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WARNING: Breathing diesel engine exhaust exposes you
to chemicals known to the State of California to cause
cancer and birth defects or other reproductive harm.
* Always start and operate the engine in a well- ventilated area.
* |f in an enclosed area, vent the exhaust to the outside.
* Do not modify or tamper with the exhaust system.
* Do not idle the engine except as necessary.
For more information go to www.P65Warnings.ca.gov.

WARNING: This product can expose you to chemicals including lead,
which is known to the State of California to cause cancer and birth
defects or other reproductive harm.

For more information go to www.P65Warnings.ca.gov.




Forward

This Operation and Maintenance Manual provides information on engine management and maintenance techniques to
customers and technicians of Hyundai Doosan Infracore's DM02-MFP00/MFP01/MFP02/MFPO3/LEPQ0/LEPO1/LEP02/LEPO3
electronically controlled industrial diesel engine.

To provide the best engine to our customers, the DM02-MFP00/MFP01/MFP02/MFPQ3/LEPO0/LEP0O1/LEPO2/LEPQS3 electron-
ically controlled industrial diesel engine is designed to satisfy all requirements for low noise, economic fuel consumption, high

speed and durability with the latest technology and quality.

Exact operation and proper maintenance are essential for operating engines for an extended time with optimum conditions and
best performance. This Operation and Maintenance Manual provides detailed descriptions of specifications, specified values,
defect diagnosis, component diagrams, and drawings for easier and more precise understanding of the product and for proper
maintenance and troubleshooting.

With the help of the recommended operation methods and procedures, high-level maintenance techniques and safety of
workers can be ensured. Please read and understand this manual before working with our engines.

To ensure best performance and quality as well as to enhance maintenance techniques, Hyundai Doosan Infracore is doing it's
best to continuously develop and invest. The design of our product may be changed without prior notice and Hyundai Doosan
Infracore shall not be held liable for the failure of this manual to contain all the design changes made to improve the product.

We, Hyundai Doosan Infracore, do our best to provide more convenient and safe maintenance techniques and to meet the
requirements of our customers.

If you have any questions or find any errors in this Operation and Maintenance Manual, please do not hesitate to contact us.

Thank you for purchasing our engine and we hope this Operation and Maintenance Manual be helpful for you.

2021. 11.
950106-079012EN
Hyundai Doosan Infracore

*

Iltems exempted from warranty coverage

* Malfunctions resulting from failing to comply with the proper handling instructions, regular inspections, and machine
storage techniques specified in the user manual

¢ Malfunctions resulting from failing to have the machine repaired at a designated dealer or center, or resulting from the
use of non-genuine parts

* Malfunctions resulting from unauthorized modifications, changes, or external hardware

¢ Malfunctions resulting from incorrect operation by the user, delayed repairs, accidents, and natural disasters

* The contents of this operation and maintenance manual are the exclusive property of Hyundai Doosan Infracore. Any unau-

thorized reproduction, printing and distribution thereof are strictly prohibited.
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1. General introduction

General information

General Information

This Operation and Maintenance Manual provides the most
efficient methods for engine maintenance as well as quick,
efficient methods to determine the cause of engine faults to
ensure that any actions taken by professionally certified
maintenance technicians are done in the most efficient and
efficient way possible. If maintenance is performed by
unskilled technicians, or maintenance without the specified
tools and facilities, serious bodily injury or critical faults in
engine performance may occur.

Regular inspection and maintenance are required to main-
tain long-term optimal engine conditions and best perfor-
mance. In the event that a part must be replaced, only
genuine parts as defined by the parts the list (PARTS BOOK)
should be used. Hyundai Doosan Infracore shall not be held
liable for any critical damage or faults which may be caused
by the use of unauthorized or remanufactured parts.

The maintenance methods stated in this Operation and
Maintenance Manual are the most efficient and safest work
procedures. Some work procedures require special tools.
For questions about genuine parts and special tools, please
contact us.

This Operation and Maintenance Manual includes 'Danger,'
‘Warning,' and 'Caution' in order to reduce possible injuries
and engine faults which may occur while performing mainte-
nance. If workers do not follow the instructions, critical faults
in engine performance and operation or serious bodily injury
may occurred. 'Danger,' 'Warning,' and 'Caution' instructions
must be followed. However, we inform you that it is not
possible to describe all possible and unexpected dangers
which may arise while performing engine maintenance.
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Danger, warning, caution and note

General Information

This Operation & Maintenance manual divides maintenance
operations such as performing engine checks, trouble-
shooting, or diagnosing faults into three categories,
"Danger," "Warning," and "Caution." In addition, Note) is
used to provide additional descriptions and information
required for maintenance technicians to successfully operate
our engines. The recommended repair methods and
‘Danger,' 'Warning,' and 'Caution' can enhance the degree of
completion of engine maintenance and prevent bodily injury
which may occur to workers. However, this manual cannot
predict all possible risks.

/A\DANGER

Workers must follow this instruction as failing to do so
may result in the death or serious bodily harm of
workers or others.

A WARNING

Workers must observe instructions, otherwise fatal or
serious injuries to workers and other persons may
occur.

/A CAUTION

Workers must observe this instruction since failing to
do so may cause critical faults which can have impact
on the engine performance and operation.

Note) Indicates additional description, information, and
references for workers' easy understanding.

General Instructions

1. In order to maintain the best long term performance and
safety, please read and understand this manual and
execute routine inspections and regular inspections.

2.

We have divided the content of this manual into causes
of bodily injury and damage to assets and causes of
pollution.

/A WARNING

When a safety accident, such as skin contact with

corrosive acids or fuel, burns with hot oil, exposure of

eyes to fuel or antifreeze, occurs while starting,

inspecting, or repairing an engine, see a doctor imme-
diately.

Cautions for Starting the Engine

1.

Before starting the engine, please read this manual care-
fully and fully understand 'Danger,' 'Warning,' and
'‘Caution’. If you cannot fully understand it or have any
question, please contact us.

For safety reasons, attach "Warning" signs around
engines in operation to keep people other than workers
from accessing the engines. Let engine operators know
that they are responsible for the safety of the engine
room.

Only authorized people may start and operate engines.
Unauthorized people should not be allowed to handle
engines.

Do not access running or rotating parts while the engine
is in operation.

Be careful not to touch or contact the engine during oper-
ation since it becomes hot during operation.

Exhaust gas is poisonous. Fully ventilate before starting
engine. If the space is airtight, ensure that it is well venti-
lated.

Cautions for Inspection and Repair

1.

Inspection and repair of engine should be performed only
when the engine is stopped. Otherwise, burns or safety
accidents may occur, so do not perform inspection or
repair while the engine is running.

If it is absolutely necessary to perform inspection or
repair on the operating engine, do not get close to the
rotating parts.

/A DANGER

When accessories such as necklaces, rings, watches,

or gloves become stuck in rotating parts while the

engine is running, serious bodily injury may occur.
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A WARNING

Do not exchange or disassemble a pipe or horse (from
the engine fuel circuit, engine oil circuit, coolant circuit,
or compressed air circuit) while the engine is running.
The leaked liquid may cause bodily injuries.

3. Use an engine oil drain container that is large enough to
prevent the overflow of engine oil while draining engine
oil.

4. Open the engine coolant cap after fully cooling the engine
to exchange or replenish coolant.

A WARNING

If the coolant cap is opened while the engine is still hot,
hot water will spurt out and may cause burns. Open the
engine coolant cap after fully cooling the engine.

5. Fuel is highly flammable. Smoking or use of fire around
an engine may cause fire.

A WARNING

Only refuel when the engine is stopped.

6. Mark and separately manage the containers for storing
coolant from beverage containers for avoiding confusion.
See a doctor immediately in case of drinking coolant.

7. Follow the instructions provided by the battery manufac-
turer when checking or handling batteries.

A WARNING

Battery fluid is corrosive and dangerous because of its
explosiveness and toxicity. Therefore, it should only be
handled by a skilled technician who specializes in
battery fluid.

8. Only certified professional technicians should repair and
maintain engines.

9. Only appropriate tools should be used. If the jaws of a
wrench are worn out, the wrench might slip during use,
causing safety accidents.

10. Do not allow other persons to stay or pass under an
engine when lifting the engine with a crane. Before lifting
the engine, ensure that there is no one around the engine
and reserve enough safety space.

11. Before inspecting or replacing the electrical apparatus,
disconnect the battery ground wire first. Connect the
battery ground wire after completing all required work for
checking or replacing the electrical apparatus in order to
prevent a short circuit.

12. Before performing electric welding works, turn off engine,
block the power supply to the engine, and remove the
wire harness connector connected to the engine control
unit (ECU).

13. Do not give any electric or mechanical shocks or perform
welding works on the electrical apparatus or the ECU.

General Repair

1. Wait until the engine is properly cooled down before
starting work, since you may get burned by the heated
engine.

Before performing fuel line work, check the common rail
pressure and engine temperature by using the failure
diagnosis device.

2. Disconnect the battery ground wire from to prevent
damage of wires and sensors caused by a short circuit.

3. Engine oil and coolant may damage paint and should be
stored in a separate container and marked for safe
management.

4. Store the disassembled parts in a specified space to
avoid damage or pollution.

5. Use specified and special tools for efficient and safe
repair.

6. If parts need to be replaced, use only genuine parts for
replacement. Using unauthorized or remanufactured
parts may cause critical damage and faults in engine
performance.

7. Replace parts such as cotter pins, gaskets, O-rings, seal
rings, oil seals, and washers with new ones during
repairs. Reuse of parts may be the cause of engine faults
and engine may not operate properly.

8. Group and store disassembled parts in disassembling
order. The strength, shape, and screw torque of bolts and
nuts are different according to their assembly position.
Please divide and store them accordingly to these char-
acteristics.

9. Clean disassembled parts to remove foreign substances
before inspecting or reassembling parts. Use
compressed air to clean the oil holes or holes.

10. Thinly spread oil or grease on rotating parts or parts
requiring lubrication, before assembling them.

11. If required, use a specified adhesive to assemble gaskets
to prevent water or oil from leaking.

12. Assemble bolts and nuts with the specified tightening
torque.
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13. After completing repairs, conduct a final inspection and
perform a test operation to check if all works have been
successfully completed.

Other Safety Instructions and Environmental

Pollution

Observe the following instructions to protect workers from

danger and to prevent the environmental pollution while

performing engine repairs.

1. Good ventilation and low humidity should be maintained
in the work space.

2. The workspace should be clean, in good order, and no
flammables are allowed in the workshop.

3. Smoking is strictly forbidden in the workshop.

4. Workers should wear working clothes, protective
goggles, and safety shoes.

5. Workers are not allowed to wear accessories such as
necklaces, rings, watches, and earrings.

6. Start the engine in a well-ventilated space and fully venti-
late the space before starting engine to prevent carbon
monoxide poisoning.

7. Wait until the engine is properly cooled down before
starting work, since you may get burned by the heated
engine.

8. Do NOT work on rotating or running parts once the
engine has been started.

9. Discard oil according to the regulations set forth by the
relevant authorities.

10. If engine oil or fuel leaks on the floor or is improperly
discharged, serious environmental pollution of sea, river
or underground water may occur.

11. Discard the undiluted anticorrosive agent, antifreeze,
filter elements, and cartridges as special wastes.

12. Discard coolant and special waste according to the regu-
lations of the appropriate authorities.

AWARNING

Failure to observe the regulations of the relevant
authorities violates environmental pollution regula-
tions and may be subject to legal penalties.

Use of Genuine Parts

An engine consists of many parts which are mechanically
harmonized. To prevent engine faults in advance and use
engines with best performance for a long period, mainte-
nance and replacement of expendable parts should be
conducted regularly.

Use of genuine parts is recommended. Using unauthorized
or remanufactured parts may cause critical damage and
faults to engine for which Hyundai Doosan Infracore shall not
be held liable.
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Emission information
Tampering with the engine voids the US and EU type-approval of that particular engine.

REGULATION (EU) 2017/654 ANNEX XV (Applies to customers using equipment in EU only.)

Hyundai Doosan Infracore provide to the customer all information and necessary instructions for the correct operation of the
engine in order to maintain the gaseous and particulate pollutant emissions of the engine within the limits of the approved engine
type or engine family. The customer should operate machine in accordance with the following information and instruction.
The customer should operate machine in accordance with the following information and instruction.

Engine Operation and Maintenance

You must comply with the following things when you operate an engine.

* The engine, including the emissions control system, shall be operated, used and maintained in accordance with the instruc-
tions provided to the end users in order to maintain the emissions performance of the engine within the requirements appli-
cable to the engine's category.

* No deliberate tampering with or misuse of the engine emissions control system in particular with regard to deactivating or
not maintaining an exhaust gas recirculation (EGR) system should take place.

e This machine is equipped with an engine exhaust emission control system. The operator is responsible for proper operation
and maintenance of the emission controls system. For details, see "Engine Exhaust Emission Control System" in the Oper-
ation and Maintenance Manual.

¢ |tis essential to take prompt action to rectify any incorrect operation, use or maintenance of the emissions control system
in accordance with the rectification measures indicated by the warnings referred to "Malfunctions & Inducement”

* Where the engine is to be operated within the Union on diesel or non-road gas-oil, a fuel with sulphur content not greater
than 10 mg/kg (20 mg/kg at point of final distribution) cetane number not less than 45 and a FAME content not greater than
8% v/v shall be used.

* Use the correct lubrication oil to maintain the performance of the emissions control system. For details, see "Engine Oil Stan-
dards" in the Lubrication system.

e Maintain in accordance with the scheduled emission-related maintenance requirements. For details, see "General Condi-
tions" in the Regular inspection table.

Malfunctions & Inducement

The operator will be informed by the operator warning system when the emission control system does not function correctly.
Ignoring the operator warning signals will lead to the activation of the operator inducement system, resulting in an effective
disablement of machine operation.

Operator Warning System & Inducement

Diagnosis Action
Warning symbols
Functions Detection targets . Low level Severe level inducement
inducement
Impeded EGR
NOx control P ) 36hr after warning, §4hr after low level .
. . - = . inducement, Torque reduction
diagnosis -~ > Torque reduction o . .
NCD) (. 259% 50% & engine rpm reduction
( Tampering ° 60%
. . PCD related faults are stored in ECU ROM from fault
Particulate Removing of DPF . . . .
control Check engine lamp healing during 40 warming up cycle.
diaanosis (It's up to the decision (=Typically over 20 hours engine operation).
(IgCD) Malfuction and of Vehicle maker(s)) Authority must have capability to confirm.
tampering in PCD (Can be through service tool)
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Malfunction Table
(P: Plausibility fault, E: Electric fault)

Actions after fault confirmation Fault code
s 8¢S |8 5
Faut | £2 (28 |53 |58 | = g 8
; =] cw= | 30 | 30 £ - o a
Component detection c > S | o® | ow® = ] o° = -
V] o 2 0~ (T -] o 9 o = ]
type x8 |3EE |G | 5% o = Q 7 L
8o |8 (82|52 | & S a 9
o o ) c &
s E a3 | < | < n w 2
2 18s |8 P
P ON o POC17 27 20 N
E ON o P2143 | 2791 5 N
E ON o P2145 | 2791 3 N
E ON o P2144 | 2791 4 N
P ON ° PO42 | 27 1 N
EGR
P Flashing| @ o PO42E 27 0 N
P ON o POC18 27 22 N
P ON o POC19 27 23 N
E ON ° Y P0406 | 27 3 N
E ON o P0407 27 4 N
P Flashing| @ o POOBE | 132 21 N
E ON ® ® P0O100 | 132 19 N
E ON ® ® P0103 | 132 3 N
MAF sensor
E ON ® ® P0102 | 132 4 N
P ON o ) P0O49B | 3236 0 N
P ON o ) P0408 | 3236 16 N
E ON ® ® P0108 | 102 3 N
Intake manifold pres- E ON P PY PO107 | 102 4 N
sure & Temperature
sensor E ON o POOAD | 105 3 N
E ON ® POOAC| 105 4 N
Coolant temperature E ON o o Po118 | 110 3 N
sensor E ON Y Y P0O117 | 110 4 N
Exhaust manifold tem- E ON ® P0546 | 2789 3 N
perature sensor E ON | @ PO545 | 2789 | 4 N
P ON P3052 | 3251 13 P
DPF differential pres- P ON ) P1454 | 3251 | 18 P
sure sensor E ON ) P2455 | 3251 3 P
E ON ) P2454 | 3251 4 P
E ON P2034 | 3242 11 P
DPF inlet temperature E ON P2033 | 3242 3 N, P
sensor
E ON P2032 | 3242 4 N, P
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The Value of the Carbon Dioxide (COz) Emissions

This CO2 measurement results from testing over a fixed test
cycle under laboratory conditions a(n) (parent) engine repre-
sentative of the engine type (engine family) and shall not
imply or express any guarantee of the performance of a
particular engine.

Engine family name DMO02VB

NRSC CO2 750.6 g/kWh

NRTC COz2 818.0 g/kWh
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Engine maintenance

Prevention of Damage and Abrasion

Using an engine for any purposes other than the designed

purpose may cause critical faults in engine performance for

which Hyundai Doosan Infracore shall not be held liable. For

details concerning the usage and purpose of the engine,

please direct questions to our Sales Team. Do not adjust,

convert, or change the ECU without our authorization.

If a problem is found in an engine, figure out and solve the

cause to prevent the critical faults in advance.

Use of genuine parts is recommended. Using unauthorized

or remanufactured parts may cause critical damage and

faults to engine for which Hyundai Doosan Infracore shall not

be held liable.

Consider the following while managing engines.

1. Use clean, specified, and qualified fuel only. Use fuel
recommended in this Operation and Maintenance
Manual.

/A CAUTION

Using inappropriate or unspecified fuel may cause crit-
ical damage and faults in engine performance.

2. Do not operate an engine without lubrication oil or
coolant. Use only the products (engine oil, cooling water,
anticorrosive agent, and etc) recommended by Hyundai
Doosan Infracore.

3. Always keep surroundings of the engine clean.

4. Use fuel recommended in this Operation & Maintenance
manual.

5. Conduct inspections and exchanges regularly according
to the regular inspection table.

6. If the engine is overheated, do not stop it immediately,
but operate it at idle status for five minutes or more to
lower the engine temperature to the proper level.

A WARNING

If the radiator cap is opened while the engine is still hot,
hot water will spurt out and may cause burns.

7. Check the engine oil level on a flat surface. Do not
exceed the maximum on the oil level gauge.

/A CAUTION

Immediately replenish engine oil when the engine oil
level is below the lower limit of the engine oil gauge.

8. If there are gauges for battery, oil pressure and coolant
and temperature, check if they indicate a normal status.
9. Do not operate engine without coolant.

/A CAUTION

Always use coolant mixed with antifreeze. If coolant
without antifreeze is used, the coolant may freeze
causing the coolant passage in the cylinder block to
freeze and damaging the engine.

/A CAUTION

Do not spray high-pressure water directly on the
engine. It may damage engine parts, electronic parts,
and wiring.

Prevention of Pollution

Consider the following to manage engine without causing

environmental pollution.

1. Discharge oil and coolant using collection containers.

2. Discard oil and coolant according to the regulations of the
relevant authorities.

3. Be careful not to let discharged oil and cooling water flow
into the ground or the sewer. Otherwise, serious pollution
of the drinking water source may occur.

4. Classify the oil, filters, and filter cartridges as environ-
mental pollution wastes and discards them according to
regulations.

5. Classify the antifreeze, cooling water, and anticorrosive
agent as hazardous wastes and discards them according
to the regulations.

Handling of Engine Oil

Prolonged and repeated contact of skin with engine oil may

cause skin to dry out and contract, causing dermatitis.

Engine oil includes substances toxic to the human body.

Handle engine oil by observing the following safety rules:

1. Do not expose skin to new engine oil for a long time.

2. Always wear working clothes and gloves.

3. If skin comes in contact with engine oil, immediately wipe
it off with water, soap or hand cleaners.

4. Do not clean skin with gasoline, fuel, thinner, or solvent.

5. Apply a skin protective cream after cleaning from oil.

6. Do not put oil-stained gloves or cloth in ones pocket.
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1. General introduction

A WARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into

the ground, sewers, drains, rivers, or the sea will cause
serious environmental pollution. Violation of regula-
tions regarding discard of engine oil without observing
the handling regulations, will be punished.

Biodiesel Blend Fuel

Note) Biodiesel blend fuel may also be used in this machine.
Biodiesel blend fuel must contain no more than five
percent biodiesel mixed with ultra low sulfur petroleum
based diesel.

This biodiesel blend fuel is commonly marketed as
B5/B7 (US/EU) blended diesel fuel. B5/B7 (US/EU)
blended diesel fuel must meet ASTM D975 (US Stan-
dard) or EN590 (EU Standard) specifications.

Biodiesel blend fuel unique qualities that should be consid-

ered before using in engine.

¢ Cold weather conditions can lead to plugged fuel system
components and hard starting.

¢ Biodiesel blend fuel is excellent medium for microbial
growth and contamination that can cause corrosion and
plugging of fuel system components.

¢ Use of biodiesel blend fuel may result in premature failure
of fuel system components, such as: plugged fuel filters
and deteriorated fuel lines.

* Shorter maintenance intervals may be required, such as:
cleaning the fuel system and replacing fuel filters and fuel
lines.

* Using biodiesel blended fuels containing more than five
percent biodiesel can affect engine life and cause deteri-
oration of hoses, tubelines, injectors, injection pump, and
seals.

Apply the following guidelines if biodiesel blend fuel is used:

¢ Ensure the fuel tank is as full as possible at all times to
prevent moisture from collecting in the fuel rank.

e Ensure that the fuel tank cap is securely tightened.

* Biodiesel blend fuel can damage painted surfaces,
remove all spilled fuel from painted surfaces immediately.

* Drain all water from the fuel filter daily before operating
the engine.

¢ Do not exceed engine oil change interval. Extended oil
change interval can cause engine damage.

* Before vehicle storage: drain the fuel tank, refill with100%
petroleum diesel fuel, add fuel stabilizer, and operate the
engine for at least 30 minutes.

Note) Biodiesel blend fuel does not have long term stability

and should not be stored for more than 3 month.

HVO (Hydro treated Vegetable Oil)

HVO is a synthetic diesel which is manufactured through the
hydrogenation of plants and animal fats.

To the user, HVO is reminiscent of diesel in accordance with
EN590, apart from HVO having a somewhat lower density.
Hyundai Doosan Infracore approves the use of up to 100%
HVO for engines in accordance with the EU standard
EN15940.

GTL (Gas To Liquids)

GTL is a synthetic fuel that is often refined from natural gas.
To the user, GTL is reminiscent of diesel in accordance with
EN590, apart from GTL having a somewhat lower density
and less odour.

Hyundai Doosan Infracore approves the use of up to 100%
GTL in accordance with the EU standard EN15940.
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1. General introduction

¢ Fuel requirements

The properties of diesel fuels can easily change by various factors, under different conditions used by customers. (Parti-
cles in atmosphere, moisture in air, temperature change, storage periods, local fuel quality, dirty storage condition, etc..)
Biodiesel (BD) is derived from natural oils, and can thus, deteriorate. The deteriorated BD contains acid, sticky
substances (sludge), diesel fungi, and etc., which can increase in fuel.

These contaminated and deteriorated fuels can cause critical engine troubles, thereby leading to higher maintenance
costs. (e.g. fuel filter early clogging, wear/damage of fuel injection equipment, injector inner deposit, piston melting due
to injector clogging)

0% BD fuels must be used for emergency generator after a long stand still. (Engine dose will not start due to fuel line and
filter plugging, caused by deteriorated BD.)

Do not use BD after 3 months from the date of its manufacture.

Any problems or risks associated with the use of unsuitable fuels will not be covered by Hyundai Doosan Infracore
warranty. (Such claims will not be covered by Hyundai Doosan Infracore warranty)

¢ Day fuel tank and fuel storage tank (for operation site) system requirements

An air breathing device (the pressure/vacuum relief valve or air vent port) should be installed at the clean side of the day
fuel tank and the fuel storage tank.

(i) The end of the air inlet should be protected from dirt/mud/water intrusion.

(i) A suitable air/moisture filter system should be included in the tank breathing system.

A day fuel tank and a fuel storage tank should be included in the water drain and the contamination cleaning port.

(i) Drain/clean the sludge, contamination, condensed water inside the fuel tank on a weekly basis.

(i) Check the contamination status of the fuel tank and flush with clean diesel on a monthly basis.

The amount of condensed water, created due to the difference in temperatures, must be minimized inside the storage
tank.

(i) The fuel tank should be positioned at least 30 cm above the ground.

Avoid the entry of air in the fuel tank by adequately designing and installing the tank (e.g. swirl pot).

The fuel storage tank (operation site) should have a dirt/water separation filter in the dispensing nozzle. (e.g. 10 micron
rating filter)

Do not paint the inner surface of the fuel tank when biodiesel is used. (Biodiesel will strip the paint, which will plug the
filter and fuel line)
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2. Operation and maintenance

Starting and stopping of the engine

Preparing for Start

Check the following before starting the engine for the first

time after purchase.

1. Before starting an engine, check the levels of fuel,
coolant, and oil and replenish those fluids if required.

2. Check if engine oil level is between the upper and lower
limit of the oil level gauge. The upper and lower limit of
the oil level gauge indicate the maximum and minimum of
the engine oil level.

/A\CAUTION

When replenishing engine oil, do not exceed the
maximum on the oil level gauge. Too much oil may
cause damage to the engine.

Refer to the engine specifications or the lubrication
system.

3. Be careful not to mix foreign substances in fuel, engine
oil, or coolant while adding the fluid, and keep the fluid
clean while it is not in use. Use fuel, oil, and coolant
recommended by Hyundai Doosan Infracore. Otherwise,
critical damage to the engine may occur.

Starting the Engine

Observe the following when starting the engine.

Make sure to check the oil and coolant levels before starting

the engine.

When to start engine for the first time, it may not start

correctly because of air in fuel system. In this case, please

try cranking 2 ~ 3 more times. It leads bleed air in fuel line

and the engine will be start well.

1. For a cold start, start the engine after preheating it suffi-
ciently through the glow plug.

After Starting the Engine

1. Immediately after starting the engine, do not increase the
rpm abruptly until the engine has warmed up sufficiently.
Otherwise, it may increase the load upon the engine and
burning may occur at the positions that have not been
sufficiently lubricated yet. To prevent this, rotate the
engine at idle after starting it to lubricate the turbocharger
with oil.

2. Oil, air, or gas leaks may lower the oil pressure. Addition-
ally, oil leaks may cause burning of bearings. As such, if
oil, air, or gas leaks occur, check the leaking parts and
solve the problem.

During Operation

1. Insufficient oil pressure may cause abnormal wear and
burning of bearings and excessive oil pressure may
cause leaks.

2. Continuing to operate the engine after noises or vibra-
tions coming from the engine may lead to serious engine
damage. As such, if noises or vibrations come from the
engine, immediately decrease the rpm to a stop the
engine.

Stopping the Engine

Do not suddenly stop the engine if operated under high loads
for a long period. If oil burns because of heat sent from the
high-temperature turbine blade to the bearing part, the
bearing metal and rotating shaft may burn. As such, if the
engine was operated under high loads for a long period, suffi-
ciently rotate the engine at idle before stopping it.

ECU Learning after Engine Key Off

1. Metering unit on high pressure pump

¢ Metering unit on the high pressure pump can make a
'buzzing sound' when key off during 20 ~ 30 seconds.

¢ This is for fast pressure reduction of high pressure
system by metering unit actuation.

2. Throttle valve

e Throttle valve position sensor need to learn close position
after key off during 20 ~ 30 seconds.

3. E-feed pump

¢ E-feed pump with pressure sensor operates after key off
during 15 ~ 20 seconds for diagnostic.

¢ |t doesn’t work E-feed pump without pressure sensor.
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2. Operation and maintenance

Break-in period of the engine

General Information

Hyundai Doosan Infracore engines are subjected to a final
approval test to ensure the provision of high quality engines
before being shipped to ensure the best quality possible.
However, engines are not operated for a long period of time
in this test. Therefore, new engines require a break-in period
of during the initial 50 hours after delivery. By properly
breaking-in an engine, the highest levels of engine perfor-
mance can be maintained long-term.

Break-in Period of a New Engine

If the engine's bearings are not properly broken in, they may

be easily damaged and the lifetime of the engine may be

shortened by overloading or high-speeds. In order to prevent
this, please follow the guidelines below for the initial 50 hours
after delivery of new engine.

1. Fully warm up the engine until the engine temperature
reaches normal operation condition, before starting oper-
ation of the engine.

2. Do not overload the engine or operate it at excessive
RPM.

3. Do not operate the engine with high speed at idle.

4. Do not rapidly start up or stop the engine.

5. Operate the engine with less than 70 % of the engine
load.

6. Inspection, check, and repair of engines should be
managed by officially-certified technicians at certified
service centers in compliance with corresponding rules.

Check Points

Check the following during the break-in period of a new
engine.
1. Periodically check if the engine oil level is between the
minimum and maximum limit of the oil level gauge.
Note) The amount of engine oil has a significant effect on
engine performance, so check it every day check the
engine oil in the following order.

1. After parking in a flat area, warm up the engine to
normal operating temperature.

2. Turn off the engine, wait until the oil is stabilized
(about 5 minutes), pull out the level gauge, wipe it
off with a clean cloth, and insert the level gauge
again.

3. Pull out the level gauge and check.

/A CAUTION

If you cannot accurately check the oil level through the
oil level gauge, rotate the oil level gauge to 180 degree,
put it in the guide tube, and then pull it out again to
check.

2. If the oil indicator lamp on the apparatus is turned on or
blinks, the oil pressure may be insufficient. In this case,
check the oil level and replenish the oil if required. When
replenishing engine oil, do not exceed the maximum on
the oil level gauge. If the oil level is normal, check other
related parts such as the oil pressure sensor, oil pump, or
oil line.

/A CAUTION

The oil pressure may increase with high rom and
decrease with low rpm. In addition, the pressure of cold
oil may be higher at a specific rpm than of warm oil.
Use oil with the correct specifications for the engine.

3. Check the level in the coolant tank and add more if
necessary.
Coolant is added as follows: Add coolant — Run the
engine for one or two minutes — Add coolant if tank is
lower than minimum level — Run the engine for one or

two minutes — (Add more if necessary)

/A CAUTION

If engine oil and oil filter need to be replaced, use only
the genuine engine oil and parts recommended by
Hyundai Doosan Infracore.

Inspection after Starting the Engine

The output torque may be limited if the engine oil pressure is

abnormal. Check the P-CODE with a diagnostic tool or OBD.

In addition, make sure that the recharge alarm indicator lamp

of the alternator is turned off while the engine is operating.

1. Tightly connect the +/- terminals to prevent gaps between
them. The sheath of battery connection cables should not
be damaged or broken.

2. Ifthe recharge alarm indicator lamp suddenly turns on or
blinks during engine operation and the engine stops, fix
the fault of the electric apparatus.

3. If color or odor of exhaust gas is unusual during opera-
tion, stop the engine, diagnose the cause and fix the fault.

4. Check the engine status through the alarm indicator lamp
and gauges mounted on the apparatus during operation.

16



2. Operation and maintenance

Operation in winter

Cold Start

Periodically check for frozen coolant and viscosity of lubrica-
tion oil.

/A\CAUTION

¢ Check the battery is good condition. If battery
condition is not good, please fully charge the
battery before trying to start.

¢ Operate starter motor upto 30 second while engine
speed (rpm) is not over 300 rpm. If engine rpm is
below 100 rpm up to 20 seconds, stop operating
starter motor and try again from preheating.

Perform the cold start in the following order.
1. Turn the key switch to 'Preheat' and then the preheat
lamp will operate for about 20 seconds.
Note) If the coolant is below 10°C, preheater will operate
automatically.
2. When the preheat lamp switches off, turn the key switch
to 'Start' to start the engine.
Note) Preheater heats about 180 seconds after starting the
engine in order to quick reducing the exhaust white
smoke.

Preventing Coolant from Freezing.

When only water used as coolant without mixing with anti-
freeze, corrosion in the engine, degradation of cooling effi-
ciency, and freezing of the engine in winter may occur. If the
engine is not operated for a long period during cold weather
fully discharge the coolant from the engine. Freezing of
coolant leads to critical damage to the engine. Please use a
mixture of coolant with antifreeze at revised ratio when
replacing or replenishing the coolant. The antifreeze
prevents coolant from freezing.

Preventing Overcooling of the Engine

When the engine is cooled below the normal operating
temperature, thermal efficiency is lowered and fuel
consumption as well as abrasion of the cylinder liner may
increase. Therefore, the engine should be operated within
the normal operating temperature. If the engine has been
sufficiently operated, but the temperature of coolant remains
below the normal operating temperature, check the water
temperature controller or other parts related to the cooler.

Engine Oil

When the viscosity of engine oil increases due to its low
temperature during cold weather or in areas with cold
climate, the rpm may not be stable after starting the engine.
To prevent this, replace the oil with engine oil for cold
weather or areas with cold climate. When replacing engine
oil, Use only engine oil recommended by Hyundai Doosan
Infracore.
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2. Operation and maintenance

Inspection and repair of the engine

Checking Engine Parts after Prolonged Oper-
ation

Wear, corrosion, or degradation of engine elements and
assemblies may occur, causing lowered performance of
engine parts. To maintain high engine performance, check
the engine after prolonged operation to enhance the dura-
bility of the engine.

Unexpected faults may occur in some weak engine parts
after normal operation of the engine, when operation time is
prolonged. In this case, it is difficult to maintain high engine
performance by simply repairing some parts. We recom-
mend the entire part be replaced or repaired in order to find
out the causes more accurately and maintain high engine
performance.

To prevent engine failure in advance and use the engine
safely for a long period, perform periodic replacements and
inspections.

It is recommended to perform engine adjustments and
preventive inspections during spring after the engine was
exposed to winter or cold weather. This allows economic,
long-term use of the engine without faults.

As the following parts affect the engine output and perfor-
mance, these parts should be regularly checked and
inspected.

1. Parts affecting intake and exhaust

o Air filter

¢ Intercooler

e Turbocharger, silencer

¢ EGR cooler and valve

¢ Other parts

2. Parts affecting lubrication and cooling

o Airfilter

o OQil filter

¢ Antifreeze

e Other parts

Inspection and Repair of Turbocharger

As performance of turbocharger significantly affects the
engine performance, regular inspections and repairs should
be performed and inspection and maintenance regulations
should be observed.

Intake Unit

Be careful when handling the air filter in the intake unit. If oil
level of the wet air filter is below the specified level, filtering
performance is degraded. On the other hand, if the oil level
is higher, oil may flow into the case, and it may become
polluted. In regards to the dry air filter, intake resistance
should be small to ensure the smooth intake of air.

Exhaust Unit

If exhaust emission is leaked from the part connecting the
exhaust tube and the turbocharger, the turbocharger effi-
ciency is lowered, causing degraded engine output and, if
serious, burning of related parts. As parts related to exhaust
and turbocharger are used at high temperature, be careful
not to mix the bolts and nuts with other parts when
performing repair.

Lubrication System

Inspection and replacement of the lubrication system should
be performed according to the replacement schedule of oil
and oil filter. Overheated engine oil can affect not only the
engine itself, but also the engine performance.
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2. Operation and maintenance

Injection nozzle maintenance

Clogging (lacquering or coking) of the valve and nozzle within
the injector is a phenomenon where fuel is not injected normally
due to an influx of prohibited chemical components into the fuel
which accumulate on the valve or needle inside the injector.

Clogging of the valve/nozzle inside the injector can cause

exhaust smoke, decreased power and failure to start the

engine.

If you suspect that the valve/nozzle within the injector is

clogged, we recommend adding the Hyundai Doosan Infra-

core fuel additive (500203-00127) immediately and

proceeding with working under a load in order to effectively

resolve the issue.

Using the fuel additive (500203-00127) in the following cases

as well can prevent injector clogging so we recommend

using the fuel additive regardless of the suitable intervals for

usage.

* When reactivating machinery which has not been used
for an extended period of time (over one month)

¢ When using fuel with a high content of biodiesel

¢ When the quality of the fuel in use is suspect

The Hyundai Doosan Infracore fuel additive (500203-00127)
is effective in eliminating and preventing the accumulation
of such deposits.

The proper amount to use is 100 mL per 100 L of fuel, and it
should be used every 500 hours.

Tips for Preventing Internal Clogging of the
Injector!

* Only use B7 or lower biodiesel.
The oxidation stability of biodiesel drops and may lead to
a rapid change in the properties of the fuel. It also
contains a large amount of acidic material so it may
corrode metal in the engine.

¢ Avoid using fuel which has been stored for an extended
period of time.
Fuel which has been stored for an extended period of
time begins to oxidize and may cause clogging in the
injector.

* |f the problem persists, change service stations.
There is a strong correlation between the management of
fuel at the service station and clogging within the injector.

¢ Add the Hyundai Doosan Infracore fuel additive
(500203-00127) whenever replacing the fuel filter. Avoid
using any fuel additives except the genuine Hyundai
Doosan Infracore fuel additive.
Using unverified additives may even cause problems in
the injector.

For customers overseas, we recommend using commercially

available equivalents of genuine Hyundai Doosan Infracore

products.
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Engine specifications and performance

Engine Specifications

Specifications

=s| 2| 2|2/ 2|2|2|¢2
Item .S .8 .S .S .S .S .S .S Remarks
gl 2|8|8|8|2[8|8
General Information
Engine Type 4-stroke, Inline, Watgr-cooled,
Turbocharged and Air-cooled
Combustion Chamber Type Direct Injection
Cylinder Liner Type Dry Liner
Timing Gear System Gear Driven Type
Number of Piston Rings Two Compression Rings and One Oil Ring
Number of Cylinders 4
Cylinder Bore 90 mm
Cylinder Stroke 94 mm
Total Displacement 2,392 cc
Compression Ratio 16.9: 1
Compression Pressure 25 bar at 200 rpm
Engine Dimension (L x W x H) 828 x 576 x 722 mm
Engine Weight 233 kg
Direction of Rotation Counter-clockwise View from
Flywheel
Firing Order 1-3-4-2
Cooling System
Cooling Type Radiator
Capacity of Coolant 3L Engine Internal

Area

Coolant Pump Type

Centrifugal type driven by belt

Type Unit + Housing (Wax-Pellet)
Coolant
Temperature Opening Temperature 82°C
Controller

Fully Open Temperature 97°C

Coolant Temperature Indicator

Coolant Temperature Sensor Mounted

Lubrication System

Lubricating Type Forced Lubrication System
Idle above 0.8 bar

Qil Pressure
Max. above 3.0 bar
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Specifications

o o o =) o o o =)
= = = = = = = =
ltem S 8 S S § S < S Remarks
gs|2/8|8|8[2|R|8
Oil Grade API CJ-4 (500hr interval) / APl CK-4 (1,000hr interval)
Oil Specifications
SAE Viscosity SAE 10W30/40 (API CK-4(ACEA E6)or above)
Max. 86L
Oil Capacity
Min. 45L
Allowable Oil Pan Inclination R R o o
Angle (Front/Rear/Left/Right) 35°/35°/357/35
Oil Pump Type Gear type driven by crankshaft
Qil Coolant Type Water-cooled Layered Plate
Oil Strainer Type Full Flow (Cartridge)
Oil Separator Type Impact (CCV)
Hydraulic Pressure Indicator Qil Pressure Sensor
Fuel System
Fuel Injection Pump Type Bosch CP4-18/1-OHW
Engine Control Type E.C.U (BOSCH, EDC17C87)
Delivery Pump Type Gear Type (With in CP4)
Nozzle Opening Pressure (Operating Pressure) 1,800 bar
Injector Nozzle Type Multi Hole Type
Fuel Filter Type Full Flow (Cartridge)
Cylinder Block/Head
Valve Over Head Valve
Intake 0.0 mm When Cold
Valve Clearance
Exhaust 0.0 mm When Cold
Electric System
Type Electric Control
Start Motor
Capacity 12.0V, 2.5 kW

Preheat System

Glow Plug (12 V x 3 EA)
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Engine Performance Curve (DM02-MFPO00)
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Test evaluation method 1ISO8178
Engine output (rated) 55 kW
Torque (Max.) 320 Nm
Specific fuel consumption 218 g/kW.h
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Engine Performance Curve (DM02-LEPO00)
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ED24190069
Test evaluation method 1ISO8178
Engine output (rated) 55 kW
Torque (Max.) 280 Nm
Specific fuel consumption 222 g/kW.h
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Engine Performance Curve (DM02-MFPO01)
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ED24190070
Test evaluation method 1ISO8178
Engine output (rated) 51 kW
Torque (Max.) 252 Nm
Specific fuel consumption 220 g/kW.h
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3. Performance and specifications

Engine Performance Curve (DM02-LEPO1)
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ED24190070
Test evaluation method 1ISO8178
Engine output (rated) 51 kW
Torque (Max.) 252 Nm
Specific fuel consumption 224 g/kW.h
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Engine Performance Curve (DM02-MFP02/LEP02)
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ED24190072
Test evaluation method 1ISO8178
Engine output (rated) 41 kW
Torque (Max.) 204 Nm
Specific fuel consumption 225 g/kW.h
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Engine Performance Curve (DM02-MFP03/LEP03)

350 100.0
90.0
300
80.0
250 70.0
= 200 60.0 _
=3 ~——— 500 =
[} —
T o —= [ &
© o
'_
100 30.0
/ / 20.0
50 (==
10.0
0 0.0
800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Engine Speed
—
ED24190073
Test evaluation method 1ISO8178
Engine output (rated) 37 kW
Torque (Max.) 182 Nm
Specific fuel consumption 232 g/kW.h
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3. Performance and specifications

Outside drawing of the engine

Note) The images shown represent the standard model; they do not include all models.

Isometric Assembly Drawings

® N o oA~ DN~

Turbocharger
Exhaust manifold
EGR cooler
Starter

Oil pan
Crankshaft pulley
V-belt

Timing gear case

10.
11.
12.
13.
14.
15.
16.

Coolant pump
Coolant pump pulley
Alternator

Alternator mounting
Front lifting hook
Thermostat

Injector

Injection pipe

. Common rail
18.
19.
. Intake manifold
21.
22.
23.
24.

Qil filter
Fuel injection pump

Cylinder block
Drive plate

Drive Plate housing
Rear lifting hook

25.
26.
27.
28.
29.

ED24190060

Cylinder head
Cylinder head cover
Breather hose
Catalytic muffler
Drain coolant
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Assembly Drawings (Front/Rear)

No o s eDb =

Front lifting hook
Coolant pump pulley
coolant pump
Coolant hose

Micro V-belt

Starter

Crankshaft pulley

10.
11.
12.
13.
14.

Timing gear case
Auto tensioner
Alternator
Alternator mounting
Throttle (Inlet pipe)
Intake stake

Drive plate

15.
16.
17.
18.
19.

ED24190061

Drive plate housing
Cylinder head
Cylinder head cover
Breather hose
Catalytic muffler
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Assembly Drawings (Left/Right)
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ED24190062
1. Throttle (Inlet pipe) 7. Coolant hose 13. Common ralil 19. Oil pan
2. Turbocharger 8. Thermostat 14. Intake manifold 20. Oil cooler
3. Qil delivery pipe 9. OQil return pipe 15. Alternator 21. OQil filter module
4. EGR cooler 10. Exhaust manifold 16. Fuel injection pump 22. Oil filter
5. Starter 11. Fuel injection pipe 17. Oil level gauge guide 23. Intake stake
tube
6. EGR valve 12. Fuel return hose 18. Drain plug 24. Catalytic muffler
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Assembly Drawings (Top/Bottom)
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T
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Alternator

Fuel injection pipe
Common rail

Glow plug

QOil filter

Throttle (Inlet pipe)

10.
11.
12.

Intake stake
Breather hose
Turbocharger

Fuel return hose
Injector

Cylinder head cover

13.
14.
15.
16.
17.
18.

ED24190063

Thermostat

Drain plug

Fuel injection pump
Qil Pan

Starter

Catalytic muffler
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3. Performance and specifications

Engine Number Engraving

The engine code and manufacturing number are engraved in
the position marked with A in the drawing. These numbers

are necessary to request quality assurance or to order parts.
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EDL02170017
1 2
3 4

EDL022165B

1. Product name (6 digits)
2. Year (1 digit)

3. Serial Number (5 digits)

4. After new representative
specification (3 digits)

Cylinder Block Number Engraving

The cylinder block serial number is engraved in the position
marked as A in the drawing.

A
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=
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ED24190149

Engraving of Piston Bore Level of Cylinder
Block

The piston bore level of the cylinder block is engraved in the
position marked as A in the drawing. The piston bore level of
the cylinder block is classified as A or B. These levels are
necessary to order the suitable piston for the piston bore of
the cylinder block.

ED24190150
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3. Performance and specifications

Engraving of Main Bearing Bore Level of
Cylinder Block

The main bearing bore level of the cylinder block is engraved
in the position marked as A in the drawing. The main bearing
bore level of the cylinder block is classified as A, B, or C.
These levels are necessary to order the suitable main
bearing for the main bearing bore of cylinder block.

ED24190151

Crankshaft Main Journal Engraving

The crankshaft serial number is engraved at the position (A)
in the drawing and the crankshaft main journal diameter
class is engraved at the position (B) in the drawing. The
crankshaft main journal diameter class is classified into A, B,
and C. These levels are necessary to order the suitable main
bearing.

EDL022216A

Connecting Rod Engraving

The connecting rod weight is engraved in the position
marked as A in the drawing and classified by a letter from A
to F. These levels are necessary to order the connecting rod.

/A

EDL022217A

Piston Engraving

The piston class is engraved on the position marked as A in
the drawing. The piston class is classified into A and B.
These levels are necessary to check the suitable piston
class.

EDL022218B
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3. Performance and specifications

Cylinder Head Gasket Identification

The cylinder head gasket identification hole (half circle) is
located in the position marked as (A) in the drawing. It
belongs to class A if there is one hole of identification on the
cylinder head gasket, to class B if there are two holes, and
class C if there are three holes. This identification is neces-
sary to order the suitable cylinder head gasket.

ED24190167
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(CT=TT=T o= 1T ) (o] 0o F= (o] o PSSO 41
(LY oTT T [ o1 4 = o] o PR 41
R o101 o[- R 1 E] o =Tex 1T ] o PP PP TR 41
Regular inspection table ... 42
LCTCYaTT =TI @oTa Lo 11 o] o 1= SR 42
(@707 o] 1 o JE=3 721 (=11 0[PP RUSP 44
LCT=TaT=T o= 1IN [0 12 F= 11T} o S 44
Amount Of ANEIfrE@ZE IN WINTEK ....coooiie et r e e e e e e e s e s s s nrnareeaeaeeeeeanannnnes 44
(OF=ToF= Lol 4 VAol ©F0To] = 1o ) SRR 44
Checking the CO0IANT.........oo et e b e et e s b e e e b e e e sbe e e s anr e e e ane e e e saneeesnnes 44
Measurement of Coolant CoONCENTIALION ..........uiiiiii e e s e e e s s eae e s snereeee s 45
Replenishment Of COOIANT...........cc e e e e e e e e e e e e s e s eeeeeeeeeeee e e nnnnsennnneeees 46
Replacement Of COOIANT ... ottt e e e st et e e e e e bbbt e e e s nbre e e e s eannreeeeas 46
LUDFICATION SYSTEIM ...t e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaeaeas 48
LY oTT T [ o4 0 4 F= o] o SRR 48
= oo 1o T= R @ 11 IS 7= TqTo F= T (o [ SRR 48
= oo o[- @ 11 I 07T o= Uo7 1 | PR 49
ChecKing the ENGINE Ol ...t e e e e e e ab bt e e s e bt e e e e e e abbe e e e e e aneeas 49
Replenishment of ENGINE Ol ......coo ittt sttt e e ea e e e rme e e e e aaaeeeenbee e saneeas 50
Replacement Of ENGINE Ol ........uiiiiiii ittt et e e s ne e e e sr e e s sane e e aneeesanbeeeanneens 50
U= Yoy (=T o PO PEUPPPPPPPPPPPPPPRRN 52
LCT=T aT=T o= 1IN [0 2 F= 11T} oS 52
LU= RS = L o =T o P 52
INjector & FUEI REIUIMN HOSE ... ...t e e s e e e e s anneeee s 52
LU= I T (= O PP UPUTU T ORPPR 53
LR {=T o] E= Tot=Y 0 o 1= o o) L 1= N Y S 53
Air Bleeding in the FUEI CIrCUIL..........ooi it e e s s te e e e e sae e e e e e e snre e e e e e nnneeas 55
U= B 1 =T gl B = U o T PSPPSR 55
Others/driviNg SYSTEIM ...t e e e e e e e e e e s nnnn e e e e e e eas 57
7Y | =T 0 o] o TP P PRSP PRPRPP 57

39



40



4. Regular inspection

General information

General Information

As time passes after purchasing an engine, each of the

engines parts age and initial engine performance cannot be

maintained.

Regular inspection and replacement according to the recom-

mended regular inspection table allows you to maintain an

engine with the optimum conditions and best performance

for a long period and prevent unexpected accidents in

advance.

Users are responsible for the proper operation and mainte-

nance of engines. Engines should be inspected and replaced

by officially-certified technicians in a workspace with the

specified tools and facilities. Observe the following instruc-

tions to perform inspections.

1. Perform inspections on a flat floor without a slope.

2. Excluding extreme circumstances, only perform inspec-
tion while the engine is stopped.

3. Disconnect the '-' terminal of the battery before
performing an inspection.

4. Perform inspection in a well ventilated space.

5. Use a wooden prop or lift when working under the engine.

/A\DANGER

¢ Wait until the engine is sufficiently cooled before
starting inspection after operating the engine.
Otherwise, you may be burned.

¢ You may be poisoned by the emission when starting
an engine in a closed space. Perform inspection at
the well-ventilate space.

¢ Unless absolutely compelled, do not perform
inspection under an engine.

¢ Do not be close to fire when inspecting an engine.
Fuel, oil, or batteries may generate gas, causing fire.

¢ If inspecting the engine while it is running, do not
wear accessories such as necklaces, rings, watches
or gloves. Such accessories may become stuck in
rotating parts while the engine is running and may
cause serious bodily injury.

¢ Individuals who use a mechanical heart or artificial
internal organ should not enter the area near an
engine while it is running. The high-voltage current
of the injectors or ECU may cause abnormal opera-
tion of such equipment.

/A CAUTION

¢ Incorrect inspection methods may cause of engine
faults.

¢ Cleaning an engine with liquids such as water or
wax may cause breakdown of electrical parts.

¢ Be careful when handling batteries, cables, and
electrical wirings because current flows through
those parts.

¢ Do not put heavy things or apply excessive force or
impact on the fuel-related units.

¢ Make sure that you connect the battery terminal ('+'
and '-') to the right terminal. Connecting the '+' and
'-' terminals to the wrong terminal may cause
damage to the electrical unit parts and fire.

Routine Inspection

Routine inspection is an inspection performed by an engine

operator before operating the engine. It should be performed

to protect operator's safety, as well as the engine.

The following is a minimal check list.

1. Check whether the engine smoothly starts and the levels
of fuel, oil, and coolant are within the normal range.

2. Check if any discharged emissions are colored and if the
exhaust contains toxic gas elements.

3. Check whether abnormal noise occurs after starting an
engine or not.

4. Check whether oil or water is leaking.




4. Regular inspection

Regular inspection table

General Conditions

Regular inspection and replacement according to the recommended regular inspection table allows you to maintain the engine
with optimum conditions and best performance for a long period and prevent unexpected accidents in advance.

( O Inspection and Adjustment, @ : Replacement)

Inspection interval (x 1,000 hours)

Check Points Daily Remarks
0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0
Coolant system
State of connection between O
cooler and coolant hose
Capacity and state of coolant General genuine coolant: replace every 1,200 hours
Note 1) O Genuine Hyundai Doosan Infracore LLC coolant: replace every 6,000
Note 2) hours Note 3)
. . Inspect every 1,000 hrs (or 6 months) and replace if required
Cooling fan belt tension O Replace every 3,000 hrs (or 3 years)
Lubrication system
Lubricating device and oll O
leakage
Capacity and condition of O
engine oil
Engine oil filter o o o o [
) ) . 500 hrinterval or 1 year
Engine oll O ) -
(Option: 1,000 hr )
Fuel system
Fuel line and connection unit | (O
Fuel filter o [ ) [ o [
Fuel volume O
Water draining from water O
separator
Fuel injection time Inspect and adjust if required
Injector Inspect and adjust if required
Compression pressure Note 4) Inspect and adjust if required
Intake/Exhaust system
Air cleaner O Clean and replace if required

Throttle body cleaning

Clean and replace if required

Intake line and connection
unit

Clean and replace if required

Exhaust line and connection
unit

Clean and replace if required

Emission state
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4. Regular inspection

Cylinder head

Head cover injectors oil seal Inspect and replace if required (Replace when replacing injectors)

Electric system

Battery charging state O

Various electric units O

Note 1) Replenish coolant if required.
Note 2) Check coolant every 500 hours to maintain the concentration of antifreeze and additives.
Note 3) Part number for 200 L drum: 500201-00011, part number for 3 L pail: 500201-00012
Note 4) Compression Pressure Range: 28 ~ 33 bar
Compression Pressure Lowest limit: 20 bar
(Sea level/Cranking speed 180 ~ 200 rpm/Battery SOC Over 80%)
However, The result can be varied by the condition of measurement.
In addition, the measurement is lower than the figures above.
Even though the measurement is lower than the guided figures, and when the differences among cylinders are lower
than 10%, the compression pressures are regarded as Normal.
When other cases than the Hyundai Doosan Infracore guide above are encountered, please contact the service
manager in regional Hyundai Doosan Infracore office and Hyundai Doosan Infracore HQ service.
* If an OLS is not installed, check the oil level gauge and add oil when the oil level gauge indicates the minimum level.
If an OLS is installed, even in the event of a low level warning, stop the machine on flat, even ground, perform a cross-check
with the oil dipstick gauge, and add oil as necessary.
** Service interval varies depending on engine oil, diesel fuel quality and operation conditions.
Determine service intervals by analyzing the engine oil properties under working conditions after analyzing the result of the
test. 1,000 hr interval is only for the customer who get the confirmation from DI for the machine usage profile.
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Cooling system

General Information

Coolant plays an important role in preventing overheating
and freezing of the engine. However, as the engine is used
over time, the anticorrosive and anti-rust performance of the
coolant diminishes. The state of the coolant must be main-
tained through daily inspections and replaced regularly.
Genuine Hyundai Doosan Infracore LLC may be used
continuously for up to 3 years or 6,000 hours.

We recommend using genuine Hyundai Doosan Infracore
LLC. When genuine Hyundai Doosan Infracore LLC coolant
is used, there is no need to add an anti-corrosive.

Amount of Antifreeze in Winter
* Coolant freezing point according to anti-freezing ratio

Coolant (%) Antifreeze (%) | Freezing point (°C)
85 15 Above -10
80 20 -10
73 27 -15
67 33 -20
60 40 -25
56 44 -30
50 50 -35

DI general
genuine coolant

DI general genuine
LLC coolant

Replacement

. 1,200 hours or 1 year
interval

6,000 hours or 3 years

Note) Genuine Hyundai Doosan Infracore LLC (part number
for 200 L drum: 500201-00011, part number for 3 L pail:
500201-00012)

The mixture ratio for engine coolant should be 45 ~ 50% anti-

freeze included (Note: If anti-corrosive agent is not

contained, the DCA should be added 3 ~ 5%) and 3 to 5% of
an additive (DCA4) for preventing corrosion. For the water in
the coolant, use clean tap water. The coolant must be
inspected regularly in order to maintain the concentration of
antifreeze and additives.

/A CAUTION

By maintaining the coolant at the mixture ratio recom-
mended by Hyundai Doosan Infracore, you can effec-
tively prevent corrosion in the engine and maintain
long-term optimal engine performance. Using contami-
nated water or an unspecified antifreeze or additive can
cause serious faults in the cooling system.

Capacity of Coolant

Engine Model and Product

Code Coolant capacity ( £)

DM02-MFPOO/MFPO1/MFP02/
MFPO3/LEPOO/LEPO1/LEPO2/ 3
LEPO3

Checking the Coolant

A DANGER

If the radiator cap is opened to exchange or replenish
coolant while the engine is overheated, hot water will
spurt out and may cause serious burns. If it is abso-
lutely necessary to open the radiator cap while the
engine is overheated, wrap the radiator cap with a cloth
and slowly open the cap in two steps until the steam
pressure has been released from the inside. After the
steam pressure has been completely released, remove
the radiator cap.

1. Check the position of the supplementary tank.

2. Make sure that the engine and radiator are cooled.

3. If the coolant level indicates between the upper limit and
the lower limit on the supplementary tank, it means that
the coolant volume is normal.

4. If there is insufficient coolant, replenish it.

5. Open the radiator cap and check the condition of the
coolant. If the coolant cap is contaminated or insufficient,
measure the coolant concentration. If the coolant
concentration is outside the specified range, exchange
the coolant.
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Measurement of Coolant Concentration

Special Tools

Figure Product Number/Name
60.99901-0038
fest sheet | Coolant test sheet
C) B) A)

The coolant concentration can be measured as follows.
If the engine coolant temperature is within a range of 10

~ 55°C, drain the coolant and fill half a plastic cup with it.

/A CAUTION

When taking out a sample of coolant from the supple-
mentary tank, it is difficult to measure the precise
concentration. Always take out sample by opening the
drain plug of coolant.

Soak the test sheet in the coolant and take it out after 3 ~
5 seconds. Shake the sheet to remove the remaining
coolant.

Wait for about 45 seconds until the test sheet changes its
color.

/A CAUTION

Measurement time should not exceed 75 seconds. The

color changes as time passes.

4. Check the color on test sheet.

test sheet

EDL0213002A

1)

Compare the color of part A on the test sheet to the color
of GLYCOL / FREEZEPOINT (End pad) of the standard
color table.

Compare the color of the test sheet (B) to the color of
MOLYBDATE (Middle pad) of the standard color table.
Compare the color of the test sheet (C) to the color of
NITRITE of the standard color table.

Compare and confirm the parts with identical colors on
the test sheet and the standard color table.

% GLYCOL / FREEZEPOINT (‘C) (End Pad)
60%

25% D 33% D 40% D 50% D .

-12°-15°-18° -21° -28° -29° -34° -43°-51C

SCA Units per litre.
’i 0.0{0.4/0.7|0.9|1.0(1.1 ‘1.3 1.5
Fovs TEST
s 00/04/06/0.7/0.9/0.9[1.1]1.3
0.0{0.4/0.5/0.510.6(0.7 1.0 (1.2
ot SERVICE
s 0.0{0.3]0.4|0.40.6(0.7|0.9 |1.1
o 0.0{0.2]0.3]0.4|0.5(0.6|0.8|1.0
0.00.2]0.2(0.2|0.410.5/0.7 (0.9
foull— PRE CHARGE
0.0]0.1]0.2]0.2|0.30.4{0.6 0.9
0
m
alelclolele|oln

NITRITE

(avd 31000 [7
J1VASATION £

EDL022154A

Compare the changed pink color part A of the test sheet
with the GLYOOL/FREEZEPOINT (End pad) of the stan-
dard color table on top of the container and confirm the
concentration. The concentration indication has to be
within the color scope of 33~50%.

The state of additives for anticorrosion is shown on the
point where the color of MOLYBDATE (Middle pad) on
the standard color table (which is identical with the Middle
(B) of the test sheet) is crossed with the color of NITRITE
on the standard color table (which is identical with the (C)
of the test sheet). It should be maintained at the optimum
range, in the green section between 0.3 to 0.8.

If the result is below 0.3, add more anti-corrosive (DCA4).
If the result is over 0.8, drain some coolant and add some
tap water to adjust the concentration.

Use distilled water or tap water. Natural water such as
river water or underground water (hard water) contains a
significant amount of minerals which form deposits in the
cooling system and degrade the cooling performance, so
make sure to use tap water which satisfies the following
standards.
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< Standards for usable tap water >

Standard
Inor-
Item ganic Sul- Hard- Solids | Acidity
. phate | ness
chloride

<40 <50 <95 | <340 | 55~

Amount ppm ppm °d.H ppm 9.0

PPM (Parts Per Million) - Unit of concentration for small
amounts of matter.

- 1ppm=1mg/1 kg, 1 mL/1L

°d.H - Unit of concentration for small amounts of matter.
- 1°d.H=17 ppm

/A CAUTION

¢ The tap water standards are intended for reference
only. Do not use them as absolute standards.

¢ If the water quality is suspect, avoid using tap water
and use distilled water instead, if possible.

/A CAUTION

¢ If the color on the test sheet does not match the
color of the standard color table, find a middle color
on the standard color table. For example, if the color
of (C) of the test sheet matches D and F on the
NITRITE of the standard color table, select E.

* To prevent corrosion inside of the engine cooling
unit, drain the coolant and replace it with new
coolant once a year.

Replenishment of Coolant

If the coolant level of the supplementary tank is below the

lower limit, replenish the coolant as follows.

1. Remove the supplementary tank cap.

2. Replenish coolant until its level is between the upper and
lower limit of the supplementary tank.

3. Install the supplementary tank cap.

/A CAUTION

Be careful not let foreign substances flow into the
engine when replenishing coolant.

If there is not coolant in the supplementary tank,
replenish the coolant as follows.

1. Remove the radiator cap while the engine and radiator
are cold.

2. Replenish coolant up to the inlet of the radiator.

3. After starting the engine let the coolant circulate suffi-
ciently and check the coolant level. If there is insufficient
coolant, replenish more.

4. |Install the supplementary tank cap.

5. Remove the supplementary tank cap.

6. Replenish coolant until its level is between the upper and
lower limit of the supplementary tank.

/A CAUTION

¢ If the radiator cap is opened while the engine is hot,
hot water will spurt out and may cause serious
burns. Open the radiator cap after making sure that
the engine has been fully cooled.

* Mark and separately manage the containers for
storing coolant from beverage containers for
avoiding confusion. See a doctor immediately in
case of drinking coolant.

Replacement of Coolant
¢ General genuine coolant: 1 year or 1,200 hours
e Genuine Hyundai Doosan Infracore LCC coolant: 3 years
or 6,000 hours
Note) Inthe eventthat separate specifications from the client
are applied, use coolant which satisfies the standards
below.

Specification Specification number

ASTM D3306, D6210
JIS K2234
SAE J1034

/A DANGER

¢ Never open the radiator cap while the engine is
overheated. If the radiator cap is opened while the
engine is overheated, hot water will spurt out and
may cause serious burns. Open the radiator cap
after ensuring that the engine has been cooled suffi-
ciently.

¢ Mark and separately manage the containers for
storing coolant from beverage containers to avoid
confusion. If coolant is ingested, see a doctor imme-
diately.

/A CAUTION

Be careful not to get coolant on any belts or electric
apparatus when replacing the coolant.
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Make sure that engine and radiator are cooled.
Place a container in front of the coolant drain plug.
Remove the radiator cap.

LN~

Unplug the coolant drain plug of the radiator and then

drain coolant.

5. After completing coolant drain, connect the coolant drain
plug again.

6. Drain the coolant from the coolant supplementary tank
and cleanse the tank.

7. Fill the radiator inlet with water and install radiator cap.

Note) Slowly pour coolantin to let the air be discharged from

radiator and press the hose connected to it to
discharge the air inside.

8. Start the engine to let the cooling fan rotate 2 or 3 times.
When the engine is warmed up, increase the engine
RPM two or three times.

9. Stop engine and wait until engine is cooled.

10.

11.

Remove the radiator drain plug and drain water.

Repeat the above mentioned processes from 1 to 8 until
the drained water becomes clear.

12. Press the hose connected to the radiator to discharge the
air from inside of the radiator and slowly fill the radiator
with the coolant at the specified mixing ratio to let the air
be discharged from the radiator.

Note) Use recommended genuine antifreeze.

/A CAUTION

¢ Do not mix antifreezes from different manufac-
turers.

¢ Do not mix the coolant with different concentra-
tions.

¢ Do not add antitrust which is not recommended by
us.

¢ As insufficient coolant concentration may cause
corrosion or freezing, on the other hand, an exces-
sive concentration may degrade the cooling perfor-
mance. Mix coolant with 40% antifreeze and 3~5%
additives (DCA4) to prevent corrosion.

13. Operate the engine at idle after starting. When cooling
fan is running and coolant is circulated, remove radiator
cap and replenish coolant through the inlet.

14. Replenish coolant until the cooling fan rotates 3 ~ 5
times.

15. Replenish coolant to the upper limit of the supplementary
tank and then install radiator cap.

16. Operate the engine at idle until the cooling fan rotates 2
~ 3 times.

17. Stop the engine and wait until the engine and the radiator
are cooled.

18. After checking the coolant level in the supplementary
tank, replenish coolant until the tank level stays between
the upper and lower limit without changing.

Note) After replenishing coolant, check the coolant level of

the supplementary tank for at least two or three days.

/A CAUTION

After replenishing coolant, check the coolant level of
the supplementary tank for at least two or three days.

A WARNING

Discard exchanged coolant according to the regula-

tions set forth by the relevant authorities. Disposing of
exchanged coolant into the ground, sewers, drains,
rivers, or the sea will cause serious environmental
pollution. Violation of regulations regarding discard of
engine oil without observing the handling regulations,
will be punished.
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Lubrication system

General Information

Engine oil lubricates, cools, seals, prevents corrosion, and
cleans engines, enhancing engine performance and
extending the engine's lifetime. If a vehicle is continuously
driven while engine oil is insufficient, the moving parts of the
engine may get stuck, causing engine faults.

Engine oil should be checked through the oil level gauge and
replenished if required. Oil level should be checked while the
engine is stopped. To check the oil level, turn off the engine
while it is running and wait for 5 ~10 minutes to allow the
engine oil to flow back into the oil pan. The engine oil level
should indicate between the upper limit and the lower limit of
the oil level gauge.

Engine oil should be periodically replaced based on the
regular inspection table and the oil filter and the cartridge
should be replaced as the engine oil is replaced.

/A CAUTION

The engine is capable of operating in all directions with
a maximum tilted angle of 55° for a short period of time
when the oil level is at its highest.

However, such usage is not recommended as it can
lead to engine damage.

Engine Oil Standards

Use the specified engine oil suitable for the environment and
conditions of the site where the engine will be used.

Engine Oil Viscosity by Temperature

| W | SAE 10W-30 |

| SAE 5W-30 |

(I SAE o|w-30 |

Ambient -30°C -20°C 0°C 20|°C 40°C
Temperature  (-22°F) (-4°F) (+32°F) (68 °F) (104°F)
4 SAE |0w-4o |
h | SAE 5W-40 |
B SAE 10W-40

1B SAE 15W-40

|
EDL02180008
Please use the engine oil which satisfies the following recommended specifications.
Engine Model SAE Classification Oil Class

DMO02-MFPOO/MFP0O1/MFP02/MFP03/
LEPOO/LEPO1/LEPO2/LEPO3

SAE 10W30/40

API CJ-4 (500hr interval) /
API CK-4 (1,000hr interval)

Note) Use our genuine oil recommended by us.
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Engine Oil Capacity
Please replenish the engine oil based on the following
recommended oil injection amount.

Engine oil capacity ( ¢)

Engine Model Inside of the oil pan
Max. Min.
DMO02-MFPOO/MFPO1/
MFP02/MFPO3/LEP0OO/ 8.6 4.5
LEPO1/LEP02/LEPO3

Checking the Engine Oil

1. Move the engine to a flat surface to maintain the engine
level.

2. Start the engine and then stop it when it reaches the
normal temperature.

3. Wait for 5 ~ 10 minutes.

4. Pull the oil level gauge upward to pick it out.

M

1) Check the position of the oil level gauge.

2) Itis mounted beside the oil filter at the side of the engine.

3) Pull the ring of the oil level gauge to pick it out.

5. Clean the indication line of the oil level gauge with clean
cloth.

/A CAUTION

Cleaning the indication line of the oil level gauge with
dirty cloth allows the foreign substances to get into the
engine, causing engine faults.

6. Insert the oil level gauge again.

(O
I/

1) Insert the oil level gauge again by using the ring.

2) If the dipstick doesn't slide in, rotate it 180° and try again.

7. Pull the oil level dipstick upward to pull it out.

EDL022152A

1) Check if the oil is smeared between the upper limit (A)
and the lower limit (B) of the oil level gauge.

2) If engine oil is smeared below the lower limit (B) or not
smeared on the gauge at all, replenish engine oil.

3) Check condition of engine oil. If it is polluted, replace it
with new oil.
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Replenishment of Engine Oil

Replacement of Engine Oil
e Tightening Torque

ACAUTION Component Tightening Torque
Be careful not to let foreign substances flow into the Drain plug 3 kgf-m
engine when removing the oil cap. X X
* Oil capacity
1. Remove the oil cap on the top of the engine.
Engine oil capacity ( ¢)
Engine Model Inside of the oil pan
Max. Min.
DMO02-MFPOO/MFPO1/
MFP02/MFPO3/LEP00O/ 8.6 45

LEPO1/LEPO2/LEP0O3

ED24190137

2. Add our recommended genuine oil to replenish the oil
level.

1) Add our recommended genuine oil by dividing it into
several portions for replenishment.

2) Wait for about 1 ~ 2 minutes and then check the engine
oil level.

3) Check whether the oil is smeared between the upper limit
and the lower limit of the oil level gauge.

4) Repeat the above process until the engine oil level
reaches the appropriate level.

/A CAUTION

¢ Be careful not to let foreign substances flow into the
engine when replenishing engine oil.

e Exceeding the upper limit of the oil level gauge may
cause engine faults. If you have exceeded the upper
limit of the oil gauge, drain it until the engine oil level
is indicated between the upper limit and the lower
limit of the oil level gauge.

* Do not use unspecified engine oil additives.

3. Complete engine oil replenishment and cover the oil cap.

/A DANGER

¢ Prolonged and repeated contact of skin with engine
oil may lead to shrinking, dryness of skin and even
cause dermatitis.

¢ Do not expose skin with exchanged engine oil for a
long period.

¢ Always wear work clothes and gloves.

¢ When skin is stained with engine oil, immediately
wash it with water, soap or hand cleaners.

¢ Do not clean skin with gasoline, fuel, thinner, or
solvent.

¢ Apply a skin protective cream after cleaning from
oil.

¢ Do not put oil-stained gloves or cloth in pockets.

A WARNING

Discard exchanged oil according to the regulations set
forth by the relevant authorities. Disposing of
discharged oil into the ground, sewers, drains, rivers,
or the sea will cause serious environmental pollution.
Violation of regulations regarding discard of engine oil
without observing the handling regulations, will be
punished.

/A CAUTION

When exchange the New Oil filter, Please dispose of the
Old Oil and filter.




4. Regular inspection

1. Drain engine oil.

EDL022160A

1) Place a container under the engine to drain the engine
oil.

2) Remove the drain plug B and drain the engine oil.

3) Remove the oil cap A.

2. Remove the oil filter A.

ED24190136

1) Disassemble oil filter A with the filter wrench.

/A CAUTION

Oil in the filter may run down while detaching the oil
filter. Be careful not to contaminate the other parts by
using a cloth when detaching the filter. After replacing
the oil filter, wipe clean any other parts which the oil
has touched.

Use genuine oil filter.

2) Cleanly wipe the surface on which the oil filter is
mounted.

3) Thinly spread engine oil over the rubber packing B of the
new oil filter A.

4) Temporarily assemble the new oil filter by rotating it by
hand.

5) Assemble the oil filter with the filter wrench at a torque of
16 ~ 20 N'm.

3. Add the engine oil.

EDL022160A

1) Connect the drain plug B at a torque of 3.0 kgf-m.

2) Disassemble the oil level gauge.

3) Inject genuine oil recommended by Hyundai Doosan
Infracore.

Note) Inject 1/2 of specified oil and then wait for about 1

minute. Then inject the other 1/2 of oil.

4) Assemble the oil cap A.

5) Assemble the oil level gauge.

6) Remove the engine oil drain container from under the
engine.

4. After this, perform the final inspection.

1) Check if engine oil leaks after starting the engine.

2) Startthe engine and then stop it when it reaches a normal
temperature.

3) Wait for 5 ~ 10 minutes.

4) Check the engine oil level with the oil level gauge.

/A CAUTION

Adding oil which exceeds the upper limit of the oil level

gauge may cause engine faults. If you have injected
engine oil far over the upper limit of the oil level gauge,
drain it until the engine oil level indicates somewhere
between the upper and lower limit of the oil level gauge.
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Fuel system

General Information

Fuel quality is an important factors in satisfy standards for
engine performance, engine lifetime, and emissions.
Hyundai Doosan Infracore engines are designed to use

diesel fuel available in the area where the engines are sold.

/A CAUTION

¢ Use clean, specified, and qualified fuel only. Using
irregular or unspecified fuel may cause critical
damage and faults to the engine.

¢ Inject fuel while the engine is stopped.

Fuel Standards

To maintain the optimum engine performance, refer to the
following recommended fuel table to select the appropriate
fuel.

e Ultra Low Sulfur Diesel

Fuel Ingredients Standard
Specific Gravity (kg/lit)| 0.820 ~ 0.845
Fire Point (°C) Above 40
Viscosity (40 °C) (cSt) 1.9~55
Sulfur Content (wtppm) Below 15
Cloud Point (°C) -
Pour Point (°C)| Below-17.5
t;vg;;rgr;ir;tture filter C) Below -16
Color (ASTM) Below 2.5

; o
C:;E‘:i;g&g??élgﬁ) (wt) (%)| Below0.15
Total acid value (mg KOH/g)| Below 0.40
Back plate corrosion rate
(100 °C, 3 hours) Below 1
Ash Content (mass %)| Below 0.01
Moisture and Precipitation (vol. %)| Below 0.02
Cetane Index Above 45
50 % Distil-
Distillation Test Tempera- | /ation Point ]
ture o/ Mics:
ation pat | 590390

Note) High sulphur content in diesel fuel Hyundai Doosan
Infracore diesel engines can be operated with fuels
whose sulphur content is max. 15wtppm.

Injector & Fuel Return Hose

Be careful to avoid damage for fuel return hose of injector.
Don't press on the fuel hose, don't drop heavy tool like as
spanner on engine, don't step on fuel hose, don't stand on
engine.

If the fuel hose are broken by wrong handling, it is possible
fire.

EDMO02200235
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4. Regular inspection

Fuel Filter

It is used to remove water and foreign materials from fuel in
order to send clean fuel to the fuel injection pump.

/A\CAUTION

¢ Make sure to check the fuel filter and drain water
from it periodically. Otherwise, water may enter the
engine fuel system, causing a serious problem to the
fuel injection pump, fuel injection pipe, common rail,
injector, etc. Also, it can deteriorate or damage the
fuel filter.

¢ When draining water from the fuel filter, fuel may be
drained as well. Fuel is highly flammable. Keep a lit
cigarette or flame away from the engine during
draining water from the filter.

e Use the specified clean quality fuel only. If using fuel
other than the specified one, more water can be
accumulated in the fuel filter.

e If water is not drained from the fuel filter when the
fuel filter warning lamp is turned on, water may enter
the fuel system, causing engine stall.

¢ A new fuel filter should be installed without fuel in it.
Never add fuel in the used fuel filter or fuel tank to a
new fuel filter.

Replacement of Fuel Filter

Remove the WIFS (water in fuel sensor) connector.

EDL02170031

1) Arrange the engine filter to prevent any interference.
2) Remove the WIFS (water in fuel sensor) connector from

the fuel filter.

2. Remove the fuel filter.

EDL02170032

1) Turn counterclockwise and loosen the fuel filter.

53



4. Regular inspection

3. Replace the fuel filter. 5. Install the fuel filter.

EDL02170033 EDL02170034

1) Prepare a new fuel filter. 1) Turn the fuel filter clockwise until its gasket reaches the
cap of the fuel filter.

/\CAUTION 2) Tighten the fuel filter to 3/4.

6. Connect the WIFS (water in fuel sensor) connector.

¢ Use the genuine fuel filters we recommend. Use of

irregular or recycled parts may lead to critical fail-
ures in the engine.

¢ A new fuel filter should be installed without fuel in it.

¢ Do not reuse old fuel in to the New fuel filter.

¢ Never add fuel in the used fuel filter or fuel tank to a
new fuel filter.

4. Apply oil to the gasket.

EDL032813A

1) Connectthe WIFS (water in fuel sensor) connector to the
fuel filter.

2) Keep the fuel filter and the surroundings clean and out of
foreign substances such as fuel.

7. Bleed air out of the fuel delivery line.

EDL032813D
1) Apply oil to the gasket of the fuel filter.
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4. Regular inspection

Air Bleeding in the Fuel Circuit 3. Fasten the air discharging valve.

1. Loosen the air discharge valve.

EDL02170035

EDL02170035 1) Turn clockwise and fasten the air discharging valve (A).

1) Turncounterclockwise and loosen the air discharge valve
(A) on top of the fuel filter. Fuel Filter Draining
2. Bleed air out of the fuel delivery line. 1. Loosen the drain valve.
A
B

EDL02170036 EDL02170037

1) Pump with the pump handle (B) until fuel is discharged 1) Loosen the drain valve (A) at the bottom of the fuel filter.

through the air discharge valve (A).

/A CAUTION

Do not use tools to loosen the drain valve. Use of tools
may damage the drain valve.
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2.

Drain the fuel filter.

3. Tighten the drain valve.

EDL02170037

1) Discharge water from the fuel filter through the drain

valve (A) for about 10 seconds.

/A CAUTION

Periodically check the fuel filter and drain the water
from it. Otherwise, moisture may flow into the fuel
unit of the engine, resulting in critical faults in the
fuel injection pump, the fuel injection pipe, the
common rail, and injectors. In addition, the perfor-

mance of the fuel filter may be degraded or damaged.

Fuel may be drained when water is drained from the
fuel filter. Fuel is highly inflammable. Fire may occur
when you smoke or use fire near the engine when
draining water from the fuel filter.

Use clean, specified, and qualified fuel only. Using
irregular or unspecified fuel may result in more water
in the fuel filter.

Drain the water from the fuel filter if the fuel filter
alarm lamp is turned on. Otherwise, moisture may
flow into the fuel unit, causing the engine to stop.

EDL02170037

1) Tighten the drain valve (A) at the bottom of the fuel filter.

/A CAUTION

Do not use tools to loosen the drain valve. Use of tools
may damage the drain valve.
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4. Regular inspection

Others/driving system

Belt Tension

1. The belt is equipped with an auto tensioner which auto-

matically adjusts the belt tension so there is no need for
extra adjustment of the tension.
During daily inspections, be sure to inspect whether the
pointer on the auto tensioner is indicating that it is time for
a replacement, as well as whether there is any damage
to the belt due to external factors.

* Replacing the Micro V-Belt if necessary
Replace the belt set in the event that the pointer on the
auto tensioner indicates that it is time for a replacement,
or cases where damage to the belt from external factors

has been confirmed and there are concerns of severe EDM03190329

damage occurring. ¢ The vertical rod shown by the arrow is the "pointer," and

the belt replacement period is indicated when this
"pointer" enters the horizontal range shown in orange.
Note) The minimum/maximum range indication is a
reference value; the belt must be inspected according
to its maintenance schedule.

0° 26°
ED24190098
¢ Inspecting the condition \
Inspect the Micro V-belt for cracks, oil, overheating and ‘ ‘
wear.
EDMO02190122
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5. About the engine

Marking system of units

Item Number Sl Unit | US Unit
Unit Conversion Methods
Power 1.340483 kw Hp
The following methods show how to convert Sl units to US
units and vice versa. 0.01 kPa bar
1. To convert an Sl unit to a US unit, multiply a SI unit with 7.500615 kPa mmHg
the number in the following table. Pressure
Note) (SI Unit) X (Number) = (US Unit) 20.88543 kPa lo/ft?
Note) 1mm X 0.03937 = 0.03937 in 14.2233 psi kg/cm2
2. To convert a US unit to an Sl unit, divide the US unit by
the number in the following table. Eloctric P 1.3596 kw PS
. . ectric Power
Note) (US Unit) + (Number) = (Sl Unit) 0.98635 ps hp
Note) 1in + 0.03937 = 25.4 mm
Fuel Con- 0.00162 g/kwh | Ib/psh
ltem Number Sl Unit | US Unit sumption
0.03937 mm in 0.000947817 J BTU
3.28084 m ft Energy 0.7375621 J Ibf-ft
Length
1.093613 m yd 0.0002777778 J Wh
0.621371 km mile Luminous Flux 0.09290304 Im/m2 | Im/ft2
0.00155 mm?2 in2 Speed 0.6213712 km/h mph
0.1550 cm? in2 Temperature c °C °F
Area
10.76391 m? ft2 a. 9.806 x (kg-f) = (N)
b. 9.806 x (kgf:-m) = (N-m)
1.19599 m? yd2 c. {(9/5) x (°C)+32} = (°F)
{(°F)-32} x (5/9) = (°C)
2.204623 kg Ib
Weight
0.001 kg t (ton)
0.061024 cc in3
0.061024 ml in3
Volume 0.061024 cm? in3
61.023744 L in3
0.264172 L gal
2.204622 kgf Ibf
Force?
0.2248089 N Ibf
3.28084 m/s? ft/s?
Acceleration
39.37008 m/s? in/s?
7.233014 kgf-m Ibf-in
86.79619 kgf-m Ibf-in
Torqueb
0.7375621 N-m Ibf-ft
8.850748 N-m Ibf-in
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5. About the engine

Tightening torque

Tightening Torque of Main Parts

Screw Strength Tightening torque
Major parts (Diameter x pitch) (Grac?e) ° (kgf.g:n) K Remark
. . . o o Not reusable
I';"j;”(;f:f'gg:fp M12 x 1.5 10,97 | nitial s'ii;?]';z g;”igi? 90 x4 (Tier-4 Final,
Stage-V all)
. ) » o o Not reusable
:)"Oa:;"(ggz)r'”g cap M12 x 1.5 12,97 | nitial s'iz?]';z g;”ﬂ? 90 x4 (Tier-4 Final,
Stage-V all)
Cylinder block & |Bed plate bolt M8 x 1.25 8.8T 2.2 +0.22
Bed plate Plug, screw (PT) PT 3/8 - 6.5 0.5
Plug, screw
Water drain plug M12x 1.5 - 3.0+£0.3 Oil filter ass'y
(D18, D24)
Plug, screw
Water drain plug M12x 1.5 - 5.0 £0.5
(D34)
Oil spray nozzle valve M10 x 1.25 - 2+0.2
Not reusable
Flywheel housing, bolt M10x 1.5 10.9T 6.2 +0.62 (Tier-4 Final,
Stage-V all)
Not reusable
CRS V pulley, bolt M14 x 1.5 10.9T 26 +1 (Tier-4 Final,
Stage-V all)
Connecting rod bolt (D18, D24) M8 x 1.0 10.9T 1st: 2.0 0.1/ 2nd: 90" +4°
Connecting rod bolt (D34) M9 x 1.0 10.9T 1st: 3.0 £0.15/2nd: 90" +4°
MBS bolt (D34, option) M10x 1.5 10,97 | 'Mitial€.00.3+angle 90 4
+ angle 90 =4
Flywheel bolt (25 mm, option
fof ft ypo fIyENheeI ption) M12 x 1.5 12.9T 15 £0.75
Flywheel bolt (43 mm, option) M12x 1.5 10.9T 1st: 7 £0.35/2nd: 45 +4 Not reusable
o o Not reusable
Head bolt (D18, D24) M11x1.25 oT ln;t,ﬂ:'gof(i'f°++2nng;feggoo°ii° (Tier-4 Final,
Stage-V all)
Initial 4.5 +0.23 + angle 90° +4° Not reusable
+angle 90" +4° (Tier-4 Final only)
Head bolt (D34) M12x 1.25 9T — —
Initial 6.0 +0.3 + angle 90 +4 Not reusable
+angle 90° +4° (Stage-V only)
Head cover bolt (LH, RH) M6 x 1.0 8.8T 1 +0.1
Head cover bolt (Main) M6 x 1.0 8.8T 1+0.1
EX manifold bolts M8 x 1.25 (60mm) | 10.9T 3.4 +0.3
Injector fixture bolts M8 x 1.25 12.9T 4.4 +0.4
HP pump drive gear nut M18 x 1.5 - 8.2 +0.5
HP pump MTG nut M8 x 1.25 - 2.2 +0.22
HP pipe nut - injector to rail Union nut - 3.0+0.3
HP pipe nut - rail to pump Union nut - 3.0+0.3
Thermostat MTG space bolt M8 x 1.25 8.8T 2.2 +0.22
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5. About the engine

Major parts lameterxphet) Grnde) | gty Remark
Thermostat plug UNF 3/4 - 16 - 1.75 £0.25
Oil pan drain plug UNF 3/4 - 16 - 3+0.3
Glow plug body M8 x 1.0 - 1.05 £0.15
Glow plug terminal M4 x 0.7 - 0.165 +0.035
Turbocharger hollow screw M10x 1.0 - 1.9 0.1
Turbocharger MTG nut M8 x 1.25 - 2.2 +0.22
Water pump MTG nut M8 x 1.25 - 2.2 £0.22
Rocker arm adjusting hex nut M8 x 1.0 - 1.5 +0.15
Camshaft thrust washer bolt M8 x 1.25 8.8T 221022
Idle gear shaft bolt M10x 1.5 8.8T 4.4 +0.44
Rocker arm Brkt bolt M8 x 1.25 8.8T 2.2 +0.22
PTO housing bolt M10x 1.5 12.9T 4.4 +0.44
PTO (D24) M8 x 1.25 8.8T 2.2 +0.22 Stage-V only
M8 x 1.25 8.8T 2nd: 2.2 £0.22 Stage-V only
PTO (D34) M10x 1.5 12.9T 1st: 4.4 £0.44 ('\_'r?;rriu:k:s
Alternator nut M8 x 1.25 - 2.2 +0.22
Alternator bolt M8 x 1.25 8.8T 2.2 +0.22
Starter nut M10x 1.5 - 4.4 +0.44
Idle pulley ass'y bolt M10x 1.5 - 4.5 +0.5
Extension hose Brkt bolt (Fuel) M12 x 1.75 8.8T 5.5 +0.55
Worm drive type clamp - - 0.6 +0.09
Band clamp (DOC & SCR) - - 1.4 +0.1
V-clamp (Exhaust pipe) - - 1.0 +0.1
Qil pressure sensor M14 x 1.5 - 1.0 0.1
EGT sensor* M14 x 1.5 - 4.0 0.5
Water temp. sensor M12x 1.5 - 2.5+0.3
* EGT sensor Stage-V only.
Tightening Torque of General Bolts
Tightening Torque of Key General Bolts
Strength Nominal Diameter X Pitch (mm)
Classific M6 x 1 M8 x 1.25 M8 x 1 M10x1.5 | MI0x1.0 |[M12x1.75| M12x1.5 | M14x 1.5
ation Tightening Torque (kgf.m) +10%
8.8T 1 +0.1 2.2+0.22 2.4 +0.24 4.4 +0.44 5+0.5 7.5 +0.75 8+0.8 13+1.3
10.9T 1.25+0.13 | 3.1+0.31 | 3.35+0.34 | 6.2+0.62 7 +0.7 10.5+1.05 | 11.2+1.12 | 18.5+1.85
12.9T 1.5 +£0.15 3.8 £0.38 4.1 +0.41 7.4 +0.74 8.4 +0.84 125 +1.25 | 13.4 £1.34 22 +2.2
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Engine disassembly

Procedure of Disassembling an Engine

/A CAUTION

¢ Prepare tools and genuine parts necessary before
disassembling engine.

¢ Prepare a shelf for the storage of removed parts.

e Perform repairs in a light and clean space.

¢ Keep hands clean while performing repairs.

¢ Keep parts removed from the engine in the order of
disassembly.

¢ Do not allow parts removed from the engine to
touch each other or be mixed with other parts.

Disassemble the engine in the following order.
1. Drain coolant.
1) Check if the engine and radiator are cooled.
) Place a container in front of the coolant drain plug.
3) Remove the radiator cap.
) Remove the coolant drain plug of the radiator and then
drain coolant.
5) After completing coolant drain, reconnect the coolant
drain plug.

/A DANGER

¢ If the radiator cap is opened while the engine is hot,
hot water will spurt out and may cause serious
burns. Open the radiator cap after making sure that
the engine has been fully cooled.

¢ Mark and separately manage the containers for
storing coolant from beverage containers to avoid
confusion. See a doctor immediately in case of
drinking coolant.

/A WARNING

Discard coolant according to the regulations set forth
by the relevant authorities. Disposing of discharged
coolant into the ground, sewers, drains, rivers, or the
sea will cause serious environmental pollution. Viola-
tion of regulations when discarding engine oil without
observing the handling regulations, will be punished.

/A CAUTION

Be careful not to get coolant on any belts or electric
apparatus when replacing the coolant.

2. Drain the engine oil.

EDL022160A

1) Place a container under the engine to drain the engine
oil.

2) Remove the oil cap (A).

3) Remove the drain plug (B) and drain the engine oil.

/AWARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into
the ground, sewers, drains, rivers, or the sea will cause

serious environmental pollution. Violation of regula-
tions when discarding engine oil without observing the
handling regulations, will be punished.

3. Detach the air cooler and cooling fan from engine.

4. Detach the engine from the machine.

5. Disconnect the cables and harness connected to each
sensor of the engine.

6. Remove the V-belt.

ED24190098




5. About the engine

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley

by using a space generated by the rotation of the auto
tensioner.

7. Detach the alternator.

ED24190099

1) Loosen the upper/lower bolt and remove the alternator.
2) When loosing bolt, take care not to lose nut.
8. Detach the starter.

2Z10)

VTR \
|

3]
] | ‘

‘ LI |
=

|
LI L 1
ED24190100

[Re=ad)
]

1) Loosen 3 flange nuts.
2) Detach the starter.

9. Remove the flywheel.

ED24190131
1) Loosen 8 flange hex bolts.
2) Remove the flywheel.
10. Remove the flywheel housing.
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ED24190102
1) Loosen 8 hex bolts.
2) Remove the flywheel housing.
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5. About the engine

11. Disconnect the breather hose.

QA
)

4) Remove the intake stake from the intake manifold.
13. Disconnect oil level gauge and coolant hose.
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ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.
12. Disconnect the throttle (inlet pipe) and the intake stake.
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1) Loosen 3 hex bolts.

2) Remove the throttle (inlet pipe) and the gaskets from the
intake stake.

3) Loosen 3 hex bolts.
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3)
4)
5)
6)

ED24190105

Loosen the flange hex bolt.

Remove the hose clamp.

Disconnect the coolant hose.

Remove the oil level gauge.

Loosen the flange hex bolt.

Disconnect the oil level gauge guide tube.

14. Remove the turbocharger.

1)

2)

3)
4)
5)
6)

ED24190106
Loosen 2 hex bolts and remove the heat screen.

(if needed)

Loosen 2 hollow screws and disconnect the oil delivery
pipe.

Loosen 4 flange hex bolts.

Disconnect the oil return pipe.

Loosen 4 flange hex nuts.

Remove the turbocharger and the gasket.
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15. Remove the EGR cooler.

17. Remove the exhaust manifold.
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4

) Remove the hose clamp.
) Disconnect 2 hose.

) Loosen 5 flange hex bolt.
)

Remove EGR cooler and 2 gasket.

/A\CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

16. Remove the thermostat.

ED24190109

1) Loosen 4 flange hex bolts.

2) Remove the heat shield.

3) Loosen 8 flange hex bolts.

4) Remove the exhaust manifold and the gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

ED24190108

1) Remove the hose clamps.

2) Disconnect the rubber hose.

3) Loosen 2 flange hex bolt, 2 space bolt and 2 flange hex
nut.

4) Remove thermostat.
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18. Remove the coolant pump pulley.

ED24190110

1) Loosen 4 hex bolts.
2) Remove the coolant pump pulley.
19. Remove the coolant pump.

1) Loosen 4 hex bolt and 2 flange hex nut.
2) Remove the coolant pump and the gasket.
20. Remove the lifting hooks.

1) Loosen flange bolt.
2) Remove the lifting hooks.
21. Disconnect the fuel return hose.

1)
2)
3)
4)
5)
6)
7)
22.

Open the adopter (B) of injector return hose (A).
Loosen the injector return hose (A).

Remove the edge clip (C).

Loosen the hose clamp (D).

Remove the cable tie (F), (C).

Disconnect the quick connector (H).
Disassemble the fuel return hose (A) and (E).
Disconnect the fuel injection pipes.
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1) Loosen the nuts connected to the injector and the
common rail.
2)

3)

Disconnect the fuel injection pipes.
Loosen the nuts connected to the common rail and the
fuel injection pump.

68



5. About the engine

4) Disconnect the fuel injection pipes.

25. Detach the oil cooler and the oil filter module.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.
If fuel injection pipes and clamp are reused it may allow

foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.

23. Detach the common rail.
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1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.
24. Disconnect the EGR valve.

1)
2)
)
)

Remove the hose clamps.

Disconnect the hose.
Loosen 4 flange hex bolt.
Remove EGR valve and gasket.
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ED24190025

1) Detach the oil filter with the filter wrench.

/A CAUTION

Oil in the filter may run down while detaching the oil
filter. Be careful not to contaminate the other parts by
using a cloth when detaching the filter. After replacing
the oil filter, wipe clean any other parts which the oil
has touched.

2) Remove the oil filter module and the O-rings.

3) Loosen 3 flange hex bolts.

4) Remove the oil cooler and the O-rings from the oil filter
module.

26. Remove the intake manifold.

ED24190117

1) Loosen 13 flange hex bolts.

2) Remove the intake manifold and the gasket.
3) Loosen 2 flange hex bolts.

4) Remove EGR mixer and gasket.
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27. Remove the right cylinder head cover.

29. Disconnect the glow plugs.

1)
2)

ED24190118

Loosen 10 flange hex bolts.
Remove the right cylinder head cover.

28. Remove the injector.

1)
2)
3)

Loosen 4 hex bolts.
Remove 4 injector fixtures.
Remove 4 injectors.

Note) Remove the cylinder head cover and remove the

injector seal ring washers.

/A CAUTION

Be careful not to damage the injector oil seal of the
cylinder head cover.

Remove it by turning the injector slowly from left to
right.

Do not reuse the injector seal ring washers. Reuse
of the injector seal ring washers may cause critical
damage to the engine due to unstable combustion.

1) Loosen 4 hex nuts.

2) Remove the electric connector.
3) Disconnect 4 glow plugs.

30. Remove the cylinder head cover.

1) Loosen 12 hex bolts.
2) Remove the cylinder head cover.
31. Remove the rocker arm.

ED2419004
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1) Loosen 10 flange hex bolts. 34. Remove the valve spring.
2) Remove the rocker arm.
32. Remove the push rods.

ED24190050
= r,j 1) Remove the calipers.
ED24190048 2) Compress the valve with the valve spring compression
1) Remove the push rods. tool.
33. Detach the cylinder head. 3) Remove the valve cotters.

4) Remove the valve spring retainers.
5) Remove the valve springs.
35. Remove the valves (A).

&

ED24190049

1) Loosen 18 cylinder head bolts.

2) Detach the cylinder head.

3) Remove the cylinder head gasket. EDL022033A
1) Remove the valves (A) from the cylinder head (B).

2) Remove the valve stem seals (C).
3) Remove the spacer seal rings (D).
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36. Remove the crankshaft pulley.

ED24190120

1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.

/A CAUTION

Be careful not to damage the oil seal.

ED24190121

1) Loosen the flange hex bolt and remove the auto
tensioner.

2) Loosen the fixing bolt and remove the crank speed
sensor.

3) Loosen 16 hex bolts.

4) Remove the timing gear case.

37. Remove the timing gear case.

ED24190138

/A CAUTION

Do not reuse the oil seal; replace them with new ones.

38. Remove the timing wheel.

ED24190122

1) Remove the timing wheel.
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39. Remove the fuel injection pump.

ED24190034
1

)

2)

3) Loosen the flange hex nut.
)
)

Loosen 3 flange hex nuts.

Remove the fuel injection pump.

4
5

Remove the collar.
Remove the O-ring from the collar.

/A CAUTION

Do not reuse the O-ring; replace with a new one. Reuse
of the O-ring may cause critical damage to engine
performance to occur.

40. Remove the PTO (Power Take Off) cover & gasket.

RN - -
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EDM02200044

EDMO03190319
1) Remove 4 inner socket bolts from the PTO (Power Take
Off) cover & gasket.
2) Remove the PTO (Power Take Off) cover & gasket.
41. Remove the oil pan.

EDMO02190066

1) Remove the drain plug.

2) Remove the O-ring.

3) Loosen 26 flange hex bolts.
4) Remove the oil pan.
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44. Remove the idle gear.

42. Disconnect the oil suction pipe and oil delivery pipe.

EDMO02200045

ED24190036

1) Loosen 3 flange hex bolts.

1) Loosen 2 hex bolts.

2) Remove the idle gear shaft.
3) Remove the idle gear.

2) Remove the oil suction pipe and 1 O-ring.

3) Loosen 2 hex bolts.

(A).

45. Remove the crank case

-rings.

4) Disconnect the oil delivery pipe and 2 O

43. Remove the oil pump.

EDL022046B

ED24190124

1) Loosen 4 hex bolts.

2) Remove the oil pump and 2 O-rings.

EDL022051A
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5. About the engine

1) Remove the rear oil seal (E) with oil seal disassembly jig. 48. Remove the valve tappets (A).

/A CAUTION

Do not reuse the oil seal; replace it with a new one.

2) Loosen 16 hex bolts (B).

3) Loosen 10 main bearing cap bolts (C).

4) Remove the crank case (A).

5) Loosen 5 bottom main bearings (D) from the crank case
(A).

46. Remove the crankshaft (A).

EDL022049A

1) Remove 8 valve tappets (A) from the cylinder block.
49. Disconnect the oil spray nozzles (A).

EDL022047B

1) Remove 2 thrust washers (B).

2) Remove the crankshaft (A).

3) Remove the top main bearings (C) from the cylinder
block.

47. Remove the camshaft. EDL022050B

1) Remove 4 relief valves (B).
2) Remove 4 oil spray nozzles (A).

ED24190126

1) Loosen 2 hex bolts.
2) Remove the camshaft.
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Engine assembly

Procedure of Assembling Engine

/A CAUTION

Cleanse all disassembled and disconnected parts.
Especially, clean the oil and coolant path with
compressed air and check if there is any resistance.
Arrange general tools and special tools for engine
assembly.

Prepare clean engine oil to be applied on each
sliding component.

Prepare repair materials such as sealant and
gaskets.

Replace used gaskets, seal rings, and expendable
parts with new ones.

Each bolt should be tightened with the specified
tightening torque in the order of tightening;
however, excessive tightening torque should be
avoided.

Ensure that all engine parts are successfully oper-
ating after reassembly.

Check if any bolts are loose after the first assembly.
Always keep hands clean during assembly.

Assemble the engine in the following order.

1.

Attach the oil spray nozzles (A).

EDL022050B

1) Attach 4 oil spray nozzles (A) to the corresponding pins.

2) Mount 4 relief valves (B) at a tightening torque of 2.0

kgf-m.

2. Connect the valve tappets (A).

EDL022049A

1) Apply engine oil on the surface where the cylinder block

and the valve tappets (A) are assembled.

2) Connect 8 valve tappets (A).
3. Attach the crankshaft (A).

EDL022047B
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5. About the engine

1) Mount 5 top main bearings (C) to the cylinder block.

/A CAUTION

e Bearings with a groove are the top main bearings on
the cylinder block side and bearings without a
groove are the bottom main bearings on the crank
case side.

* Remove foreign substances such as residues and
sealant (TB1217H) from the inside of the main bear-
ings and the oil seal assembly bore.

¢ Do not apply engine oil on the surface where the
cylinder block and the main bearings are assem-
bled.

¢ The class of the main bearing bore inside diameter
of the cylinder block is engraved on the cylinder
block and the class of main journal diameter of the
crankshaft is engraved on the crankshaft. For the
engraving positions, see the Engine Unique Number
of Chapter 3 (Performance and Specifications).

¢ Select the proper main bearing class by checking or
measuring the class of main bearing bore inside
diameter of the cylinder block and the class of the

Inside diameter of the cyl-
inder block main bearing Specified Value
bore
Class A 62.000 ~ 62.007 mm
Class B 62.007 ~ 62.014 mm
Class C 62.014 ~ 62.021 mm

Note) For the method to measure the inside diameter of the
cylinder block main bearing bore, refer to Chapter 10
Cylinder Block/Head.

Cra"kszai':m":t’g: journal Specified Value
Class A 57.955 ~ 57.960 mm
Class B 57.960 ~ 57.965 mm
Class C 57.965 ~ 57.970 mm

Note) For the method to measure the crankshaft main
journal diameter, refer to Chapter 12 Others/Driving
Units.

main journal diameter of the crankshaft. Thickness _°f Main Bear- Specified Value
¢ The top main bearing class should be same as the n9
bottom main bearing class. BLUE 1.995 ~ 2.000 mm
YELLOW 2.000 ~ 2.005 mm
2) Sufficiently apply engine oil on the surface where the top
main bearings (C) and the crankshaft (A) are assembled. RED 2.005 ~ 2.010 mm

3) Attach the crankshaft (A).
4) Mount 2 thrust washers (B).

/A CAUTION

Align the key groove of the cylinder block with the key
of thrust washer.

Note) The class of the main bearing is as follows.

Inside diameter of | Crankshaft main journal diameter

the cylinder block

main bearing bore Class A Class B Class C
Class A YELLOW BLUE BLUE
Class B YELLOW | YELLOW BLUE
Class C RED RED YELLOW

4. Attach the camshaft.

ED24190126

1) Apply engine oil in the cam hole of the cylinder block.

2) Apply engine oil on the camshaft journal.

Note) Ensure that the camshaft journal and the inside of the
cylinder block bush are normal.

3) Align the thrust washer with the cylinder block part.

4) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.
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Note) Temporarily mount one hex bolt manually and then

rotate the camshaft gear to tighten the other hex bolt.

5) The camshaft end play is 0.1 ~ 0.2 mm.

Specified Value

0.1t0 0.2 mm

Item

Camshaft end play

5. Assemble the crank case (A).
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5. About the engine

1) Mount 5 bottom main bearings (D) to the crank case. 6) Tighten 10 main bearing cap bolts (C) at a tightening
torque of 5.5 kgf-m(x5%) + 90°(£4°) + 90°(x4°) by using
ACAUT'ON the angle method.
e Bearings with a groove are the top main bearings on
the cylinder block side (N) and bearings without a ACAUTION
groove are the bottom main bearings on the crank * Tighten the main bearing cap bolts with the angle
case side. method.
¢ Do not apply engine oil on the surface where the ¢ Tighten the main bearing cap bolts in order from (1)
cylinder block and the main bearings are assem- - (10). The front engine direction (F) is the water
bled. pump direction and the rear engine direction (R) is
¢ The class of main bearing bore inside diameter of the Drive Plate direction.
the cylinder block is engraved on the cylinder block e Attach the crank case by tightening the main
and the class of main journal diameter of the crank- bearing cap bolts and then the hex bolts.
shaft is engraved on the crankshaft. For the
engraving positions, see the Engine Unique Number 7) Temporarily tighten 16 hex bolts in order.
of Chapter 3 (Performance and Specifications). 8) Tighten 16 hex bolts (B) at a tightening torque of 2.2
¢ Select the proper main bearing class by checking or kgf-m.
measuring the class of main bearing bore inside
diameter of the cylinder block and the class of main ACAUT'ON
journal diameter of the crankshaft.
¢ The top main bearing class should be same with the ¢ Tighten hex bolts in order. The front engine direc-
bottom main bearing class. tion (F) is the water pump direction and the rear
engine direction (R) is the Drive Plate direction.
2) Sufficiently apply engine oil on the surface where the * Rotate the crankshaft 2 or 3 times to check for
bottom main bearings (D) and the crankshaft are assem- defects.
bled.
3) Apply sealant (TB1217H) on the crank case assembly 9) The crankshaft end play is 0.1 ~ 0.31 mm.

surface (K). Apply it on the rear part of the engine (L) with
the diameter @ 6+£0.5 mm and on the front part of the
engine (M) with the diameter @ 3 + 0.5 mm.

Assemble the crank case (A).

/A CAUTION

Be careful to attach the cylinder block and the crank
case in the right direction.

Attach parts within five minutes after applying
sealant (TB1217H) onto the parts.

Do not start the engine or load pressure within 25
minutes of applying sealant (TB1217H) onto the
parts.

Temporarily mount 10 main bearing cap bolts (C) in order
from (1) - (10).

Item Specified Value

Crankshaft end play 0.1 ~0.31 mm

10) Mount the rear oil seal assembly jig to the real oil seal (E)

of guide (H).

11) Mount the rear oil seal assembly jig guide (H) to the

crankshaft (G).

12) Mount the rear oil seal assembly jig holder (1) to the guide

(H).
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13) Turn the bolt on the center of the rear oil seal assembly

jig (I) until the rear oil seal assembly jig holder (1) contacts
with the cylinder block surface (F) and the crank case
surface (J) and press in the rear oil seal (E).

1)

Mount the 1st ring (D), the 2nd ring (E), and the oil ring
(F) with the piston ring plier.

/A CAUTION

/A CAUTION

Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
faces the outside of the engine.

Be careful of the depth of the oil seal when attaching
it.

Be careful not to damage the oil seal.

Attach the oil seal without applying lubrication,
coolant, fuel, sealant (TB1217H), or silicon.
Remove foreign substances such as residues from
the oil seal assembly bore.

Do not reuse the oil seal; replace it with a new one.
Be careful not to damage the oil seal when attaching
it.

. Attach the piston (A).

EDL022038A

EDL022054A

Ensure that the ‘R’ mark of the piston ring faces the
top surface of the piston.

Make the piston ring position dislocated to 120
degrees.

Apply engine oil on the piston pin (C).
Align the pin hole of the connecting rod small-end with
that of the piston (A).

/A CAUTION

Be careful to mind the direction when attaching the
piston and the connecting rod.

Place the product number on the top surface of the
piston, the larger side of the valve contact. and the
bumpy side of the piston to make them face the
front of the cylinder block.

Make the bumpy side of the connecting rod face the
front of the cylinder block.

Make the direction of the bumpy side of the piston
the same as that of the bumpy side of the
connecting rod.

The class of the inside diameter of the cylinder
block piston bore is engraved on the cylinder block
and the piston class is engraved on the top surface
of the piston. For the engraving positions, see the
Engine Unique Number of Chapter 3 (Performance
and Specifications).

Check or measure the class of the inside diameter of
the cylinder block piston bore and the cylinder
block piston to select a suitable piston class.

Be careful in noting the direction of the piston and
the connecting rod when attaching them.

Make the direction of the bumpy side (H) of the
piston the same as that of the bumpy side (l) of the
connecting rod.

If the gap between the piston ring and the small end
of the connecting rod is out of the range of 0.025 -
0.043, replace the more worn of the two.

Note) The classes of the cylinder block and the piston are as

follows.
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Inside Diameter of Cylin- Piston
der Block Piston Bore Class A Class B
Class A 0 .
Class B - o

Inside Diameter of Cylin-
der Block Piston Bore

Specified Value

Class A

89.990 ~ 90.000 mm

Class B

90.000 ~ 90.010 mm

Note) For the method to measure the inside diameter of the
cylinder block piston bore, refer to Chapter 10
(Cylinder Block/Head).

Piston Specified Value
Class A 89.920 ~ 89.930 mm
Class B 89.930 ~ 89.940 mm

Note) The piston class is engraved on the top surface of the
piston.
4) Attach the piston pin (C).

/A CAUTION

¢ Check the attached piston and piston ring. If the
piston should be replaced, replace the piston pin
along with the piston.

¢ The gap between the piston pin bore and the piston
pin should be within the range from 0.008 mm to
0.019 mm.

5) Mount 2 snap rings (B) on the both ends of the piston.

7. Mount the connecting rods (A).

EDL022037A

1) Mount the top connecting rod bearings (D) and the
bottom connecting rod bearings (E).

/A CAUTION

* Regardless of the tolerance of the connecting rod or
the crankshaft, select the top connecting rod bear-
ings and the bottom connecting rod bearings with
the yellow-marked class.

¢ Do not use the top connecting rod bearings and the
bottom connecting rod bearings with the blue- or
red-marked class when repairing the engine.

¢ Do not apply engine oil to the assembly part of the
connecting rods and the bearings.

¢ You can see the oil gap by comparing the
connecting rod bearing bore with the crankshaft pin
outside diameter.

Note) The class of the connecting rod bearing is as follows.

/A CAUTION

* Do not reuse snap rings.
¢ Assemble snap rings with the opening of the snap
rings facing 12 o’clock.

Thickness of connecting

rod bearing Specified Value

YELLOW 1.498 ~ 1.502 mm

2) Sufficiently apply engine oil on the inside of the cylinder
block bore and the connecting rod bearings.
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3) Mount the piston and the connecting rods (A) to the
cylinder block with the piston insertion tool.

/A\CAUTION

¢ Be careful to mind the direction when attaching the
piston and the connecting rod.

¢ Make the bumpy side of the connecting rod face the
front of the cylinder block.

¢ The front engine direction is the water pump direc-
tion and the rear engine direction is the Drive Plate
direction.

¢ Be careful not to damage the piston and the piston
rings.

4) Attach the connecting rod caps (B).

/A CAUTION

¢ Be careful to mind the direction when attaching the
connecting rods and the connecting rod caps.

¢ Ensure that the number engraved on the connecting
rods is same with that engraved on the connecting
rod caps and the assembly direction is same.

8. Attach the idle gear.

EDMO02200045

1) Apply engine oil to the inside of the idle gear bush in the
idle gear.
2) Attach the idle gear.

/A CAUTION

Make sure that you are attaching the idle gear so that its

engraving faces the outside of the cylinder block.

5) Temporarily tighten 8 connecting rod bolts (C) by hand.

/A CAUTION

Do not reuse connecting rod bolts; replace them with
new ones.

6) Tighten 8 connecting rod bolts (C) at a tightening torque
2.0 kgf'-m + 90° by using the angle method.

/A CAUTION

After attaching the connecting rods, rotate the crank-
shaft 2 or 3 times to check whether there is any interfer-
ence.

3) Position the idle gear engraving between the camshaft
gear engravings.
Note) You can see two camshaft gear engravings and one
idle gear engraving.

/A CAUTION

Make sure that the idle gear engraving is positioned

between the two camshaft gear engravings.

4) Position the crankshaft gear engraving mark between the
idle gear engravings.
Note) You can see one crankshaft gear engraving and two
idle gear engravings.

/A CAUTION

Make sure that the crankshaft gear engraving is posi-

tioned between two idle gear engravings.

5) Align the flange hex holes of the cylinder block to those
of the idle gear shaft.
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6) Attach the idle gear shaft.

10. Attach the oil pump.

/A CAUTION

Make the oil hole of the idle gear shaft face the top
surface of the cylinder block.

7) Tighten 3 flange hex bolts at a tightening torque of 4.4
kgf-m.

8) Backlash of the idle gear and the crankshaft gearis 0.087
~0.200 mm.

ltem Specified Value

Backlash between the idle
gear and the crankshaft
gear

0.087 ~ 0.200 mm

9) The backlash between the idle gear and the camshaft
gearis 0.087 ~ 0.211 mm.

Item Specified Value

Backlash between the idle

gear and the camshaft gear 0.087 ~ 0.211 mm

9. Connect the oil suction pipe and the oil delivery pipe.

ED24190036

) Connect the oil delivery pipe and 2 O-rings.

) Tighten 2 hex bolt at a tightening torque of 2.2 kgf-m.
3) Connect the oil suction pipe and 1 O-ring.

) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.

/A CAUTION

e Ensure that the O-rings of the inlet and the outlet
have been mounted.

¢ Be careful not to damage the O-rings while
mounting them.

ED24190124

1) Align 2 O-rings to the engine oil inlet and outlet.

2) Align the oil pump with the pin and press it to the cylinder
block as much as possible.

3) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.

4) The backlash between the crankshaft gear and the oil
pump gear is 0.060 ~ 0.259 mm.

ltem Specified Value

Backlash between the
crankshaft gear and the oil
pump gear

0.060 ~ 0.259 mm

/A CAUTION

* Make sure that the O-rings have been mounted.
¢ Be careful not to damage the O-rings while
mounting them.

. Attach the oil pan.
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EDM02190391

1) Apply sealant (TB1217H) to the oil pan assembly surface
with the diameter of @3 0.5 mm.

/A CAUTION

¢ Be careful that the oil pan has been attached in the
right direction.

e Attach parts within five minutes after applying
sealant (TB1217H) onto the parts.

¢ Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts.

2) Attach the oil pan.
3) Tighten 26 flange hex bolts at a tightening torque of

2.2 kgf-m.

/A CAUTION

Tighten flange hex bolts in the order. The front engine
direction is the water pump direction and the rear
engine direction is the Drive Plate direction.

4) Mount the O-ring.

5) Connect the drain plug at a tightening torque of 3 kgf-m.

12. Assemble the PTO (Power Take Off) cover & gasket.

W

EDMO03190319

1) Assemble the PTO (Power Take Off) cover & gasket.

2) Tighten 4 inner socket bolts to a tightening torque of
2.2 +0.2 kgf-m.

13. Attach the fuel injection pump.

ED24190034

1) Mount the O-ring to the collar.




5. About the engine

2) Mount the collar.

14. Attach the timing wheel.

/A CAUTION

¢ Ensure that you are attaching the injection pump
drive gear so that its engraving faces the outside of
the cylinder block.

¢ Ensure that the pin direction is the opposite direc-
tion of the idle gear.

3) Tighten the flange hex nuts at a tightening torque of 8.2
+0.5 kgf-m.
4) Attach the fuel injection pump.
5) Position the idle gear engraving between the injection
pump drive gear engravings.
Note) You can see two injection pump drive gear engravings
and one idle gear engraving.

/A CAUTION

¢ Ensure that the idle gear engraving is positioned
between the two injection pump drive gear engrav-
ings.

e Align the injection pump drive gear engravings, the
idle gear engraving, and the pin of the fuel injection
pump shaft before attaching them.

6) The backlash between the fuel injection pump and the
idle gear is 0.087 ~ 0.200 mm.

Item Specified Value

Backlash between the fuel
injection pump and the idle 0.087 ~ 0.200 mm
gear

7) Tighten 3 flange hex nuts at a tightening torque of
2.2 kgf-m.

ED24190122

1) Align the timing wheel to the pin and attach it to the crank-
shaft gear surface.

/A CAUTION

Be careful not to damage the teeth of the timing wheel.

15. Attach the timing gear case.

ED24190121
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5. About the engine

4) when the front oil seal is inserted to the timing gear case,

pull off the front oil seal assembly jig.

/A CAUTION

¢ Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

¢ Be careful of the depth of the oil seal when attaching
it.

¢ Be careful not to damage the oil seal.

e Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.

¢ Remove foreign substances such as residues from

EDM02200047 the oil seal assembly bore.
Note) Apply as follows and use TB1217H equivalent

product.
Note) Apply to the surface of TGC cover with 2.5 +0.5 mm
thickness.

¢ Do not reuse the oil seal; replace it with a new one.
¢ Be careful not to damage the oil seal when attaching
it.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.

5) Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.
6) Apply sealant (TB1217H) to the timing gear case

assembly surface with the diameter of @2.5 +0.5 mm.

/A CAUTION

¢ Be careful that the timing gear case has been
attached in the right direction.

e Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

* Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

7) Align the timing gear case with the pin and attach it.

ED24190138
1) Make the assembly surface of the timing gear case face

the ground.
2) Mount the front oil seal to the front oil seal assembly jig.

8) Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
9) Mount the crank speed sensor and then tighten the fixing
bolt.

3) Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.
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5. About the engine

16. Attach the crankshaft pulley. 3) Attach the valves (A).

/A CAUTION

¢ Be careful to use the right valve without confusing
the intake valve with the exhaust valve.

¢ The intake valve has the larger valve head diameter
and the exhaust valve has the smaller one.

18. Attach the valve springs.

ED24190120
1) Align the crankshaft pulley to the pin and attach it.
2) Tighten flange hex bolts at a tightening torque of
26 kgf-m.

/A CAUTION

¢ Be careful not to damage the oil seal.
¢ Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque. ED24190050

1) Attach the valve springs.
17. Attach the valves (A). 2) Mount the valve spring retainers.

3) Compress the valve with the valve spring compression
tool.

4) Mount the valve cotters.

5) Mount the calipers.

/A CAUTION

Check if the valve cotters have been positioned

correctly with the plastic hammer after completing
attaching them.

EDL022033A

1) Align the valve stem seal jig to the valve stem seal (C)
and beat it with a rubber hammer to press it in.

/A CAUTION

Do not give an excessive shock on the valve stem

seals; otherwise, they may be damaged.

2) Apply engine oil on the surface where the valves (A) and
the valve stem seals (C) are assembled.
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5. About the engine

19. Attach the cylinder head.

1) Align the cylinder head gasket with the pin and mount it.

ez
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EDL022056A

/A CAUTION

¢ Measure the step height of the piston top side and
select the cylinder head gasket with the suitable
class. For methods to measure the step height of
the piston top side, refer to Measurement of the step
height of the piston top side in Chapter 12
(Others/Driving Units).

¢ Be careful to mind the direction when assembling
the cylinder head gasket.

e Attach the cylinder head so that its identification
mark and class mark face upward.

¢ Align the push rod hole, the cylinder head bolt hole,
and the cylinder head gasket hole and attach the
cylinder head.

¢ Do not reuse the cylinder head gasket but replace
with new one.

¢ Class A has one semi-circle of the identification
mark on the cylinder head gasket, Class B has two
semi-circles and Class C has three semi-circles.

Note) The class of the cylinder head gasket is as follows.

Head gasketgrade | TR RIS
Symbol | Hole | Thickness Over To
Mark EA mm mm mm
A 1 1.02 0.34 0.45
B 2 1.12 0.45 0.55
C 3 1.22 0.55 0.66

Note) For method to measure the step height of the piston
top side, refer to Measurement of the step height of the
piston top side in Chapter 12 (Others/Driving Units).

2) Attach the cylinder head.

3) Temporarily tighten 18 cylinder head bolts in the order

from (1) - (18).

4) Tighten 18 cylinder head bolts at a tightening torque 4.0

kgf-m + 90°+ 90°+ 90° with the angle method.

ED24190052

3. Exhaust manifold
side

1. Identification mark of the cylin-
der head gasket

2. Intake manifold side

/A CAUTION

¢ Tighten cylinder head bolts in order from (1) - (18).

¢ The front engine direction is the water pump direc-
tion and the rear engine direction is the Drive Plate
direction.

¢ Do not reuse cylinder head bolts.

¢ Do not apply engine oil to the cylinder head bolts.
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5. About the engine

20. Connect the push rods. 22. Attach the cylinder head cover.

1) Apply engine oil on both ends of the push rods. 1) Attach the cylinder head cover.

2) Connect the push rods in the cylinder head holes.
3) Hitthe head of the push rods with a rubber hammer lightly

2) Temporarily tighten 12 hex bolts.
3) Tighten 12 hex bolts at a tightening torque of 1

once or twice to get them positioned in the tappet holes. 0.1 kgf-m.

A CAUTION /A\CAUTION

* Be careful not to allow the seal ring of the cylinder
head cover to get out to the outside.

¢ Tighten the hex bolts of the cylinder head cover in
the order. The front engine direction is the water
pump direction and the rear engine direction is the

After connecting the push rods, rotate them to check
the connection state.

21. Attach the rocker arm.

Drive Plate direction.

4) Mount the oil injection cap.
23. Connect the glow plugs.

‘ED241 90047
1) Attach the rocker arm.

2) Tighten 10 flange hex bolts at a tightening torque of

2.2 +0.22 kgf-m.

"ED24190078

1) Tightening 4 glow plugs to the cylinder head at a tight-
ening torque of 9 ~ 12 N'm.
Attach the electric connector.

D

Mount 4 washers.
Tighten 4 hex nuts at a tightening torque of 1.3 ~ 2 N-m.

)

4

~
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5. About the engine

24. Attach the injectors.

25. Attach the right cylinder head cover.

ED24190029

1) Align the injector seal ring washer with the center of the
injector hole and mount it.

2) Sufficiently apply engine oil on the cylinder head cover
surface where the injectors contact.

3) Attach 4 injectors.

/A CAUTION

¢ Do not reuse the head cover rubber seal and the
injector oil seal but replace with new ones.

e Attach injectors by slowly turning them to prevent
damage to the cylinder head cover surface which
contacts the injectors.

* Do not reuse the injector seal ring washers. Other-
wise, critical damage to the engine may occur
because of unstable combustion.

4) Mount 4 injector fixtures.
5) Temporarily tighten 4 hex bolts.

/A CAUTION

Do not tighten the hex bolts by force when it is difficult
to tighten them temporarily. Forced tightening may
cause damage to the cylinder head.

6) Tighten 4 hex bolts at a tightening torque of 4.35
+0.35 kgf-m.

ED24190118

1) Align the right cylinder head cover with the assembly pin
hole and attach it.

2) Temporarily tighten 10 flange hex bolts in the order.

3) Tighten 10 flange hex bolts at a tightening torque of 1
0.1 kgf'm.

26. Attach the intake manifold.

ED24190117

1) Mount the intake manifold and the gasket.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

2) Tighten 11 flange hex bolts and 2 flange hex bolts at a
tightening torque of 2.2 kgf-m.
3) Attach EGR mixer and gasket to the intake manifold.
4) Tighten 2 flange hex bolts at a tightening torque
2.2 kgf-m.
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5. About the engine

27. Attach the oil cooler and the oil filter module.

1) Mount the oil cooler and 3 O-rings to the oil filter module.

Tighten 3 flange hex bolts.

3) Mount the oil filter module and 3 O-rings to the cylinder
block.

/A CAUTION

¢ Make sure that the O-rings have been mounted.
¢ Be careful not to damage the O-rings while
mounting them.

Tighten 3 flange hex bolts at a tightening torque of

2.2 kgf-m.

5) Wipe the surface on which the oil filter is mounted clean.

6) Thinly spread engine oil over the rubber packing of the
new oil filter.

7) Temporarily mount the oil filter by turning it by hand.

8) Mount the oil filter with the filter wrench at a tightening

torque of 16 ~ 20 N-m.

EDMO02200226

/A CAUTION

Check the 1 O-ring at A (black) on the top of the oil filter
and the 2 O-rings at B (yellow) on the bottom.

28. Attach the EGR valve.

1) Attach the EGR valve and gasket to the intake manifold.

/A CAUTION

e The EGR valve has to be handled with care, because
it is sensitive to external impact.

2) Tighten 4 flange hex bolts at a tightening torque 2.2 kgf-m.
3) Assemble hose and clamps.
29. Attach the common rail.

ED24190115
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5. About the engine

1) Attach the common rail to the intake manifold. 5) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection

ACAUTION pump, at a tightening torque of 3.0 kgf-m.

31. Connect the fuel return hose.

¢ Be careful to note the direction when attaching the
common rail. B A

¢ Be careful not to damage the common rail while
attaching it.

2) Temporarily tighten 2 hex bolts by hand.
3) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.
30. Connect the fuel injection pipes.

h@d\% wl
ED24190113

1) Press the fuel return hose into the end of the nipple and
connect it.

/A CAUTION

* Be careful to note the direction when connecting the

|
, fuel return hose.

ED24190114 * The injector should be fully connected with the

1) Loosen 2 hex bolts of the common rail. hose.

2) Temporarily connect the fuel injection pipes by hand. * Be careful to avoid damage for fuel return hose of
injector.

A C AUT'ON ¢ Don't press on the fuel hose, don't drop heavy tool

like as spanner on engine, don't step on fuel hose,

* Do not bend the fuel injection pipes by force. don't stand on engine.

¢ Be careful to note the direction when connecting the * If the fuel hose are broken by wrong handling, it is

fuel injection pipes. possible fire.

e Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

¢ Do not reuse fuel injection pipes and clamp; replace f C AUTI ON
them with new ones. Reusing fuel injection pipes and

2) Mount 4 hose clips.
3) Mount the hose clips.

clamp may allow foreign substances into the fuel Fix the handle of hose clip to face the front of the
pipes or oil leaks from the bolt clamping to occur, engine.
causing a critical fault in engine performance.

4) Tighten the flange hex bolts.
3) Tighten 2 hex bolts of the common rail at a tightening 5) Mount the fixing clips.
torque of 2.2 kgf-m.
4) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-
ening torque of 3.0 kgf-m.
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5. About the engine

32. Mount the rear and front lifting hooks.

34. Attach the water pump pulley.
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1) Mount the rear lifting hook.

2) Tighten 2 flange hex bolts at a tightening torque of 4.4
kgf-m.

3) Mount the front lifting hook.

4) Tighter 3 flange hex bolt at a tightening torque of 2.2
kgf-m.

33. Attach the water pump.

ED24190111
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Align the gasket with the stud bolts and mount it.
Align the coolant pump with the stud bolts and attach it.
Tighten 4 hex bolts and 2 flange hex nuts at a tightening

D

torque of 2.2 kgf-m.

/A CAUTION

¢ Do not allow the gasket to protrude from or be to
one side of the coolant pump.

¢ Be careful not to damage the gasket while mounting
it.

ED24901 10
1) Attach the water pump pulley.

2) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.
35. Attach the exhaust manifold.

ED24190109

1) Mount the gasket so that the TOP mark faces the top
surface and the front of the engine.

2) Attach the exhaust manifold.

3) Apply torque as follow below sequence.
- Tightening torque: 3.4 +0.3 kgf-m.

4) Apply check torque as follow below sequence again.
- Tightening torque: 3.4 +0.3 kgf-m.
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5. About the engine

37. Mount the thermostat.

EDMO02200214

ED24190108
36. Attach the heat screen.

1) Mount the thermostat to the cylinder head.

2) Tighten 2 flange hex bolt, 2 space bolt and 2 flange hex
nut as a tightening.

3) Tighten 3 flange hex bolts at a tightening torque of
2.2 kgf-m.

4) Connect the rubber hose.

5) Mount the hose clamps.

/A CAUTION

e After mounting the hose clamps, make the protru-
sion face the cylinder head side to prevent interfer-
ence between the protrusion and the coolant pump

pulley.
¢ Do not use the hose clamps more than twice;
1) Mount the heat screen. replace them with new ones.
2) Tighten 4 flange hex bolts at a tightening torque
1.25 +0.1 kgf-m. 38. Attach the EGR cooler.

/A CAUTION

¢ Be careful to note the direction in which the gasket
is mounted. Mount the gasket so that the TOP mark
faces the front of the engine.

* Be careful not to damage the gasket while mounting
it.

|| [
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ED24190107
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5. About the engine

/A CAUTION

¢ Be careful to note the direction when mounting the
EGR cooler.

¢ Be careful not to damage the gasket while mounting
it.

1) Mount the EGR cooler and gaskets to the exhaust
manifold and cylinder head.

2) Tighten 3 flange hex bolts at a tightening torque of
3.1 kgf'm. (exhaust manifold side)

3) Tighten 2 flange hex bolts at a tightening torque of
2.2 kgf'm. (cylinder head side)

4) Assemble 2 hoses and clamps.

/A CAUTION

Do not reuse the clamps if it has permanent
deformation by irregular shape.

39. Assemble the turbocharger.

ED24190106

1) Connect the oil return pipe and gasket to the turbocharger.

2) Tighten 2 flange hex bolts at a tightening torque of
1.0 kgf-m.

3) Mount the turbocharger and the gasket to the exhaust
manifold.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

¢ Do not reuse gaskets; replace them with new ones.

4) Tighten 4 flange hex nuts at a tightening torque of
2.2 kgf-m.

5) Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

/A CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.

6) Temporary tighten 2 hollow screws to the oil delivery pipe
manually.

7) Tighten 2 hollow screws at a tightening torque of
1.9 kgf-m.

/A CAUTION

* Do not reuse the oil supply pipe.

¢ Tighten the hollow screw at the cylinder block side
first, and then tighten the other at the turbocharger
side.

Note) During assembly, add 3 cc of clean oil to the turbo-
charger oil inlet.
40. Mount the oil level gauge and the coolant hose.

ED24190105

1) Replace the O-ring of the oil level gauge guide tube with
a new part.

2) Insert the oil level gauge guide tube in the cylinder block
and connect it.

3) Tighten flange hex bolts at a tightening torque of
1.0 kgf-m.
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4) Mount the oil level gauge.

/A CAUTION

3) Connect the throttle (inlet pipe) and the gaskets to the
intake stake.

4) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

Make the handle of the oil level gauge face the reverse
direction from the center of the engine.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them
with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-
ening torque of 2.2 kgf-m.
41. Connect the throttle (inlet pipe) and the intake stake.

1) Mount the intake stake and the gasket to the cylinder
block.

2) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

42. Connect the breather hose.

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.

43. Attach the flywheel housing.

ED24190102

1) Align the flywheel housing to the pin and attach it.
2) Tighten 8 hex bolts at a tightening torque of 6.2 kgf-m.
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44. Mount the flywheel.

45, Attach the starter.
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ED24190101

1) Mount the flywheel.
2) Tighten 8 Flange hex bolts at tightening bolt torque.

Flywheel bolt (43 mm, option)|1st: 7 +0.35 kgf.m/2nd: 45" +4°

Flywheel bolt (25 mm, option)

17 +0.85 kgf.
for flat type flywheel +0.85 kgt.m

/A CAUTION

Be careful that no foreign material (oil, etc.) is present
in the bolt and tap.

ED24190100
1) Align the starter with the pin and attach it.
2) Tighten 3 flange nuts at a tightening torque of

4.4 +1.1 kgf-m.
46. Attach the alternator.

ED24190099

Using bolt B and nut, attach the alternator temporarily.
By tightening bolt, set the position of the alternator prop-
erly.

Tighten upper bolt to a torque of 2.2 +0.2 kgf-m.

Tighten lower bolt to a torque of 6.2 +0.6 kgf-m.

3)
4)
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5. About the engine

47. Attach the V-belt.

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

3) Wind the belt around the auto tensioner pulley by using a

space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).

48. Connect the cables and harness connected to each
sensor of the engine.

49. Attach the engine to the machine.

50. Assemble the air cooler and the cooling fan on the
engine.

51. Inject the engine oil.

1) Open the oil injection cap on the cylinder head cover top

and inject engine oil.

/A CAUTION

Use genuine engine oil recommended by Hyundai
Doosan Infracore.

52. Inject coolant.
1) Open the radiator cap and add coolant.

/A CAUTION

Use coolant recommended by Hyundai Doosan Infra-
core.
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6. Cooling system

General information
Coolant which absorbed the oil and combustion heat flows

into the thermostat through the coolant pipe. If the coolant
temperature is lower than the valve-opening temperature of

General Information

This engine is water-cooled. It uses coolant to cool the .
the thermostat, the coolant flows into the water pump. If

higher, it flows into the radiator. The radiator releases the
heat absorbed from the coolant and sends the coolant to the
water pump again.

engine by absorbing heat from the combustion chamber and
the engine oil and then releases the heat, allowing for normal
engine operation.

In this cooling unit system, coolant provided by the water
pump flows into the oil cooler through the coolant pipe to
absorb oil heat and passes through the coolant jacket of the
cylinder block and the cooling path of the cylinder head to
absorb the combustion heat.
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1. Radiator 4. Cylinder head 7. EGR cooler
2. Water pump 5. Oil cooler 8. Thermostat
3. Cylinder block 6. EGRvalve 9. Bypass
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6. Cooling system

Failure Diagnosis

Phenomenon

Causes

Troubleshooting

Overheated engine

Not enough coolant

Replenish the coolant

Defective radiator cap

Replace it

Contaminated radiator

Clean the exterior of the radiator

Defective V-belt offset

Adjust or replace it

Contaminated or damaged V-belt

Replace it

Damaged impeller

Replace the water pump

Defective impeller fix

Replace the water pump

Bad water pump operation

Replace it

Bad thermostat operation

Replace it

Bad coolant flow

Clean the coolant path

Improper injection time

Check it with the failure diagnosis unit

Damaged cylinder head gasket

Replace it

Overcooled engine

Bad thermostat operation

Replace it

Too low ambient temperature

Heat the block

Leaking coolant

Damaged radiator

Repair or replace it

Loosened or damaged radiator connection

Repair or replace the connection

Defective radiator cap

Replace it

Badly mounted water pump

Repair or replace it

Bad or damaged water pump gasket

Replace the gasket

Badly mounted thermostat

Repair or replace it

Bad or damaged thermostat gasket

Replace the gasket

Damaged cylinder head gasket

Replace the gasket

Damaged cylinder head or block

Replace it

Noise

Bad water pump bearing

Replace the bearing

Bad or damaged cooling fan

Repair or replace it

Bad rotation of the cooling fan

Replace it

Defective V-belt offset

Adjust or replace it
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6. Cooling system

Water pump

General Information

The water pump prevents the engine from being overheated
by combustion heat during engine operation and delivers
coolant from the radiator to each part of the engine.

Water Pump Disassembly

1. Drain coolant.

/A WARNING

Discard exchanged coolant according to the regula-
tions set forth by the relevant authorities. Disposing of

exchanged coolant into the ground, sewers, drains,
rivers, or the sea will cause serious environmental
pollution. Violation of regulations regarding discard of
engine oil without observing the handling regulations
will be punished.

'E5é415024“2

Check if the engine and radiator are cooled.

Place a container in front of the coolant drain plug.

Remove the radiator cap.

Remove the coolant drain plug of the radiator and then

drain coolant.

5) After completing coolant drain, connect the coolant drain
plug again.

/A\DANGER

* Do not open the radiator cap while the engine is
overheated. If the radiator cap is opened while the
engine is heated, hot water will spurt out and may
cause serious burns. Open the radiator cap after
making sure that the engine has been fully cooled.

¢ Mark and separately manage the containers for
storing coolant from beverage containers for
avoiding confusion. See a doctor immediately in
case of drinking coolant.

/A CAUTION

Be careful not to allow coolant to touch any belts or
electric apparatus when replacing the coolant.

2. Remove the micro V belt

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.
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3. Detach the alternator.

ED24190099

1) Loosen the upper/lower bolt and remove the alternator.
2) When loosing bolt, take care not to lose nut.
4. Remove the coolant pump pulley.

1) Loosen 4 hex bolts.
2) Remove the coolant pump pulley.
5. Remove the coolant pump.

1) Loosen 4 hex bolt and 2 flange hex nut.
2) Remove the coolant pump and the gasket.

Water Pump Assembly
1. Attach the water pump.

1) Align the gasket with the stud bolts and mount it.

2) Align the coolant pump with the stud bolts and attach it.

3) Tighten 4 hex bolts and 2 flange hex nuts at a tightening
torque of 2.2 kgf-m.

/A CAUTION

¢ Do not allow the gasket to protrude from or be to
one side of the coolant pump.

¢ Be careful not to damage the gasket while mounting
it.

2. Attach the water pump pulley.

v \!5’»’4". A
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1) Attach the water pump pulley.
2) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.




6. Cooling system

3. Attach the alternator.

ED24190099

1) Using bolt and nut, attach the alternator temporarily.

2) By tightening bolt, set the position of the alternator prop-
erly.

3) Tighten upper bolt to a torque of 2.2 +0.2 kgf-m.

4) Tighten lower bolt to a torque of 6.2 +0.6 kgf-m.

4. Attach the V-belt.

ED24190098

1) Turn the auto-tensioner counterclockwise when viewed
toward the auto tensioner, and remove the belt.

5. Add coolant.

1) Open the radiator cap and add coolant.

A WARNING

Use coolant recommended by Hyundai Doosan Infra-

core.
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Thermostat

General Information

The thermostat maintains water temperature in the engine
consistently and prevents heat loss to improve heat effi-
ciency of the engine.

When the coolant temperature is below the normal tempera-
ture, the thermostat is closed and the coolant is bypassed
and directly flows into the water pump. When the coolant
temperature reaches the normal temperature or is higher
than the temperature, the thermostat is fully open and the
bypass circuit is closed. So the coolant flows into the radi-
ator.

/A CAUTION

¢ The wax pellet type thermostat shows slower
response to the change of cooling water than the
bellows type thermostat. This happens because the
heat capacity of the wax pellet type thermostat is
larger than that of the bellows type thermostat.
Therefore, to prevent a rapid increase in the engine
coolant’s temperature, you must first operate the
engine at idle until the engine is fully warmed up.
When the weather is very cold, do not operate the
engine in an overloaded condition or at a high speed
after starting the engine.

e When draining water from the engine cooler or
injecting water to the engine cooler, work slowly to
ensure that all air inside the cooler is expelled.

e When a defect is found in the thermostat, replace it
with a new one.

| ~/
L n ’ |~ /'/
oY
| . o
EDL022060A
1. Radiator 3. Water pump

2. Bypass valve 4. Coolant inlet

Thermostat Disassembly

/A CAUTION

Detaching the thermostat itself may degrade cooling
performance. Do not detach the thermostat itself.

1. Drain coolant until the coolant level is below the thermo-

stat height.
Remove the thermostat.

190108

Remove the hose clamps.
Disconnect the rubber hose.
Loosen 2 flange hex bolt, 2 space bolt and 2 flange hex

nut.
Remove thermostat.
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Thermostat Assembly

1. Mount the thermostat.

D24190108

Mount the thermostat to the cylinder head.

Tighten 2 flange hex bolt, 2 space bolt and 2 flange hex
nut as a tightening.

Tighten 3 flange hex bolts at a tightening torque of

2.2 kgf-m.

Connect the rubber hose.

Mount the hose clamps.

/A CAUTION

e After mounting the hose clamps, make the protru-
sion face the cylinder head side to prevent interfer-
ence between the protrusion and the coolant pump
pulley.

¢ Do not use the hose clamps more than twice;
replace them with new ones.

2. Replenish the coolant.

Check of Thermostat

1. Check whether the wax pellet and the spring are
damaged or not.

2. Put the water temperature controller into water and heat
the water slowly to check water temperature controller
operation.

3. The water temperature controller is normal in following
case: The opening and fully open temperature is refer the
next page.

Thermometer

Wood block

EDMO03190404

4. Check if there is any foreign substances in the water
temperature controller.

Note) Clean the inside of water temperature controller with

an air gun.

5. Check if there are any foreign substances of damage part
inside and outside of hose.

<The open and full open temperature as Hyundai Doosan

Infracore part number>

wee | o | Temp | v
Type 1 71 £2°C 85°C >8 mm
Type 2 79 +2°C 94°C >8 mm
Type 3 83 +2°C 95°C >8 mm
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7. Lubrication system

General information

General Information

This engine is a forced lubrication type of engine. QOil pres-
sure is generated and delivered by rotating the gear of the oil
pump which is directly engaged with the crankshaft gear on
the front of the cylinder block.

The oil pump delivers oil sucked from the oil pan with the
suction pipe to the main path of the cylinder block through the
oil cooler and oil filter.

From the cylinder block, oil is delivered to the crankshaft
bearings, camshaft bearings, and rocker arm for lubrication.
In addition, the turbocharger is connected to the engine lubri-
cation circuit. Around the cylinder block and the timing gear,
lubricating oil is dispersed. Each cylinder has an oil injection
nozzle for cooling the bottom of the piston. Engine oil is
filtered through the oil filter and purified.

ROCKER ARM / HLA

COOLED CLEAN OIL
COOLED DIRTY OIL
== HOT DIRTY OIL

1. Oil pump 6. Bypass valve

2. Relief valve 7. Piston cooling jet
3. Bypass valve 8. Idle gear

4. Oil cooler 9. Piston

5. OQil filter 10.

EDMO02190346

11. Connecting rod bearing
12. Camshaft bearing

13. Rocker arm

14. Turbocharger

Crankshaft main bearing
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Failure Diagnosis

Phenomenon

Causes

Troubleshooting

Too much oil consumption

Bad oil

Replace oil with specified oil.

Oil leakage from the oil seal ring and packing

Repl i
part eplace it
Worn or damaged piston and piston ring Replace it
Worn cylinder liner Replace it
Burnt piston ring Replace it
Worn valve guide oil seal, valve guide, or Replace it

valve stem

Low oil pressure

Bad oil

Replace oil with specified oil.

Burnt oil pump relief valve

Replace it

Clogged oil pump strainer

Cleanse the strainer

Worn oil pump gear

Replace it

Cracked oil delivery pipe of the oil pump

Replace it

Defect oil pump

Repair or replace it

Qil pressure gauge fault

Repair or replace it

Worn bearings

Replace it

Contaminated oil

Clogged oil filter

Replace the oil filter with a new one

Gas leakage

Replace piston ring with a new one

Bad oil

Replace oil with specified oil.
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7. Lubrication system

Oil pump

General Information

Engine oil is sucked from the oil pan by the gear type oil
pump and then all of the oil is forcibly delivered to the oil
cooler and filter for filtering. The filtered oil passes through
the main oil path of the cylinder block and lubricates bearing
parts and the turbocharger of the engine in order to maintain
normal engine performance.

Oil Pump Disassembly

1. Drain the engine oil.

= Q)

EDL022160A

1) Place a container under the engine to drain the engine
oil.

2) Remove the oil cap (A).

3) Remove the drain plug (B) and drain the engine oil.

/A WARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into
the ground, sewers, drains, rivers, or the sea will cause
serious environmental pollution. Violation of regula-
tions when discarding engine oil without observing the
handling regulations, will be punished.

2. Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

3. Remove the crankshaft pulley.

ED24190120

1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.

/A CAUTION

Be careful not to damage the oil seal.




7. Lubrication system

4. Remove the timing gear case. 5. Remove the timing wheel.

1) Remove the timing wheel.
6. Remove the oil pump.

ED24190121

1) Loosen the fixing bolt and remove the crank speed

ED24190124
sensor.

2) Loosen 16 hex bolts.
3) Remove the timing gear case.

/A CAUTION

Do not reuse the oil seal; replace them with new ones.

1) Loosen 4 hex bolts.
2) Remove the oil pump and 2 O-rings.
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Oil Pump Assembly
1. Attach the oil pump.

ED24190124

Align 2 O-rings to the engine oil inlet and outlet.

Align the oil pump with the pin and press it to the cylinder
block as much as possible.

Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.
The backlash between the crankshaft gear and the oil
pump gear is 0.060 ~ 0.259 mm.

Item Specified Value

Backlash between the
crankshaft gear and the oll
pump gear

0.060 ~ 0.259 mm

/A CAUTION

¢ Make sure that the O-rings have been mounted.
¢ Be careful not to damage the O-rings while
mounting them.

2. Attach the timing wheel.

ED24190122

1) Align the timing wheel to the pin and attach it to the crank-
shaft gear surface.

/A CAUTION

Be careful not to damage the teeth of the timing wheel.

3. Attach the timing gear case.

ED24190121

EDMO02200047
Note) Apply as follows and use TB1217H equivalent

product.

Note) Apply to the surface of TGC cover with 2.5 £0.5 mm
thickness.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.
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ED24190138
Make the assembly surface of the timing gear case face

the ground.

Mount the front oil seal to the front oil seal assembly jig.
Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.

when the front oil seal is inserted to the timing gear case,
pull off the front oil seal assembly jig.

/A CAUTION

Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

Be careful of the depth of the oil seal when attaching
it.

Be careful not to damage the oil seal.

Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.
Remove foreign substances such as residues from
the oil seal assembly bore.

Do not reuse the oil seal; replace it with a new one.
Be careful not to damage the oil seal when attaching
it.

Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.

Apply sealant (TB1217H) to the timing gear case
assembly surface with the diameter of @2.5 £0.5 mm.

/A CAUTION

Be careful that the timing gear case has been
attached in the right direction.

Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

Align the timing gear case with the pin and attach it.
Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
Mount the crank speed sensor and then tighten the fixing
bolt.

Attach the crankshaft pulley.

1)
2)

ED24190120

Align the crankshaft pulley to the pin and attach it.
Tighten flange hex bolts at a tightening torque of

26 kgf-m.

/A CAUTION

Be careful not to damage the oil seal.
Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

116



7. Lubrication system

5. Attach the V-belt.

ED24190098

1) Fix the V-belt to the alternator pulley, the coolant pump,
and the crankshaft pulley and mount it.

2) Check that the V-belt is precisely engaged with the
groove of each pulley with naked eye.

/A CAUTION

Disassembly of Oil Suction Pipe and Oil
Delivery Pipe

1. Drain the engine oil.

EDL022160A

1) Place a container under the engine to drain the engine
oil.

2) Remove the oil cap (A).

3) Remove the drain plug (B) and drain the engine oil.

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).

6.
1) Open the oil injection cap on the cylinder head cover top
and inject engine oil.

Inject the engine oil.

/A CAUTION

Use genuine engine oil recommended by Hyundai
Doosan Infracore.

Check of Oil Pump

1. With the gap gauge, check if the oil pump gear backlash
is within the range of 0.060 ~ 0.259 mm.

Make sure that the oil pump gear spins smoothly when

spinning it with the torque of 3.0 kgf-cm.

Item Specified Value

0.060 ~ 0.259 mm

Oil pump gear backlash

A WARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into
the ground, sewers, drains, rivers, or the sea will cause
serious environmental pollution. Violation of regula-
tions when discarding engine oil without observing the
handling regulations, will be punished.

2. Remove the oil pan.
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1
2
3
4

Remove the drain plug.
Remove the O-ring.
Loosen 26 flange hex bolts.
Remove the oil pan.

)
)
)
)
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3. Disconnect the oil suction pipe and oil delivery pipe.

2. Attach the oil pan.

ED24190036

1)
2)
3)
4)

Loosen 2 hex bolts.

Remove the oil suction pipe and 1 O-ring.
Loosen 2 hex bolts.

Disconnect the oil delivery pipe and 2 O-rings.

Assembly of Oil Suction Pipe and Oil Delivery
Pipe

1. Connect the oil suction pipe and the oil delivery pipe.

ED24190036
Connect the oil delivery pipe and 2 O-rings.
Tighten 2 hex bolt at a tightening torque of 2.2 kgf-m.
Connect the oil suction pipe and 1 O-ring.

Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.

/A CAUTION

¢ Ensure that the O-rings of the inlet and the outlet
have been mounted.

¢ Be careful not to damage the O-rings while
mounting them.

EDMO02190066

EDM02190391

1) Apply sealant (TB1217H) to the oil pan assembly surface
with the diameter of @3 +0.5 mm.

/A CAUTION

¢ Be careful that the oil pan has been attached in the
right direction.

e Attach parts within five minutes after applying
sealant (TB1217H) onto the parts.

¢ Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts.

2) Attach the oil pan.
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3) Tighten 26 flange hex bolts at a tightening torque of
2.2 kgf-m.

/A CAUTION

Tighten flange hex bolts in the order. The front engine
direction is the water pump direction and the rear
engine direction is the Drive Plate direction.

4) Mount the O-ring.

5) Connect the drain plug at a tightening torque of 3 kgf-m.

3. Inject the engine oil.

1) Open the oil injection cap on the cylinder head cover top
and inject engine oil.

/A CAUTION

Use genuine engine oil recommended by Hyundai
Doosan Infracore.
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Oil filter assembly

General Information

The oil cooler cools oil with coolant and the oil filter removes
the foreign substances from the oil.

Disassembly of Oil Filter Assembly
1. Drain the engine oil.

[®

EDL022160A

1) Place a container under the engine to drain the engine
oil.

2) Remove the oil cap (A).

3) Remove the drain plug (B) and drain the engine oil.

A WARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into
the ground, sewers, drains, rivers, or the sea will cause
serious environmental pollution. Violation of regula-
tions when discarding engine oil without observing the
handling regulations, will be punished.

Disconnect oil level gauge and coolant hose.

2.
.

2
i i

ED24190105

1) Loosen the flange hex bolt.

2) Remove the hose clamp.

3) Disconnect the coolant hose.

4) Remove the oil level gauge.

5) Loosen the flange hex bolt.

6) Disconnect the oil level gauge guide tube.

3. Detach the oil cooler and the oil filter module.

1) Detach the oil filter with the filter wrench.

/A CAUTION

Oil in the filter may run down while detaching the oil
filter. Be careful not to contaminate the other parts by
using a cloth when detaching the filter. After replacing
the oil filter, wipe clean any other parts which the oil
has touched.

2) Remove the oil filter module and the O-rings.

3) Loosen 3 flange hex bolts.

4) Remove the oil cooler and the O-rings from the oil filter
module.
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Assembly of Oil Filter Assembly

1. Attach the oil cooler and the oil filter module.

ED2419002

Mount the oil cooler and 3 O-rings to the oil filter module.
Tighten 3 flange hex bolts.

Mount the oil filter module and 3 O-rings to the cylinder
block.

/A CAUTION

e Make sure that the O-rings have been mounted.
¢ Be careful not to damage the O-rings while
mounting them.

Tighten 3 flange hex bolts at a tightening torque of

2.2 kgf-m.

Wipe the surface on which the oil filter is mounted clean.
Thinly spread engine oil over the rubber packing of the
new oil filter.

Temporarily mount the oil filter by turning it by hand.
Mount the oil filter with the filter wrench at a tightening
torque of 16 ~ 20 N-m.

EDMO02200226

/A CAUTION

Check the 1 O-ring at A (black) on the top of the oil filter
and the 2 O-rings at B (yellow) on the bottom.

2. Mount the oil level gauge and the coolant hose.

SN
A
‘dmmu‘

ED24190105

Replace the O-ring of the oil level gauge guide tube with
a new part.

Insert the oil level gauge guide tube in the cylinder block
and connect it.

Tighten flange hex bolts at a tightening torque of

1.0 kgf-m.

Mount the oil level gauge.

/A CAUTION

4)

Make the handle of the oil level gauge face the reverse
direction from the center of the engine.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them
with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-
ening torque of 2.2 kgf-m.

3. Inject the engine oil.

1) Open the oil injection cap on the cylinder head cover top

and inject engine oil.

/A CAUTION

Use genuine engine oil recommended by Hyundai
Doosan Infracore.
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Check of Oil Cooler

1. Check if the coolant inlet of the oil cooler is damaged and
if coolant has leaked.

2. Check if the oil inlet and outlet of the oil cooler are
damaged and if oil has leaked.

3. Check if the exterior of the oil cooler is damaged and
leakage has occurs.
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Oil pan

4) Remove the oil pan.

Disassembly of Oil Pan
1. Drain the engine oil.

Assembly of Oil Pan
1. Attach the oil pan.

EDL022160A

. . . . EDMO02190066
1) Place a container under the engine to drain the engine

oil.

2) Remove the oil cap (A).
3) Remove the drain plug (B) and drain the engine oil.

A WARNING

Discard oil according to the regulations set forth by the
relevant authorities. Disposing of discharged oil into
the ground, sewers, drains, rivers, or the sea will cause
serious environmental pollution. Violation of regula-
tions when discarding engine oil without observing the

handling regulations, will be punished.

2. Remove the oil pan.

EDM02190391

1) Apply sealant (TB1217H) to the oil pan assembly surface
with the diameter of @3 £0.5 mm.

/A CAUTION

¢ Be careful that the oil pan has been attached in the
right direction.

e Attach parts within five minutes after applying
sealant (TB1217H) onto the parts.

* Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts.

EDMO02190066

1) Remove the drain plug. 2) Attach the oil pan.
2) Remove the O-ring.
3) Loosen 26 flange hex bolts.
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3) Tighten 26 flange hex bolts at a tightening torque of
2.2 kgf-m.

/A CAUTION

Tighten flange hex bolts in the order. The front engine
direction is the water pump direction and the rear
engine direction is the Drive Plate direction.

4) Mount the O-ring.

5) Connect the drain plug at a tightening torque of 3 kgf-m.

2. Inject the engine oil.

1) Open the oil injection cap on the cylinder head cover top
and inject engine oil.

/A CAUTION

Use genuine engine oil recommended by Hyundai
Doosan Infracore.

Disassembly of Engine Oil Level Gauge and
Guide Tube

1. Disconnect oil level gauge and coolant hose.

ED24190105

Loosen the flange hex bolt.

Remove the hose clamp.

Disconnect the coolant hose.

Remove the oil level gauge.

Loosen the flange hex bolt.

Disconnect the oil level gauge guide tube.

Assembly of Engine Oil Level Gauge and
Guide Tube

1. Mount the oil level gauge and the coolant hose.

AN 2
NHINNSE
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ED24190105

1) Replace the O-ring of the oil level gauge guide tube with
a new part.

2) Insert the oil level gauge guide tube in the cylinder block
and connect it.

3) Tighten flange hex bolts at a tightening torque of
1.0 kgf-m.

4) Mount the oil level gauge.

/A CAUTION

Make the handle of the oil level gauge face the reverse
direction from the center of the engine.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them
with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-
ening torque of 2.2 kgf-m.




8. Fuel system

(CT=T =T = 1T ) (o] 0 aF= 1 To] o OSSR 127
Y=Y o1 = T [ o1 0 = (o] o T SRR 127
FUBI FEIUIM NOSE ... e ettt e e e e e e e e e e e eeeeeeenees 128
LCT=T 0 T=T = 1IN [0 14T 1T} o SR 128
Disconnection of Fuel REIUIN HOSE ... et e e e eee s 128
Connection Of FUEI RETUIN HOSE.......c..eiiiie ittt ettt e et e e e e e anee e e e e e nbee e e e e enreeas 128
Check Of FUBI REIUIN HOSE....cooi ittt et e et e e e e et e e e e e bee e e e e e snbee e e e snreeeeeennnrees 128
0] 1= (o ST PPRPPTPPPR 129
LCTCYaTT = T [ o1 0 = i o] o TSR 129
(Lo (ol @ o T=Y =1 (Y= o T [ o T=Tox (o) ORI 129
INJECTIOr DISASSEMDIY ... e e e e e e e e e e e e e e e e snre e e e e e nanee s 130
INJECTOI ASSEIMDIY ...ttt e e e e e e e e e e e et e et e e e e e e e e s e e an b e br e e e e e eeeeeaesaaaannnnnnneneeeees 131
L= 3 (o g 3 =Y o] S 133
(@70 4114 o ) o 1 ¢ 11 TSP 134
Y=Y oTT = T [ o1 4 = i o] o U SER 134
Pressure Limit Valve & Rail PreSSUre SENSOT.......oouueiiiiiiiiie ettt s 136
[ a](=Tex (o] I o o= PP PRP 138
Common Rail DISASSEMDIY ....ccoiiiiiie et e e e e e e e e e e e e e e 138
CoMMON RaAII ASSEMIDIY ...ttt ettt e a et e s bt e e sabe e e s aee e e anbee s eabeeesabaeesabeeesnbeeesanneaanns 139
(070) 201 a9To ) 0 = F= T I 0 =Y o - ERR 139
FUEl INJECTION PUMP e e e et e e e e e ee e e e e e e e eaa e e e e e eesannneaaeees 140
LCT=T 0 T=T = 1IN 0] 10T 11T} oS 140
Disassembly of Fuel INJECHION PUMP .......oiiiiie e e e e s 141
Assembly of Fuel INJECHION PUMP........ooi e e e e e s neneeeeeas 143

125



126



8. Fuel system

General information

General Information

A diesel engine creates combustion through the compression heat generated by compressing air inhaled into the cylinder and
the fuel injected by the fuel injection nozzle.

The high-pressure fuel generated by the high-pressure pump is stored in the common rail. The timing and amount of fuel injec-
tion is calculated by the Electronic Control Unit (ECU). The ECU injects fuel by operating the solenoid valve for the injector
installed in each cylinder.

Hyundai Doosan Infracore common rail fuel injection system separates the high-pressure apparatus from the fuel injection
apparatus. Depending on the conditions of engine operation, the ECU decides fuel volume, fuel injection timing, and pressure
for optimum performance and injects fuel in the cylinder.

The common rail fuel injection system consists of the low-pressure level for low-pressure fuel transfer, the high-pressure level
for high-pressure fuel transfer, and the ECU.

The fuel tank should be anti-corrosive. No fuel should be leaked from the fuel tank under the doubled operating pressure of the
fuel low-pressure pump. The pressure in the tank should not exceed 0.3 bars.

Pressure
limiter valve

i PRT

Rail pressure

High pressure Sensor_ <

pump CP4.1 with
metering unit FMU4

Main filter + ==l "

H20 separator + || |||

hand primer Sensors Actuators ]

[ ]3
T = ¥
e
mm High pressure @& Low pressure
ED24190077

1. Tank with pre-filter 3. Injector 5. Fuel injection pump

2. Electronic control unit 4. Common rail
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8. Fuel system

Fuel return hose

General Information

This hose is to transfer the fuel returned from the injector to
the high-pressure pipe back.

Disconnection of Fuel Return Hose

1. Disconnect the fuel return hose.

1) Press the fuel return hose into the end of the nipple and
connect it.

/A CAUTION

* Be careful to note the direction when connecting the
fuel return hose.

¢ The injector should be fully connected with the
hose.

¢ Be careful to avoid damage for fuel return hose of
injector.

¢ Don't press on the fuel hose, don't drop heavy tool
like as spanner on engine, don't step on fuel hose,
don't stand on engine.

¢ If the fuel hose are broken by wrong handling, it is
possible fire.

2) Mount 4 hose clips.
3) Mount the hose clips.

/A CAUTION

Open the adopter (B) of injector return hose (A).
Loosen the injector return hose (A).

Remove the edge clip (C).

Loosen the hose clamp (D).

Remove the cable tie (F), (C).

Disconnect the quick connector (H).
Disassemble the fuel return hose (A) and (E).

Connection of Fuel Return Hose
1. Connect the fuel return hose.

Fix the handle of hose clip to face the front of the
engine.

4) Tighten the flange hex bolts.
5) Mount the fixing clips.

Check of Fuel Return Hose

1. Check if there is any foreign substance or damaged part
in the inside and the outside of the fuel line.

2. Check if oil is leaked from the joints.

3. Check if the adaptor is damaged and oil is leaked.
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Injector

General Information

The injector uses the nozzle to inject fuel to the combustion
chamber directly. To control the injection, the solenoid valve
is used. Fuel is delivered as much as required from the open
injector nozzle and the remaining fuel is returned to the fuel
tank through the fuel return line. In addition, the fuel which
has been used to lubricate the high-pressure pump and
returned from the fuel pressure adjustment valve is returned
to the fuel tank through the return line.

The solenoid valve controls the fuel injection timing and
amount. The injector works instead of the nozzle and the
nozzle holder mounted on the existing engine. Fuel is deliv-
ered to the injector through the high-pressure connector
mounted on the cylinder head and then delivered to the valve
control chamber through the delivery hole.

The valve control chamber is opened by the solenoid valve.
It is connected to the fuel return line via the discharge hole.
The hydraulic force which has been increased by the valve
control plunger with closed discharge hole exceeds the pres-
sure value of the nozzle needle. As a result, fuel delivery to
the combustion chamber is blocked by the force given to the
contact surface of the nozzle needle.

When the solenoid valve of the injector is pulled, the
discharge hole is opened. This lowers the pressure in the
control chamber and the hydraulic power given to the
plunger. When hydraulic force is lower than the force given
to the nozzle needle pressure, the nozzle needle is opened.
Finally, fuel is injected to the combustion chamber through
the injection nozzle hole.

The reason that the nozzle needle is controlled by hydraulic
force is that the power required to open the needle quickly
cannot be directly generated from the solenoid valve. Fuel
control amount required to open the nozzle needle is added
to the fuel amount injected. The used fuel is discharged to
the fuel return line through the hole of the valve control
chamber.

Fuel loss occurs on the nozzle needle, the valve plunger
guide as well as the valve control chamber. The control
leakage fuel and the fuel gathered from the line, which
connects the over flow valve, the high-pressure pump, and
the pressure control valve, is returned to the fuel tank
through the fuel return line.

How to Operate an Injector

Injector operation is classified into four operation stages to
operate the engine and create pressure in the high-pressure
pump.

1. The injector is closed (high fuel pressure state)

2. The injector is open (starting fuel injection).

3. The injector is fully open (injecting fuel).

4. The injector is closed (ending fuel injection). These oper-
ation stages are decided by balancing the force given to
the injector components. If there is no pressure on the
common rail or the engine is stopped, the injector nozzle
does not work.

1. The injector is closed (pause state)

Under the pause state that no power is provided to the

solenoid valve of the injector, the injector does not

operate. The surface where the discharge hole exists is
tightly closed with the valve ball by the force from a valve
spring or magnet. High pressure in the common rail is
kept by the fuel control valve and the same pressure is
generated in the nozzle chamber of the injector. The
common rail fuel pressure, which is given to the end face
of the valve control chamber of the injector, and the
injector nozzle spring force are larger than the force to
open the nozzle. Therefore, the injector is closed.

The injector is open. (starting fuel injection)

When power is supplied while the injector solenoid valve

is closed, the fuel discharge hole is open by the pulling

force of the solenoid valve. Almost simultaneous with
that, the high current given to the solenoid valve is
reduced to the low current. This is because the air gap of
the electromagnet circuit gets smaller. Fuel in the valve
control chamber flows to the discharge valve hole on the
upper side and then goes into the fuel tank via the fuel
return line. The discharge hole completely breaks the
pressure balance and lowers the pressure in the valve
control chamber. As a result, the pressure in the valve
control chamber is lower than the nozzle chamber pres-
sure which has been equal to the common rail pressure.

The lowered pressure of the valve control chamber

lowers the force from the control plunger. So the nozzle

needle is open and fuel injection starts.

The injector is fully open. (injecting fuel)

The valve control plunger is stopped at the upper position

because fuel is full as fuel flows from the fuel delivery

hole. At this time, the injector nozzle is fully open and fuel
is injected to the combustion chamber at the pressure
equal to that of the common rail.

129



8. Fuel system

4. The injector is closed. (ending fuel injection) 2. Disconnect the fuel return hose.

As soon as the supply to the solenoid vale of the injector
is blocked, the valve spring applies force to the armature
downward and the valve ball closes the discharge hole.
The armature consists of two components. The armature
plate is guided by the driving shoulder and pressed
downward. However, in this case, an overspring is used.
It is a return spring that prevents the force from being
applied to the armature and the valve ball. As the
discharge hole is closed, fuel is delivered from the
delivery hole and generates pressure in the control
chamber. This fuel pressure is equal to the pressure of
the common rail and puts pressure on the valve control
plunger through the end face of the valve control plunger.
As a result, the force of the spring is added to the pres-
sure exceeding the pressure of the nozzle chamber.
Therefore, the nozzle needle is closed. The speed of
closing the nozzle needle is decided by the flow that
passes through the delivery hole. As soon as the nozzle
needle is positioned to the stop position, fuel injection is
blocked.

ED24190113

1) Open the adopter (B) of injector return hose (A).
2) Loosen the injector return hose (A).

3) Remove the edge clip (C).

4) Loosen the hose clamp (D).

5) Remove the cable tie (F), (C).

6) Disconnect the quick connector (H).

7) Disassemble the fuel return hose (A) and (E).

Injector Disassembly 3. Disconnect the fuel injection pipes.

1. Disconnect the breather hose.

[

0114
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1) Loosen the nuts connected to the injector and the
1) Remove the hose clamps. common rail
2) Disconnect the breather hose. 2) Disconnect the fuel injection pipes.

3) Loosen the nuts connected to the common rail and the
fuel injection pump.
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4) Disconnect the fuel injection pipes.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.

4. Remove the right cylinder head cover.

Loosen 10 flange hex bolts.
Remove the right cylinder head cover.

Remove the injector.

=
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1) Loosen 4 hex bolts.
2) Remove 4 injector fixtures.
3) Remove 4 injectors.

Note) Remove the cylinder head cover and remove the
injector seal ring washers.

/A CAUTION

* Be careful not to damage the injector oil seal of the
cylinder head cover.

¢ Remove it by turning the injector slowly from left to
right.

¢ Do not reuse the injector seal ring washers. Reuse
of the injector seal ring washers may cause critical
damage to the engine due to unstable combustion.

Injector Assembly

1. Attach the injectors.

i
=7
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Align the injector seal ring washer with the center of the
injector hole and mount it.

Sufficiently apply engine oil on the cylinder head cover
surface where the injectors contact.

Attach 4 injectors.

/A CAUTION

¢ Do not reuse the head cover rubber seal and the

injector oil seal but replace with new ones.

e Attach injectors by slowly turning them to prevent
damage to the cylinder head cover surface which
contacts the injectors.

* Do not reuse the injector seal ring washers. Other-
wise, critical damage to the engine may occur
because of unstable combustion.

4) Mount 4 injector fixtures.
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5) Temporarily tighten 4 hex bolts.

2) Temporarily connect the fuel injection pipes by hand.

/A CAUTION

/A CAUTION

Do not tighten the hex bolts by force when it is difficult
to tighten them temporarily. Forced tightening may
cause damage to the cylinder head.

6) Tighten 4 hex bolts at a tightening torque of 4.35
+0.35 kgf-m.

Attach the right cylinder head cover.

ED241 0118
Align the right cylinder head cover with the assembly pin
hole and attach it.
Temporarily tighten 10 flange hex bolts in the order.
Tighten 10 flange hex bolts at a tightening torque of 1
+0.1 kgf-m.
Connect the fuel injection pipes.

114

1) Loosen 2 hex bolts of the common rail.

¢ Do not bend the fuel injection pipes by force.

* Be careful to note the direction when connecting the
fuel injection pipes.

e Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

¢ Do not reuse fuel injection pipes and clamp; replace
them with new ones. Reusing fuel injection pipes and
clamp may allow foreign substances into the fuel
pipes or oil leaks from the bolt clamping to occur,
causing a critical fault in engine performance.

3) Tighten 2 hex bolts of the common rail at a tightening
torque of 2.2 kgf-m.

4) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-
ening torque of 3.0 kgf-m.

5) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection
pump, at a tightening torque of 3.0 kgf-m.

4. Connect the fuel return hose.

A

ED24190113
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8. Fuel system

1) Press the fuel return hose into the end of the nipple and
connect it.

/A\CAUTION

¢ Be careful to note the direction when connecting the
fuel return hose.

¢ The injector should be fully connected with the
hose.

¢ Be careful to avoid damage for fuel return hose of

injector.

¢ Don't press on the fuel hose, don't drop heavy tool
like as spanner on engine, don't step on fuel hose,
don't stand on engine.

¢ If the fuel hose are broken by wrong handling, it is
possible fire.

2) Mount 4 hose clips.
3) Mount the hose clips.

/A CAUTION

Fix the handle of hose clip to face the front of the
engine.

4) Tighten the flange hex bolts.
5) Mount the fixing clips.
5. Connect the breather hose.

ED24190103

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.

Injector Check
1. Check if there are any foreign substances and if the end
part of the injector is transformed.

2. Check the injector protrusion (C).
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1) Detach the cylinder head (A).
Note) Detach the cylinder head by referring to engine disas-
sembly order in Chapter 6.
2) Insert the seal ring in the cylinder head (A) and attach the
injector (B).
3) Check the injector protrusion (C) based on the cylinder
head (A) surface with a dial gauge.
Note) Be careful not to allow foreign substances to flow into
the injector and the high-pressure connector when
detaching and checking the injector.

ltem Specified Value

Injector protrusion 1.88 £0.35 mm
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Common rail

General Information

Hyundai Doosan Infracore common rail fuel injection system
separates the high-pressure apparatus from the fuel injection
apparatus. The ECU decides the fuel amount and the fuel
injection timing and pressure for the optimum performance
and injects fuel in the cylinder.

The high-pressure fuel generated from the fuel high-pres-
sure pump is stored in the common rail. When a driver oper-
ates the vehicle, fuel injection timing and optimum fuel
amount are decided based on the data set in the Electronic
Control Unit (ECU) and the solenoid valve of the injector
installed in each engine cylinder is operated to inject fuel into
the cylinder.

REEN
=

Pressure
ad limiter valve
i PRT !
Rail pressure —

High pressure sensor
pump CP4.1 with —
metering unit FMU4

Main filter + | -

H20 separator +

hand primer Sensors Actuators

=N

mm High pressure = Low pressure

1. Tank with pre-filter 3.
2. Electronic control unit 4,

Injector

Common rail

Main components of the common rail fuel injection system

are as follows.

1. Electronic Control Unit (ECU)

1) The Electronic Control Unit (ECU) receives the input signals
generated by the above input sensors based on the driver's
accelerator operation and works immediately according to
the driving performance of the engine and the vehicle. In
addition, based on the above information, the ECU gener-
ates open/close circuit - circulation circuit operations of the
vehicle and engine.

ED24190077

5. Fuel injection pump

2) The engine speed is measured by the crankshaft RPM
sensor and the ignition order is determined by the
camshaft RPM sensor. Through electrical signals gener-
ated by the potentiometer of the accelerator pedal
sensor, shows how strong the driver has pressed the
pedal. In addition, the ECU includes the turbocharger and
the intake pressure sensor. The intake pressure sensor
measures the intake pressure.

3) When itis very cold or the engine is cooled, the ECU
receives data from the coolant temperature sensor and
the air temperature sensor to operate with the best condi-
tions for engine operation.
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2.
1)

Crankshaft RPM sensor

Position of the piston in the combustion chamber is very
important. Pistons of all engines are connected to the
crankshaft via the connecting rods. The crankshaft RPM
sensor installed in the Drive Plate housing provides infor-
mation on the position of all pistons. The rev-speed is
defined as Revolutions per Minute (RPM) of the crank-
shaft. The key input parameters are calculated by the
ECU by using the signals received from the crankshaft
RPM sensor.

Camshaft RPM sensor

The camshaft RPM sensor controls the intake and
exhaust valve of the engine. It revolves at the half of the
crankshaft speed and determines whether the camshaft
position is at the compression stage or the exhaust stage
when the piston is moving toward the top dead point. This
information cannot be determined by the crankshaft RPM
sensor. However, while the engine is normally operating,
the information given by the crankshaft RPM sensor is
enough to define the engine state. It means that the ECU
receives information of the engine from the crankshaft
RPM sensor if the camshaft RPM sensor cannot sense
the engine state while the vehicle is running.

Accelerator pedal sensor

The accelerator pedal sensor sends the data generated
when a driver presses the accelerator pedal to the ECU.
The voltage value is generated by the potentiometer in
the accelerator pedal sensor. The pedal position is calcu-
lated with the programmed characteristics curves.

Fuel temperature sensor

This sensor measures the fuel temperature in the fuel
pump.

Boost pressure and temperature sensor

The boost pressure and temperature sensor is connected
to the intake stake via the O-ring. It measures the abso-
lute pressure and temperature in the intake stake.

The output signal is input to the ECU and the boost pres-
sure is calculated based on the ECU-programmed char-
acteristics curves.

Oil pressure sensor

The engine oil pressure sensor senses the pressure of
engine oil and sends the data to the ECU.

Common rail pressure sensor

Itis installed at the end of the common rail, measuring the
instantaneous internal pressure of the common rail.
Engine coolant temperature sensor

The engine coolant temperature sensor perceives the
temperature of the engine coolant sends the data to the
ECU.

Fuel Injection from the Injection Pump

Pm Main injection pressure Ps Max injection pressure

PS frmmm
— Fuel delivery start

— Fuel injection start

Injection pressure p  E=—=>
)
3

Time t [E—

Injection pressure p = =—=>

Common rail fuel injection

Pm Main injection pressure PR Common rail pressure

( Fuel injection
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Time t [E—
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8. Fuel system

The injection characteristics of the common rail are as
follows.

1. Comparing to the existing injection characteristics, the
common rail requires the ideal fuel injection as follows.
The fuel injection amount and the injection pressure work
independently from each other, satisfying conditions for
all engines.

It should be available to adjust the injection amount to low
for the ignition delay time, i.e., the period from starting
fuel injection to starting combustion at the early stage of
fuel injection.

. The common rail system is a modulized system. Gener-
ally, the following components take key roles of the injec-
tion characteristics.

Injector solenoid valve installed on the cylinder head
Common rail

Fuel high-pressure pump

Electronic Control Unit (ECU)

Crankshaft RPM sensor

Pressure Limit Valve & Rail Pressure Sensor

Safety Regulations

High pressure connction
1x from pump
4x to injectors

Interface to low
pressure connector

Nameplate RPS

Brackets (2x)

EDM02200090

Before working on the common rail high pressure fuel
system, a minimum waiting time of 30second after engine
shut-down is mandatory.

Any work at the common rail high pressure fuel system (rail,
function-block, pressure control valve, pressure limiting
valve, rail pressure sensor, pipe connection, high pressure
pipes (pump/rail or /function block, function block/rail,
rail/injectors)) is not permitted when the engine is running.

/A CAUTION

e Cutting fuel jets: injury-risk at eyes and skin.

¢ When opening the high pressure fuel system, fuel
jets can ignite on hot engine surfaces.

The first high pressure component has to loosened slowly,
so that the pressure inside the fuel system can adjust to
ambient pressure.

Pressure Limit Valve (PLV)

Internal
Bite edge 912.6 mm
M20x1.5

Disassembly

1. Clean interface area of PLV using proper degrease mate-
rials and compressed air for drying.

Loosen the PLV using a commercial wrench (WAF
dependent on PLV) and unscrew manually.

If PLV is used with a gasket remove the gasket with
proper tools.
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4. Clean the thread and sealing surface of the rail.

5. Close the rail orifice using a plastic cap after removing
the PLV. (to protect the high pressure system from dust
and dirty)

6. If the PLV will be reused, remove the sealing ring care-
fully.

Sealing ring

EDM02200092

Preparation for Assembly

1. Interface inspection
Inspect thread and sealing surfaces of the PLV and the
rail concerning any damage.
Only concentric grooves are allowed. No cuts in radial
direction are tolerable.
The sealing ring has to be replaced.

Assembly

1. Remove the plastic cap from the rail orifice

2. Screw in the PLV manually

3. Tighten the PLV using a commercial torque-wrench
according to table.

Tightening torque 100 £5 Nm
Rail Pressure Sensor (RPS)
Big bite edge
M18x1.5

Disassembly
1. Clean interface area of RPS using proper degrease
materials and compressed air for drying.
Note) Clean material must not penetrate the electric
connector!
2. Unplug electric connector.

3. Loosen the RPS using commercial wrench and unscrew

manually.

4. If RPS is used with a gasket remove the gasket with

proper tools.

5. Clean the thread and sealing surface of the rail
6. Close the rail orifice using a plastic cap after removing

the RPS to prevent contamination.

7. Not all RPS types are sufficiently protected against elec-

trical discharge (ESD).
8. Don't touch the connector pins of the RPS with bare
hands.

Inspect bite edge
Sealing area

EDM02200093

Preparation for Assembly

Inspect thread and sealing surfaces of the RPS and the rail
concerning any damage.

Only concentric grooves are allowed. No cuts in radial direc-
tion are tolerable.

Assembly

1. Screw in the RPS manually.

2. Tighten the RPS using a commercial torque-wrench
according to table.

Note) The electric cable must not be under tension.

Tightening torque 100 +5 Nm
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Injection Pipe

1. Fuel high-pressure pipe

1) The fuel high-pressure pipe transfers high-pressured fuel
of 1,800 bar. Therefore, special materials are used for
fuel line to stand the maximum pressure of the system
and the high-pressure changes which are generated
while fuel is injected. The high-pressure pipe uses both
the external diameter of @6.35 and the bore of @3.0. In
addition, the length of the fuel high-pressure pipes
between the common rail and the injector should be iden-
tical and installed as short as possible.

2. Common rail

ED24190079

F. Fuel injection pipe for
injector #1

A. Fuel injection pump

B Injector G. Fuel injection pipe for
injector #2
Fuel injection pipe for
injector #3

C Common rail H.

Fuel injection pipe for
injector #4

D. Pressure sensor I

E. Fuel supply fuel injec- J. Fuel return hose
tion pipe

Note) The front engine direction (F) is the water pump direc-

tion and the rear engine direction (R) is the Drive Plate
direction.

1) After the injector has used fuel from the common rail for
fuel injection, the pressure in the common rail is actually
kept consistently. The fuel pressure is measured by the
common rail pressure sensor and kept as a desired value
by the pressure adjustment valve. The pressure control
valve controls the fuel pressure up to 1,800 bar in the
common rail.

2) The common rail stores the fuel pumped from the
high-pressure fuel pump at the high pressure. After the
injector has used fuel from the common rail for fuel injec-
tion, the pressure pulsation in the common rail is actually
kept consistently because of the volume of the common
rail. The fuel pressure is measured by the common rail
pressure sensor and kept as a desired value by the pres-
sure adjustment valve. The pressure control valve
controls the fuel pressure up to 1,800 bar in the common
rail.

3) Hyundai Doosan Infracore common rail fuel injection
system separates the high-pressure apparatus from the
fuel injection apparatus. The ECU decides the fuel
amount and the fuel injection timing and pressure for the
optimum performance and injects fuel in the cylinder.

Common Rail Disassembly
1. Disconnect the fuel injection pipes.

ED24191 14

1) Loosen the nuts connected to the injector and the
common rail.

2) Disconnect the fuel injection pipes.

3) Loosen the nuts connected to the common rail and the
fuel injection pump.

4) Disconnect the fuel injection pipes.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.
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2.

Detach the common rail.

2. Connect the fuel injection pipes.
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1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.

Common Rail Assembly

1.

Attach the common rail.

Sl
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1) Attach the common rail to the intake manifold.

/A CAUTION

Be careful to note the direction when attaching the
common rail.

Be careful not to damage the common rail while
attaching it.

2) Temporarily tighten 2 hex bolts by hand.

3) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.

1) Loosen 2 hex bolts of the common rail.

2) Temporarily connect the fuel injection pipes by hand.

/A CAUTION

Do not bend the fuel injection pipes by force.

Be careful to note the direction when connecting the
fuel injection pipes.

Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

Do not reuse fuel injection pipes and clamp; replace
them with new ones. Reusing fuel injection pipes and
clamp may allow foreign substances into the fuel
pipes or oil leaks from the bolt clamping to occur,
causing a critical fault in engine performance.

3)

4)

5)

Tighten 2 hex bolts of the common rail at a tightening
torque of 2.2 kgf-m.

Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-
ening torque of 3.0 kgf-m.

Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection
pump, at a tightening torque of 3.0 kgf-m.

Common Rail Check

1.

Check if there is any damage on the exterior of the
common rail.

Check whether there is any damage of the pressure
sensor of the common rail.

Check if there is any damage of the fuel pressure restrict
valve.
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Fuel injection pump

General Information

Fuel high-pressure pump uses a radial piston pump to
generate high pressure in fuel. Pressure is independently
generated as fuel is injected. The RPM of the fuel high-pres-
sure pump is directly connected to the engine rotation speed
regardless of the rotation ratio of the transmission.
Comparing to the existing injection system, the common rail
injection system shows the consistent fuel delivery amount.
The injector is connected to the common rail with the
high-pressure pipe. It consists of a nozzle and a solenoid
valve. When a key switch is operated, actuating power is
supplied to the solenoid valve by the ECU. When the key
switch is blocked, the solenoid valve ends injection.

Solenoid valve switching (open/close) is operated by high
pressure and high current. Based on the values set in the
ECU, the solenoid valve of the injector is sequentially oper-
ated. The crankshaft sensor and the camshaft sensor use to
detect the engine rev count for starting fuel injection and
adjusting the injection timing.

The fuel high pressure pump pressurizes fuel at the pressure
of 1,800 bar and the pressurized fuel is delivered to the
common rail through the high-pressure line.

The fuel high-pressure pump consists of the following
components.

L)
0

1. High pressure fuel line outlet

2. Low pressure fuel line outlet

ED24190080

3.
4.

Low pressure fuel line inlet
Drive shaft
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1.
1)

Functions

The fuel high pressure pump has two pressure phase
processes: low-pressure phase and high-pressure
phase. Under all operating conditions, it transfers
high-pressure fuel in a vehicle for the entire service life-
time. In addition, it delivers fuel required to respond to the
rapidly-changing pressure in the common rail or quick
start of a vehicle. The fuel high pressure pump continu-
ously generates the system pressure necessary for the
common rail.

Operation method

The fuel delivery pump delivers fuel from the fuel tank to
the fuel high pressure pump through the fuel inlet and the
safety valve. Then the fuel high pressure pump pumps
and the transfers the fuel to the lubricating and cooling
circuit of the high pressure pump through the safety
valve. The driving shaft, which has the eccentric cam,
moves the pump piston up and down according to the
cam shape.

When the transfer pressure of the fuel delivery pump
exceeds the open pressure of the safety valve, the fuel is
transferred to the intake stroke position of the pumping
chamber where the pump piston moves up and down
through the intake valve of the fuel high pressure pump.
When the pump piston exceeds the bottom dead point,
the valve inlet is closed and fuel cannot be transferred
from the pumping chamber. So the fuel is compressed
over the delivered pressure.

As soon as the fuel pressure reaches the common rail
pressure, the outlet valve is opened. Then the
compressed fuel flows into the high pressure circuit. The
pump piston continuously transfers fuel until it reaches
the bottom dead point. After the bottom dead point is
reached, the outlet valve is closed. The fuel in the
pumping chamber is relaxed and then the pump piston
moves down again. When the pressure in the pumping
chamber is lower than the pressure of the fuel delivery
pump, the inlet valve is opened again and the above
procedure is started again.

Fuel supply collection

The fuel high pressure pump is designed to deliver a lot
of fuel. While the engine runs at idle or partial load, the
fuel excessively delivered returns to the fuel tank through
the pressure adjustment valve.

Disassembly of Fuel Injection Pump

1.

Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a

quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley

by using a space generated by the rotation of the auto
tensioner.

2. Remove the crankshaft pulley.

ED24190120

1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.

/A CAUTION

Be careful not to damage the oil seal.
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3. Remove the timing gear case.

4. Remove the timing wheel.

ED24190121

Loosen the flange hex bolt and remove the auto
tensioner.

Loosen the fixing bolt and remove the crank speed
sensor.

Loosen 16 hex bolts.

Remove the timing gear case.

/A CAUTION

Do not reuse the oil seal; replace them with new ones.

ED24190122

1) Remove the timing wheel.
5. Remove the fuel injection pump.

ED24190034

Loosen 3 flange hex nuts.

Remove the fuel injection pump.
Loosen the flange hex nut.
Remove the collar.

Remove the O-ring from the collar.

/A CAUTION

Do not reuse the O-ring; replace with a new one. Reuse
of the O-ring may cause critical damage to engine
performance to occur.
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8. Fuel system

Assembly of Fuel Injection Pump

1. Attach the fuel injection pump.

ED24190034

Mount the O-ring to the collar.

Mount the collar.

/A CAUTION

¢ Ensure that you are attaching the injection pump
drive gear so that its engraving faces the outside of
the cylinder block.

¢ Ensure that the pin direction is the opposite direc-
tion of the idle gear.

Tighten the flange hex nuts at a tightening torque of 8.2
+0.5 kgf-m.

Attach the fuel injection pump.

Position the idle gear engraving between the injection
pump drive gear engravings.

Note) You can see two injection pump drive gear engravings
and one idle gear engraving.

/A CAUTION

¢ Ensure that the idle gear engraving is positioned
between the two injection pump drive gear engrav-
ings.

¢ Align the injection pump drive gear engravings, the
idle gear engraving, and the pin of the fuel injection
pump shaft before attaching them.

The backlash between the fuel injection pump and the
idle gear is 0.087 ~ 0.200 mm.

ltem Specified Value

Backlash between the fuel
injection pump and the idle
gear

0.087 ~ 0.200 mm

7) Tighten 3 flange hex nuts at a tightening torque of
2.2 kgf-m.
2. Attach the timing wheel.

ED24190122

1) Align the timing wheel to the pin and attach it to the crank-
shaft gear surface.

/A CAUTION

Be careful not to damage the teeth of the timing wheel.

3. Attach the timing gear case.

ED24190121
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8. Fuel system

4) when the front oil seal is inserted to the timing gear case,

pull off the front oil seal assembly jig.

/A CAUTION

¢ Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

¢ Be careful of the depth of the oil seal when attaching
it.

¢ Be careful not to damage the oil seal.

e Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.

¢ Remove foreign substances such as residues from

EDM02200047 the oil seal assembly bore.
Note) Apply as follows and use TB1217H equivalent

product.
Note) Apply to the surface of TGC cover with 2.5 +0.5 mm
thickness.

¢ Do not reuse the oil seal; replace it with a new one.
¢ Be careful not to damage the oil seal when attaching
it.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.

5) Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.
6) Apply sealant (TB1217H) to the timing gear case

assembly surface with the diameter of @2.5 +0.5 mm.

/A CAUTION

¢ Be careful that the timing gear case has been
attached in the right direction.

e Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

* Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

7) Align the timing gear case with the pin and attach it.

ED24190138
1) Make the assembly surface of the timing gear case face

the ground.
2) Mount the front oil seal to the front oil seal assembly jig.

8) Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
9) Mount the crank speed sensor and then tighten the fixing
bolt.

3) Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.
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8. Fuel system

4. Attach the crankshaft pulley. 3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been

pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).

ED24190120
1) Align the crankshaft pulley to the pin and attach it.
2) Tighten flange hex bolts at a tightening torque of
26 kgf-m.

/A CAUTION

¢ Be careful not to damage the oil seal.
¢ Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

5. Attach the V-belt.

S 5@* . o

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).
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9. Intake/exhaust system

Turbocharger

General Information

Turbocharger increases the engine output by inhaling
high-density air to the cylinder by using the exhaust heat
energy of the engine.

EDL022073B

1. Exhaust pipe 4. Compressor housing 7. Airinlet

2.  Turbine housing 5. Compressor wheel

3. Turbine wheel and shaft assembly 6. Intake

1. The engine output is determined by fuel amount and
engine efficiency.

2. To combust the delivered fuel completely and convert it
to the useful work of the engine, enough air to completely
combust the fuel should be delivered to the cylinder.

3. Actually, the engine output is determined by the capacity
of the cylinder. If air is compressed and delivered to the
cylinder, the amount of air in the cylinder is increased as
much as compressed. Therefore, more fuel can be
combusted and the engine output can be increased.

8. Oil outlet
9. Exhaust gas outlet

. Turbocharger is to compress air and deliver the

compressed air to a cylinder of an engine and Turbo-
charger is a forced induction device that forces more
intake air, proportionately more fuel, into the combustion
chamber and supercharges the exhaust gas energy into
the atmosphere.
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9. Intake/exhaust system

The key functions of a turbocharger are as follows.
Turbine: Kinetic energy of the exhaust gas from the
combustion chamber passes through the turbine housing
and is captured by the turbine blades, transferring the
turning force to the turbine shaft. Turbine refers to the
device where this operation is generated. A turbine has
sealings and the heat screen to protect bearings from
harmful impact of exhaust gas.

Compressor: A compressor is connected to a shaft where
the turbine is connected, composing a rotor assembly. It
uses the turning energy from the turbine shaft to inhale
and compress air, and then transfers the compressed air
to the intake. This is the performance property of a
compressor.

Bearing system:

Thrust bearing: Shaft force acts upon the turbine wheel.
The thrust bearing prevents a shaft from being moved by
the shaft force.

Journal bearing: Journal bearings are floating types.
They create a doubled-oil film on the exterior and interior
of the bearing,

allowing the bearing to spin independently. The doubled
oil film works as a buffer reducing the sliding speed on the
surface of the bearing lower than the shaft spinning
speed, aiming dynamic stability.

Sealing of compressor shaft: A seal plate and seal ring
compose a dual structure to prevent the compressed
intake air and lubricating oil from leaking.
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9. Intake/exhaust system

Failure Diagnosis

Phenomenon

Causes

Troubleshooting

Noise or vibration

Rotating part is contacted

Repair or replace it

Unbalanced rotation of a rotor

Repair or replace it

Burn

Repair or replace it

Loose joint

Check or repair it

Deformed or damaged intake unit hose

Replace it

Poor clamping state

Adjust and tighten the clamp

Contaminated or damaged air filter

Replace and check if the impeller of the turbo-
charger is damaged

Leakage of coolant from the turbocharger or oil
from the oil hose

Replace the hose and the gasket

Leakage of gas from the exhaust manifold

Replace the gasket or tighten the fixing nut

Poor turbo actuator operation

Replace the turbocharger

Leakage from the engine block and the exhaust
manifold

Check the engine

Contaminated blow by gas and abnormal oil
amount

Check the turbo impeller and the turbo intake out-
let

Large gap of the turbocharger wheel, causing
interference with the wall

Check if there is any sand or metallic foreign sub-
stance

Damaged turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Damaged wheel and shaft of the turbocharger

Check if there is any sand or metallic foreign sub-
stance

Poor rotating force of the turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance
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9. Intake/exhaust system

Phenomenon

Causes

Troubleshooting

Lowered output

Leakage of gas from each part of the exhaust sys-
tem

Check or repair it

Clogged air filter element

Replace or clean it

Contaminated or damaged turbocharger

Repair or replace it

Leakage of air from the discharging part of the
compressor shaft

Check or repair it

Deformed or damaged intake unit hose

Replace it

Poor clamping state

Adjust and tighten the clamp

Contaminated or damaged air filter

Replace and check if the impeller of the turbo-
charger is damaged

Poor turbo actuator operation

Replace the turbocharger

Leakage from the engine block and the exhaust
manifold

Check the engine

Contaminated blow by gas and abnormal oil
amount

Check the turbo impeller and the turbo intake out-
let

Large gap of the turbocharger wheel, causing
interference with the wall

Check if there is any sand or metallic foreign sub-
stance

Damaged turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Damaged wheel and shaft of the turbocharger

Check if there is any sand or metallic foreign sub-
stance

Poor rotating force of the turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Oil leakage

Deformed or damaged intake unit hose

Replace it

Poor clamping state

Adjust and tighten the clamp

Contaminated or damaged air filter

Replace and check if the impeller of the turbo-
charger is damaged

Leakage of coolant from the turbocharger or oil
from the oil hose

Replace the hose and the gasket

Poor turbo actuator operation

Replace the turbocharger

152




9. Intake/exhaust system

Phenomenon Causes Troubleshooting
Leakage f h i lock h h .
ea .age rom the engine block and the exhaust Check the engine
manifold
Contaminated blow by gas and abnormal oil Check the turbo impeller and the turbo intake out-
amount let
Large gap of the turbocharger wheel, causing Check if there is any sand or metallic foreign sub-
interference with the wall stance
Oil leakage

Damaged turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Damaged wheel and shaft of the turbocharger

Check if there is any sand or metallic foreign sub-
stance

Poor rotating force of the turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Oil consumption

Poor clamping state

Adjust and tighten the clamp

Leakage of coolant from the turbocharger or oil
from the oil hose

Replace the hose and the gasket

Leakage from the engine block and the exhaust
manifold

Check the engine

Contaminated blow by gas and abnormal oil
amount

Check the turbo impeller and the turbo intake out-
let

Large gap of the turbocharger wheel, causing
interference with the wall

Check if there is any sand or metallic foreign sub-
stance

Damaged turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Damaged wheel and shaft of the turbocharger

Check if there is any sand or metallic foreign sub-
stance

Poor rotating force of the turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance
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Phenomenon

Causes

Troubleshooting

Black and white
emissions

Deformed or damaged intake unit hose

Replace it

Contaminated or damaged air filter

Replace and check if the impeller of the turbo-
charger is damaged

Leakage of coolant from the turbocharger or oil
from the oil hose

Replace the hose and the gasket

Poor turbo actuator operation

Replace the turbocharger

Contaminated blow by gas and abnormal oil
amount

Check the turbo impeller and the turbo intake out-
let

Large gap of the turbocharger wheel, causing
interference with the wall

Check if there is any sand or metallic foreign sub-
stance

Damaged turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Damaged wheel and shaft of the turbocharger

Check if there is any sand or metallic foreign sub-
stance

Poor rotating force of the turbocharger wheel

Check if there is any sand or metallic foreign sub-
stance

Blue emissions

Leakage from the engine block and the exhaust
manifold

Check the engine

Too much fog

Oil leakage to the turbine or compressor

Repair or replace it

Worn or damaged seal ring due to worn bearing

Repair or replace it

Too much exhaust
emissions

Clogged air filter element

Replace or clean it

Clogged air duct

Check or repair it

Air leakage from the intake system

Check or repair it

The turbocharger cannot rotate because of burning

Repair or replace it

A turbine blade or compression wing contacts with
the other one or is damaged

Repair or replace it

Deformed or clogged exhaust system pipe

Check or repair it
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How to Maintain Turbocharger

1. Cautions for engine operation

1) Observe the followings when starting, operating, and

stopping an engine.

Item

Cautions

Reasons

Starting an engine

Check the oil amount

Therefore, start the engine with the starter motor
to check the rise of oil pressure (until the grada-

tion of the oil pressure gauge moves or the pres-
sure indicator lamp is turned on).

Overhasty start of engine leads to engine rotation
without lubricating turbocharger and other engine
parts, causing abnormal wear or burning of bear-
ings.

If you replace oil, oil filter cartridge, or lubrication
system parts or use an engine in cold areas, or
the engine has stopped for a long period, loosen

again and start the engine.

the oil pipe joint at the inlet of the turbocharger
and run the starter motor until oil flows out. After
completing the work, tighten the oil pipe joint

When an engine has stopped or kept cold for a
long period, circulation of oil in the pipe gets poor.

After starting an
engine

starting it.

Operate the engine at idle for five minutes from

When the engine is suddenly loaded while the
engine and the turbocharger have not been
smoothly rotated after starting the engine, parts
with insufficient oil may be burnt.

so, take proper action.

Check if oil, gas, or air is leaked from each part. If

Leakage of oil, gas, or air (especially oil) reduces
oil pressure and loss of oil cause burning of bear-
ings.

During Operation

check the following.

Oil pressure
Atidle: 1.5 ~ 3.0 kg/cm?
Fully loaded: 3.0 ~ 5.5 kg/cm?

Too low oil pressure causes abnormal wearing or
burning of bearings. Too high oil pressure causes
oil leakage.

then figure out the causes.

When abnormal noise or vibration occurs, slowly
reduce the rotate count until the engine stops and

Operating an engine with noise or vibration may
cause irreversible damage of the engine.

Stopping an Engine

stopping it.

Operate the engine at idle for five minutes before

Sudden engine stop after operating the engine
under high load allows the heat from the
red-heated turbine blade to be delivered to the
bearing system. Then oil burns and the bearing
metal and rotation shaft are burnt.

Cautions for Maintenance

When the RPM is rapidly increased after starting the
engine, the journal bearings in the crankshaft is exces-
sively rotated, the crankshaft is rotated at excessive
speed before the journal bearing of the crankshaft is
lubricated fully. If the turbocharger rotates in this situa-
tion, bearings are not smoothly cooled and lubricated,
causing bearing burn and damage of the related parts.
Please operate the engine for two minutes or more in
order to lubricate the turbocharger fully after replacing the
engine oil or oil filter.

3)

If an engine has been operated at high speed for a long
period, fully operate the engine at idle and then stop the
engine. Otherwise, the turbine wheel continuously runs
without oil pressure in the turbocharger. Therefore, no oil
film is created on the center bearings and the journal
bearings of the turbocharger, causing bearing, wearing
out and shortening of the turbocharger lifetime.

If an engine is not operated for a long period during cold
weather or in areas with cold climate, operate the engine
at idle after starting the engine until the engine oil pres-
sure is normal.
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5) The turbocharger turbine spins at high speed of 50,000 ~
200,000 rpm. Therefore, lubrication of bearings may
determine the turbocharger lifetime. Please use only
recommended genuine engine oil and check and replace
the engine oil periodically.

Prolonged usage of contaminated air cleaner may cause

a critical damage of the turbocharger. Regularly check

and replace the air cleaner.

A turbocharger is a very complex and precise part. Only

certified and skilled technicians should work on it.

If a turbocharger is operated without intake and exhaust

pipe, serious human injury may occur and critical faults of

the engine performance may occur. Please operate a

turbocharger only when all of parts are exactly mounted

on the specified position.

Do not lift up a turbocharger by grabbing the actuator.

The actuator may be damaged because of the weight of

the turbocharger.

10) The weight of a turbocharger is about 4.0 kg or more. To
lift up a turbocharger for installing or removing it, the
worker should lower the center of gravity or press his
body close to the turbocharger. Otherwise, worker may
drop the turbocharger, causing damage of the part and

injury.

Turbocharger Disassembly
1. Disconnect the breather hose.

1) Remove the hose clamps.
2) Disconnect the breather hose.

2. Remove the turbocharger.

ED24190106
Loosen 2 hex bolts and remove the heat screen.

(if needed)

Loosen 2 hollow screws and disconnect the oil delivery
pipe.

Loosen 4 flange hex bolts.

Disconnect the oil return pipe.

Loosen 4 flange hex nuts.

Remove the turbocharger and the gasket.

Turbocharger Assembly
1. Assemble the turbocharger.

ED24190106

1) Connect the oil return pipe and gasket to the turbocharger.
2) Tighten 2 flange hex bolts at a tightening torque of
1.0 kgf-m.

156



9. Intake/exhaust system

3) Mount the turbocharger and the gasket to the exhaust
manifold.

1) Connect the breather hose.
2) Mount the hose clamps.

/A\CAUTION

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

¢ Do not reuse gaskets; replace them with new ones.

4) Tighten 4 flange hex nuts at a tightening torque of
2.2 kgf-m.

5) Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

/A CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.

6) Temporary tighten 2 hollow screws to the oil delivery pipe
manually.

7) Tighten 2 hollow screws at a tightening torque of
1.9 kgf-m.

/A CAUTION

¢ Do not reuse the oil supply pipe.

¢ Tighten the hollow screw at the cylinder block side
first, and then tighten the other at the turbocharger
side.

Note) During assembly, add 3 cc of clean oil to the turbo-
charger oil inlet.
2. Connect the breather hose.

ED24190103

Do not reuse the clamp if it has permanent deformation
by irregular shape.

Turbocharger Check

1. Routine Check and Repair: The turbocharger perfor-
mance is determined by maintenance state of the engine.
So you should regularly perform inspection and check as
specified.

1) Intake system: For the intake system, the air filter should
be carefully managed. For a wet type air filter, if the oil
amount is lower than the specified amount, filtering effi-
ciency is lowered. On the contrary, if it is too high, the
filter absorbs oil and contaminates the case. Especially,
when the rotor is contaminated, the precisely adjusted
balance is broken, causing vibration. In addition, the
bearings are overloaded, resulting in bearing burn and
abnormal wearing. Therefore, an air filter should be care-
fully used and maintained according to the instructed and
specified ways. For a dry type air filter, the intake resis-
tance should be small as possible.

2) Exhaust system: For the exhaust system, when exhaust
gas leaks from the exhaust pipe or turbocharger joint,
supercharging efficiency is lowered. So you need to pay
attention to prevent gas leakage and burn. Heat resistant
nuts are used for parts which are highly heated during
operation, such as turbine seal, and the nuts should not
be mixed with other nuts. The screw burn prevention
paint should be applied to the assembly nuts of the spec-
ified positions.

3) Lubrication system: For the lubrication system, be careful
with the oil quality and the replacement time of the
cartridge of the oil filter. Degradation of engine oil has
bad effect on the turbocharger, as well as the engine
body.

2. Regular Inspection and Repair: The state and contamina-
tion of a turbocharger should be checked regularly.

1) How to check the rotating state of a rotor assembly: You
can check the rotating state of a rotor assembly by
checking the abnormal sound which occurs while the
solid of rotation is rotating. If you use a sound rod, contact
the neb of the sound rod to the turbocharger housing and
slowly raise the RPM. If high-pitched sound continues, it
means that the state is abnormal. In this case, the
bearing or the rotor assembly may be abnormal. So you
need to replace or repair the turbocharger.
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2)

How to detach and check the turbocharger: Detach the
turbocharger from the engine and clean or check it. At
this time, seal the oil inlet and outlet with sealing tape.
Cautions for attaching the turbocharger to the engine:
Please observe the following precautions as attaching
the turbocharger to the engine and handling it after
attaching. Especially, be careful not to let foreign
substances flow into the turbocharger.

Lubrication system: Before attaching the turbocharger to
the engine, inject new oil into the oil inlet and spin the
turbine shaft to lubricate journal bearings and thrust bear-
ings. Cleanse the pipes from starting from the engine to
the oil inlet and outlet and check if there is any damage
of the pipes or foreign substance in the pipe. Precisely
connect the oil pipes to prevent oil leaks.

Intake system: Check if there is any foreign substance
within the intake system. Precisely attach the intake
system to the engine to prevent air leaks from the joints
of the intake system and the air filter.

Exhaust system: Check if there is any foreign substance
in the exhaust system. The heat-resistant bolts and nuts
should be used. Do not use any of general nuts and bolts.
Apply burn prevention paint to the bolts and nuts.
Precisely attach the exhaust system to the engine to
prevent gas leaks from the exhaust system joints.

Disassembly of EGR

1.

Disconnect the breather hose.

1)
2)
2.

Remove the hose clamps.
Disconnect the breather hose.
Remove the turbocharger.

ED24190106
Loosen 2 hex bolts and remove the heat screen.

(if needed)

Loosen 2 hollow screws and disconnect the oil delivery
pipe.

Loosen 4 flange hex bolts.

Disconnect the oil return pipe.

Loosen 4 flange hex nuts.

Remove the turbocharger and the gasket.

158



9. Intake/exhaust system

3. Remove the EGR cooler.

A

©

@)

ED24190107

1) Remove the hose clamp.
2) Disconnect 2 hose.
3)

)

4

Loosen 5 flange hex bolt.
Remove EGR cooler and 2 gasket.

/A\CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

4. Disconnect the EGR valve.

TR
T

) Remove the hose clamps.
2) Disconnect the hose.
) Loosen 4 flange hex bolt.
) Remove EGR valve and gasket.

As
1.

sembly of EGR
Attach the EGR valve.

1)

ED24190116
Attach the EGR valve and gasket to the intake manifold.

/A CAUTION

The EGR valve has to be handled with care, because
it is sensitive to external impact.

2)
3)

Tighten 4 flange hex bolts at a tightening torque 2.2 kgf-m.
Assemble hose and clamps.
Attach the EGR cooler.
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/A CAUTION

Be careful to note the direction when mounting the
EGR cooler.

Be careful not to damage the gasket while mounting
it.

1)

Mount the EGR cooler and gaskets to the exhaust
manifold and cylinder head.
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2) Tighten 3 flange hex bolts at a tightening torque of 6) Temporary tighten 2 hollow screws to the oil delivery pipe
3.1 kgf‘m. (exhaust manifold side) manually.

3) Tighten 2 flange hex bolts at a tightening torque of 7) Tighten 2 hollow screws at a tightening torque of
2.2 kgf-m. (cylinder head side) 1.9 kgf-m.

4) Assemble 2 hoses and clamps.

/A CAUTION

/A\CAUTION

¢ Do not reuse the oil supply pipe.

Do not reuse the clamps if it has permanent * Tighten the hollow screw at the cylinder block side
deformation by irregular shape. first, and then tighten the other at the turbocharger
side.

3. Assemble the turbocharger.

Note) During assembly, add 3 cc of clean oil to the turbo-
charger oil inlet.

4. Connect the breather hose.

ED24190106

1) Connect the oil return pipe and gasket to the turbocharger.

2) Tighten 2 flange hex bolts at a tightening torque of

1.0 kgf-m ED24190103
3) Mount the turbocharger and the gasket to the exhaust 1) Connect the breather hose.
manifold. 2) Mount the hose clamps.
 Be careful to note the direction when mounting the Do not reuse the clamp if it has permanent deformation
gasket. by irregular shape.

¢ Be careful not to damage the gasket while mounting
it.
¢ Do not reuse gaskets; replace them with new ones.

4) Tighten 4 flange hex nuts at a tightening torque of
2.2 kgf-m.

5) Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

/A CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.
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Intake manifold

Disassembly of Intake Manifold
1. Disconnect the throttle (inlet pipe) and the intake stake.
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Loosen 3 hex bolts.
Remove the throttle (inlet pipe) and the gaskets from the
intake stake.

Loosen 3 hex bolts.
Remove the intake stake from the intake manifold.

2. Disconnect oil level gauge and coolant hose.

mmm
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~ED24190105
1)
2)
3)
4)

Loosen the flange hex bolt.

Remove the hose clamp.

Disconnect the coolant hose.

Remove the oil level gauge.

5) Loosen the flange hex bolt.

6) Disconnect the oil level gauge guide tube.
3. Disconnect the fuel return hose.
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ED24190113
1)
2)
3)
4)
5)
6)
7)

Open the adopter (B) of injector return hose (A).
Loosen the injector return hose (A).

Remove the edge clip (C).

Loosen the hose clamp (D).

Remove the cable tie (F), (C).

Disconnect the quick connector (H).
Disassemble the fuel return hose (A) and (E).
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9. Intake/exhaust system

4. Disconnect the fuel injection pipes.

6. Disconnect the EGR valve.
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1) Loosen the nuts connected to the injector and the

common rail.

2) Disconnect the fuel injection pipes.

3) Loosen the nuts connected to the common rail and the
fuel injection pump.

4) Disconnect the fuel injection pipes.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.

5. Detach the common rail.

%V e
Ay,

"ED24190115

1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.

ED24190116

1) Remove the hose clamps.

2) Disconnect the hose.

3) Loosen 4 flange hex bolt.

4) Remove EGR valve and gasket.
7. Remove the intake manifold.

1) Loosen 13 flange hex bolts.

2) Remove the intake manifold and the gasket.
3) Loosen 2 flange hex bolts.

4) Remove EGR mixer and gasket.
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9. Intake/exhaust system

Assembly of Intake Manifold
1. Attach the intake manifold.

1) Mount the intake manifold and the gasket.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

2) Tighten 11 flange hex bolts and 2 flange hex bolts at a
tightening torque of 2.2 kgf-m.
3) Attach EGR mixer and gasket to the intake manifold.
4) Tighten 2 flange hex bolts at a tightening torque
2.2 kgf-m.
2. Attach the EGR valve.

ED24190116
1) Attach the EGR valve and gasket to the intake manifold.

/A CAUTION

The EGR valve has to be handled with care, because
it is sensitive to external impact.

2)
3)

Tighten 4 flange hex bolts at a tightening torque 2.2 kgf-m.
Assemble hose and clamps.
Attach the common rail.

1)

Attach the common rail to the intake manifold.

/A CAUTION

Be careful to note the direction when attaching the
common rail.

Be careful not to damage the common rail while
attaching it.

2)
3)
4.

Temporarily tighten 2 hex bolts by hand.
Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.
Connect the fuel injection pipes.
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1)

Loosen 2 hex bolts of the common rail.
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2)

Temporarily connect the fuel injection pipes by hand.

/A CAUTION

Do not bend the fuel injection pipes by force.

Be careful to note the direction when connecting the
fuel injection pipes.

Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

Do not reuse fuel injection pipes and clamp; replace
them with new ones. Reusing fuel injection pipes and
clamp may allow foreign substances into the fuel
pipes or oil leaks from the bolt clamping to occur,
causing a critical fault in engine performance.

Tighten 2 hex bolts of the common rail at a tightening
torque of 2.2 kgf-m.

Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-
ening torque of 3.0 kgf-m.

Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection
pump, at a tightening torque of 3.0 kgf-m.

Connect the fuel return hose.

ED24190113

1) Press the fuel return hose into the end of the nipple and

connect it.

/A CAUTION

* Be careful to note the direction when connecting the
fuel return hose.

¢ The injector should be fully connected with the
hose.

¢ Be careful to avoid damage for fuel return hose of
injector.

¢ Don't press on the fuel hose, don't drop heavy tool
like as spanner on engine, don't step on fuel hose,
don't stand on engine.

¢ If the fuel hose are broken by wrong handling, it is
possible fire.

2) Mount 4 hose clips.
3) Mount the hose clips.

/A CAUTION

Fix the handle of hose clip to face the front of the
engine.

4) Tighten the flange hex bolts.
5) Mount the fixing clips.
6. Mount the oil level gauge and the coolant hose.

ED24190105

1) Replace the O-ring of the oil level gauge guide tube with
a new part.

2) Insert the oil level gauge guide tube in the cylinder block
and connect it.

3) Tighten flange hex bolts at a tightening torque of
1.0 kgf-m.

4) Mount the oil level gauge.
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9. Intake/exhaust system

/A CAUTION /A CAUTION

Make the handle of the oil level gauge face the reverse ¢ Be careful to note the direction when mounting the

direction from the center of the engine. gasket.

¢ Be careful not to damage the gasket while mounting
it.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them

with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-

ening torque of 2.2 kgf-m.
7. Connect the throttle (inlet pipe) and the intake stake.

#Tier-4 Final Only
10

ED24190104
1) Mount the intake stake and the gasket to the cylinder
block.
2) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.
3) Connect the throttle (inlet pipe) and the gaskets to the
intake stake.
4) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.
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9. Intake/exhaust system

Exhaust manifold

Disassembly of Exhaust Manifold
1. Disconnect the breather hose.

ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.
2. Remove the turbocharger.

ED24190106
1) Loosen 2 hex bolts and remove the heat screen.

(if needed)
2) Loosen 2 hollow screws and disconnect the oil delivery
pipe.
) Loosen 4 flange hex bolts.
4) Disconnect the oil return pipe.
) Loosen 4 flange hex nuts.
) Remove the turbocharger and the gasket.

3. Remove the EGR cooler.

|

ED24190107

1) Remove the hose clamp.

2) Disconnect 2 hose.

3) Loosen 5 flange hex bolt.

4) Remove EGR cooler and 2 gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

4. Remove the thermostat.

1) Remove the hose clamps.

2) Disconnect the rubber hose.

3) Loosen 2 flange hex bolt, 2 space bolt and 2 flange hex
nut.

4) Remove thermostat.




9. Intake/exhaust system

5. Remove the exhaust manifold.

=)
i //

Loosen 4 flange hex bolts.

Remove the heat shield.
Loosen 8 flange hex bolts.

4) Remove the exhaust manifold and the gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

Assembly of Exhaust Manifold

1.

Attach the exhaust manifold.

ED24190109

Mount the gasket so that the TOP mark faces the top
surface and the front of the engine.

Attach the exhaust manifold.

Apply torque as follow below sequence.

- Tightening torque: 3.4 +0.3 kgf-m.

Apply check torque as follow below sequence again.
- Tightening torque: 3.4 +0.3 kgf-m.

EDMO02200214
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9. Intake/exhaust system

2. Attach the heat screen.

Mount the hose clamps.

1) Mount the heat screen.
2) Tighten 4 flange hex bolts at a tightening torque
1.25 0.1 kgf-m.

/A CAUTION

¢ Be careful to note the direction in which the gasket

is mounted. Mount the gasket so that the TOP mark
faces the front of the engine.

¢ Be careful not to damage the gasket while mounting
it.

3. Mount the thermostat.

ED24190108

1) Mount the thermostat to the cylinder head.

2) Tighten 2 flange hex bolt, 2 space bolt and 2 flange hex
nut as a tightening.

3) Tighten 3 flange hex bolts at a tightening torque of
2.2 kgf-m.

4) Connect the rubber hose.

/A CAUTION

After mounting the hose clamps, make the protru-
sion face the cylinder head side to prevent interfer-
ence between the protrusion and the coolant pump
pulley.

Do not use the hose clamps more than twice;
replace them with new ones.

Attach the EGR cooler.

M%hf

ED24190107

/A CAUTION

Be careful to note the direction when mounting the
EGR cooler.

Be careful not to damage the gasket while mounting
it.

4)

Mount the EGR cooler and gaskets to the exhaust
manifold and cylinder head.

Tighten 3 flange hex bolts at a tightening torque of
3.1 kgf-m. (exhaust manifold side)

Tighten 2 flange hex bolts at a tightening torque of
2.2 kgf-m. (cylinder head side)

Assemble 2 hoses and clamps.

/A CAUTION

Do not reuse the clamps if it has permanent
deformation by irregular shape.

168




9. Intake/exhaust system

5.

Assemble the turbocharger.

7) Tighten 2 hollow screws at a tightening torque of

1.9 kgf-m.

/A CAUTION

Do not reuse the oil supply pipe.

Tighten the hollow screw at the cylinder block side
first, and then tighten the other at the turbocharger
side.

Note) During assembly, add 3 cc of clean oil to the turbo-

charger oil inlet.

6. Connect the breather hose.

ED24190106

Connect the oil return pipe and gasket to the turbocharger.

Tighten 2 flange hex bolts at a tightening torque of
1.0 kgf-m.

Mount the turbocharger and the gasket to the exhaust
manifold.

/A CAUTION

Be careful to note the direction when mounting the
gasket.

Be careful not to damage the gasket while mounting
it.

Do not reuse gaskets; replace them with new ones.

Tighten 4 flange hex nuts at a tightening torque of

2.2 kgf-m.

Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

ED24190103

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.

/A CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.

6)

Temporary tighten 2 hollow screws to the oil delivery pipe
manually.
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10. Cylinder block/head

General information

General Information

Hyundai Doosan Infracore diesel engine is an air-cooled
electronic control diesel engine that uses cooling fans, over-
head valve, and turbocharger.

The high-pressure fuel generated from the fuel high-pres-
sure pump is stored in the common rail. When a driver oper-
ates the vehicle, fuel injection timing and optimum fuel
amount are decided based on the data set in the Electronic
Control Unit (ECU) and the solenoid valve of the injector
installed in each engine cylinder is operated to inject fuel into
the cylinder.

The cylinder block is made out of cast iron alloy and an
anti-vibration and anti-noise crank case is mounted. In addi-
tion, the cylinder block and the timing gear case are designed
as an integral structure to reduce the engine length and
improve tightness. The cylinder head is an integral structure,
too.

The forged crankshaft is an integral structure. The oil seals
of the crankshaft and the Drive Plate prevents oil from
permeating into the Drive Plate housing.

The connecting rod is forged and its big end part vertically
separated. Like a piston, the connecting rod can be disas-
sembled through the upper side of the cylinder. The
alloy-type prefabricated bearing is used for the active part of
the crankshaft and the connecting rod.
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10. Cylinder block/head

Cylinder block

Disassembly of Cylinder Block

1. Detach the cylinder block.

Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine)

Assembly of Cylinder Block

1. Attach the cylinder block.
Note) Refer to Chapter 6 (Procedure of Assembling an
Engine)

Check of Cylinder Block

1. Cleanse the cylinder block and check if there is any
cracked or damaged part with naked eye.

2. Replace the cylinder block if it is seriously cracked or
damaged. Repair tiny cracks if existing.

3. Check if the oil path or coolant path is clogged or
corroded.

4. Perform the hydrostatic test to check whether there is a
crank or an air leakage.

5. Block the discharging outlets of the cooling water path
and the oil path of the cylinder block and put pressure of

4 kg/cm2 on the inlet. Then sink the cylinder block in the
70 °C water for 1 minute and check if air leaks.

Measurement of Inside Diameter of Main

Bearing Bore of Cylinder Block

1. Assemble the cylinder block and the crank case.

2. Set the gauge.

3. Remove the foreign substances from the main bearing
bore of the cylinder block.

4. Measure the inside diameter of the main bearing bore of
the cylinder block.

EDL022084A

ED24190152

1) For 5ea main bearings (C) of the cylinder block, measure
10 points of the bearings: front and rear.

2) Measure three (A, B) points of the main bearing part of
the cylinder block.

3) The standard measurement value of the inside diameter
of the main bearing bore of the cylinder block is within the
range of 62.0 ~ 62.021 mm.

ltem Specified Value

Cylinder Block Inside diameter of

. . 62.0 ~ 62.021 mm
main bearing bore
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10. Cylinder block/head

Measurement of Inside Diameter of Piston
Bore of Cylinder Block

1. Set the gauge.

2. Remove the foreign substances from the piston bore of
the cylinder block.

Measure the inside diameter of the piston bore of the
cylinder block.

Measurement of Inside Diameter of Camshaft
Bearing of Cylinder Block

1. Set the gauge.

2. Remove the foreign substances from the camshaft
bearing shell of the cylinder block.

Measure the inside diameter of the camshaft bearing of

the cylinder block.
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ED24190154

1) For 4ea piston bores of the cylinder block, measure total
12 points of the piston bores: top, middle, and bottom.

2) Measure 2 points of A and B on the piston bore of the
cylinder block.

3) The standard measurement value of the inside diameter
of the piston bore of the cylinder block is within the range
of 89.990 ~ 90.010 mm.

ED24190155

1) Measure a total of 6 places at the front and rear of 3
camshaft bearing shells (D) on the cylinder block.
Measure 3 points (A, B, and C) of camshaft bearing
shells of the cylinder block.

The standard measurement value of the inside diameter
of the camshaft bearing of the cylinder block is within the
range of 45.0 ~ 45.025 mm.

Item Specified Value

ltem Specified Value

Cylinder Block Piston bore inside

. 89.990 ~ 90.010 mm
diameter

Cylinder Block Camshaft bearing

inside diameter 45.0 ~ 45.025 mm
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10. Cylinder block/head

Cylinder head

Disassembly of Cylinder Head

1. Detach the cylinder head.

Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine)

Assembly of Cylinder Head

1. Attach the cylinder head.

Note) Refer to Chapter 6 (Procedure of Assembling an
Engine)

Check of Cylinder Head

1. Remove carbon from the bottom surface of the cylinder
head.

Note) Be careful not to scratch the valve seat surface.

2. For cracks or damage which cannot be checked with
naked eye, perform the hydrostatic test or the magnetic
particle testing.

3. Check if the cylinder head is warped.

EDL022090A

1) Check 6 directions from A to F with the scale and the gap
gauge.

4. Check flatness of the cylinder head.

EDL022091A

1) Measure flatness of the intake assembly surface and the
exhaust assembly surface of the cylinder head with the
scale and the gap gauge.

5. Perform the hydrostatic test.

1) Block the discharging outlets of the cooling water path
and the oil path of the cylinder head and put pressure of

4 kg/cm2 on the inlet. Then sink the cylinder head in the

70 °C water for 1 minute and check if air leaks.
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10. Cylinder block/head

Valve

Disassembly of Valve

1. Remove the valve.

Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine)

Assembly of Valve

1. Mount the valve.

Note) Refer to Chapter 6 (Procedure of Assembling an
Engine)

Measurement of Inside Diameter of Valve
Guide

1. Mount the valve guide to the cylinder head.

Set the meter.

Measure the inside diameter of the valve guide.

Measurement of Valve Stem End

1. Mount the valve to the cylinder head.

2. Perform the zero point adjustment of the meter.
3. Measure the valve stem end (A).

ED24190054

Measure total 6 points of the valve guide to the vertical
direction (B) and the horizontal direction (A): top, middle,
and bottom.

Measure 16ea valves; 8ea intake valves and 8ea exhaust
valves.

The standard measurement value of the valve guide
inside diameter is within the range of 7.0 ~ 7.015 mm.

Item Specified Value

Valve guide inside diameter 7.0 ~7.015 mm

EDL022093A

Measure 8ea intake valve stem ends.

The standard measurement value of the intake valve
stem end is within the range of 17.0 ~ 17.5 mm.
Measure 8ea exhaust valve stem ends.

The standard measurement value of the exhaust valve
stem end is within the range of 17.1 ~ 17.6 mm.

ltem Specified Value
Intake valve stem end 17.0 ~17.5 mm
Exhaust valve stem end 17.1 ~17.6 mm
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10. Cylinder block/head

Measurement of Valve Step Height Measurement of Gap between Piston and

1. Measure the height of the contact surface of the intake Valve
and exhaust valve. If the measurement value is over the 1. Detach the cylinder head.
allowable limit, it means that the valve seat is worn. 2. Prepare measurement of the gap between the piston and
Replace the valve seat. the valve.

2. Measure the valve step height.

EDL022095A
EDL022094A 1) Prepare the lead with thickness of 3 mm.
1) Put the valves in the valve seat of the cylinder head and 2) Position the greased lead on total 16 points (A, B, C, and
measure how deep the valves have been put from the D) on the top of each piston.
cylinder head bottom surface with the dial gauge. 3) Attach the cylinder head.
2) Measure 4 points (A, B, C, and D) of the valve. 4) Rotate the crankshaft pulley in order to move the piston.
3) The standard measurement value of the intake valve is 5) Detach the cylinder head.
within the range of 0.6 ~ 0.9 mm. 3. Measure the gap between the piston and the valve.
4) The standard measurement value of the exhaust valve is 1) Measure thickness of the lead with the vernier calipers.
within the range of 0.9 ~ 1.2 mm. 2) The standard value of gap between the piston and the
intake valve is within the range of 1.12 ~ 2.29 mm.
ltem Specified Value 3) The standard value of gap between the piston and the
Intake Valve Step Height 0.6 ~ 0.9 mm exhaust valve is within the range of 1.44 ~ 2.58 mm.
Exhaust Valve Step Height 0.9~1.2mm Item Specified Value
Gap betwgen the piston and 1.32 ~ 2.33 mm
the intake valve
Gap between the piston and 1.44 - 2,58 mm

the exhaust valve
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10. Cylinder block/head

Check of Valve Spring

1. Check the exterior of the valve spring with naked eye.

1) Check if the exterior of the valve spring is damaged with
naked eye. Replace it with a new one if required.

2. Check the free length of the valve spring.

EDL022096A
1) Measure the free length of the valve spring with the
vernier calipers.
Note) If the length is too small, replace the valve spring with
a new one.
3. Check the valve spring squareness.

|~ B

N\

EDL022097A

A. Free length B. Squareness C Right-angle

square
1) Measure the squareness of the valve spring with the
surface plate and the right-angle square.
Note) If the measurement value is abnormal, replace the
valve spring with a new one.

4. Check the tension of the valve spring.

EDL022098B
1) Measure the tension of the valve spring with the spring
tester (A).
Note) If the measurement value is abnormal, replace the
valve spring with a new one.
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10. Cylinder block/head

Rocker arm

Disassembly of Rocker Arm
1. Disconnect the breather hose.

Sy
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ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.
2. Disconnect the throttle (inlet pipe) and the intake stake.

ED24190104

1) Loosen 3 hex bolts.

2) Remove the throttle (inlet pipe) and the gaskets from the
intake stake.

3) Loosen 3 hex bolts.

4) Remove the intake stake from the intake manifold.

3. Disconnect oil level gauge and coolant hose.
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ED24190105

1) Loosen the flange hex bolt.

2) Remove the hose clamp.

3) Disconnect the coolant hose.

4) Remove the oil level gauge.

5) Loosen the flange hex bolt.

6) Disconnect the oil level gauge guide tube.
4. Remove the turbocharger.

ED24190106
1) Loosen 2 hex bolts and remove the heat screen.

(if needed)

2) Loosen 2 hollow screws and disconnect the oil delivery
pipe.

3) Loosen 4 flange hex bolts.

4) Disconnect the oil return pipe.

5) Loosen 4 flange hex nuts.

6) Remove the turbocharger and the gasket.
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5. Remove the EGR cooler. 7. Remove the exhaust manifold.
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Remove the hose clamp.

Disconnect 2 hose.
Loosen 5 flange hex bolt.

)
)
)
)

Remove EGR cooler and 2 gasket.

/A\CAUTION
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6. Remove the thermostat.

ED24190109

1) Loosen 4 flange hex bolts.

2) Remove the heat shield.

3) Loosen 8 flange hex bolts.

4) Remove the exhaust manifold and the gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

ED24190108

1) Remove the hose clamps.
2) Disconnect the rubber hose.
3) Loosen 2 flange hex bolt, 2 space bolt and 2 flange hex

nut.
4) Remove thermostat.
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10. Cylinder block/head

8. Remove the coolant pump pulley.

ED24190110

1) Loosen 4 hex bolts.
2) Remove the coolant pump pulley.
9. Remove the coolant pump.
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1) Loosen 4 hex bolt and 2 flange hex nut.
2) Remove the coolant pump and the gasket.
10. Remove the lifting hooks.

1)
2)

Loosen flange bolt.
Remove the lifting hooks.

11. Disconnect the fuel return hose.

1)
2)
3)
4)
5)
6)
7)

ED24190113

Open the adopter (B) of injector return hose (A).
Loosen the injector return hose (A).

Remove the edge clip (C).

Loosen the hose clamp (D).

Remove the cable tie (F), (C).

Disconnect the quick connector (H).
Disassemble the fuel return hose (A) and (E).

12. Disconnect the fuel injection pipes.
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1)

2)
3)

ED24190114

Loosen the nuts connected to the injector and the
common rail.

Disconnect the fuel injection pipes.

Loosen the nuts connected to the common rail and the
fuel injection pump.




10. Cylinder block/head

4) Disconnect the fuel injection pipes.

15. Detach the oil cooler and the oil filter module.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.

13. Detach the common rail.
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1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.
14. Disconnect the EGR valve.

1
2
3
4

Remove the hose clamps.
Disconnect the hose.
Loosen 4 flange hex bolt.

)
)
)
)

Remove EGR valve and gasket.
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ED24190025

1) Detach the oil filter with the filter wrench.

/A CAUTION

Oil in the filter may run down while detaching the oil
filter. Be careful not to contaminate the other parts by
using a cloth when detaching the filter. After replacing
the oil filter, wipe clean any other parts which the oil
has touched.

2) Remove the oil filter module and the O-rings.

3) Loosen 3 flange hex bolts.

4) Remove the oil cooler and the O-rings from the oil filter
module.

16. Remove the intake manifold.

ED24190117

1) Loosen 13 flange hex bolts.

2) Remove the intake manifold and the gasket.
3) Loosen 2 flange hex bolts.

4) Remove EGR mixer and gasket.
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17. Remove the right cylinder head cover.

19. Disconnect the glow plugs.

ED24190118
1) Loosen 10 flange hex bolts.

2) Remove the right cylinder head cover.
18. Remove the injector.

ED24190029

1) Loosen 4 hex bolts.

2) Remove 4 injector fixtures.

3) Remove 4 injectors.

Note) Remove the cylinder head cover and remove the
injector seal ring washers.

/A CAUTION

¢ Be careful not to damage the injector oil seal of the
cylinder head cover.

¢ Remove it by turning the injector slowly from left to
right.

¢ Do not reuse the injector seal ring washers. Reuse
of the injector seal ring washers may cause critical
damage to the engine due to unstable combustion.

1) Loosen 4 hex nuts.

2) Remove the electric connector.
3) Disconnect 4 glow plugs.

20. Remove the cylinder head cover.

[0/
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1) Loosen 12 hex bolts.

2) Remove the cylinder head cover.
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21. Remove the rocker arm.

2. Attach the cylinder head cover.
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ED24190047

1) Loosen 10 flange hex bolts.
2) Remove the rocker arm.

Assembly of Rocker Arm
1. Attach the rocker arm.

ED24190047

1) Attach the rocker arm.
2) Tighten 10 flange hex bolts at a tightening torque of

2.2 +0.22 kgf-m.

ED24190§0
1) Attach the cylinder head cover.

2) Temporarily tighten 12 hex bolts.

3) Tighten 12 hex bolts at a tightening torque of 1

0.1 kgf-m.

/A CAUTION

* Be careful not to allow the seal ring of the cylinder
head cover to get out to the outside.

¢ Tighten the hex bolts of the cylinder head cover in
the order. The front engine direction is the water
pump direction and the rear engine direction is the
Drive Plate direction.

4) Mount the oil injection cap.
3. Connect the glow plugs.

"ED24190078

Tightening 4 glow plugs to the cylinder head at a tight-
ening torque of 9 ~ 12 N'm.

Attach the electric connector.

Mount 4 washers.

Tighten 4 hex nuts at a tightening torque of 1.3 ~ 2 N-m.
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4. Attach the injectors.

5. Attach the right cylinder head cover.

ED24190029

Align the injector seal ring washer with the center of the
injector hole and mount it.

Sufficiently apply engine oil on the cylinder head cover
surface where the injectors contact.

Attach 4 injectors.

/A CAUTION

¢ Do not reuse the head cover rubber seal and the
injector oil seal but replace with new ones.

e Attach injectors by slowly turning them to prevent
damage to the cylinder head cover surface which
contacts the injectors.

* Do not reuse the injector seal ring washers. Other-
wise, critical damage to the engine may occur
because of unstable combustion.

Mount 4 injector fixtures.
Temporarily tighten 4 hex bolts.

/A CAUTION

Do not tighten the hex bolts by force when it is difficult
to tighten them temporarily. Forced tightening may
cause damage to the cylinder head.

6) Tighten 4 hex bolts at a tightening torque of 4.35
+0.35 kgf-m.

ED24190118

1) Align the right cylinder head cover with the assembly pin
hole and attach it.

2) Temporarily tighten 10 flange hex bolts in the order.

3) Tighten 10 flange hex bolts at a tightening torque of 1
0.1 kgf'm.

6. Attach the intake manifold.

ED24190117
1)

Mount the intake manifold and the gasket.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

Tighten 11 flange hex bolts and 2 flange hex bolts at a
tightening torque of 2.2 kgf-m.

Attach EGR mixer and gasket to the intake manifold.
Tighten 2 flange hex bolts at a tightening torque

2.2 kgf-m.
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10. Cylinder block/head

7.

Attach the oil cooler and the oil filter module.
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ED24190025

Mount the oil cooler and 3 O-rings to the oil filter module.

Tighten 3 flange hex bolts.
Mount the oil filter module and 3 O-rings to the cylinder
block.

/A CAUTION

Make sure that the O-rings have been mounted.
Be careful not to damage the O-rings while
mounting them.

Tighten 3 flange hex bolts at a tightening torque of
2.2 kgf-m.

Wipe the surface on which the oil filter is mounted clean.

Thinly spread engine oil over the rubber packing of the
new oil filter.

Temporarily mount the oil filter by turning it by hand.
Mount the oil filter with the filter wrench at a tightening
torque of 16 ~ 20 N-m.

EDMO02200226

/A CAUTION

Check the 1 O-ring at A (black) on the top of the oil filter
and the 2 O-rings at B (yellow) on the bottom.

8. Attach the EGR valve.
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1) Attach the EGR valve and gasket to the intake manifold.

/A CAUTION

e The EGR valve has to be handled with care, because
it is sensitive to external impact.

2)
3)

Tighten 4 flange hex bolts at a tightening torque 2.2 kgf-m.
Assemble hose and clamps.
Attach the common rail.

|

ED24190115
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10. Cylinder block/head

1) Attach the common rail to the intake manifold. 5) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection

ACAUTION pump, at a tightening torque of 3.0 kgf-m.

11. Connect the fuel return hose.

¢ Be careful to note the direction when attaching the
common rail. B A

¢ Be careful not to damage the common rail while
attaching it.

2) Temporarily tighten 2 hex bolts by hand.
3) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.
10. Connect the fuel injection pipes.

h@d\% wl
ED24190113

1) Press the fuel return hose into the end of the nipple and
connect it.

/A CAUTION

* Be careful to note the direction when connecting the

|
, fuel return hose.

ED24190114 * The injector should be fully connected with the

1) Loosen 2 hex bolts of the common rail. hose.

2) Temporarily connect the fuel injection pipes by hand. * Be careful to avoid damage for fuel return hose of
injector.

A C AUT'ON ¢ Don't press on the fuel hose, don't drop heavy tool

like as spanner on engine, don't step on fuel hose,

* Do not bend the fuel injection pipes by force. don't stand on engine.

¢ Be careful to note the direction when connecting the * If the fuel hose are broken by wrong handling, it is

fuel injection pipes. possible fire.

e Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

2) Mount 4 hose clips.
3) Mount the hose clips.

¢ Do not reuse fuel injection pipes and clamp; replace A C AUTION
them with new ones. Reusing fuel injection pipes and
clamp may allow foreign substances into the fuel Fix the handle of hose clip to face the front of the
pipes or oil leaks from the bolt clamping to occur, engine.

causing a critical fault in engine performance. 4) Tighten the flange hex bolts.

5) Mount the fixing clips.
3) Tighten 2 hex bolts of the common rail at a tightening
torque of 2.2 kgf-m.
4) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-
ening torque of 3.0 kgf-m.
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10. Cylinder block/head

12. Mount the rear and front lifting hooks.

14. Attach the water pump pulley.
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1) Mount the rear lifting hook.

2) Tighten 2 flange hex bolts at a tightening torque of
4.4 kgf-m.

3) Mount the front lifting hook.

4) Tighter 3 flange hex bolt at a tightening torque of
2.2 kgf-m.

13. Attach the water pump.

ED24190111

~

Align the gasket with the stud bolts and mount it.
Align the coolant pump with the stud bolts and attach it.
Tighten 4 hex bolts and 2 flange hex nuts at a tightening

D

torque of 2.2 kgf-m.

/A CAUTION

Do not allow the gasket to protrude from or be to
one side of the coolant pump.

Be careful not to damage the gasket while mounting
it.

ED24901 10
1) Attach the water pump pulley.

2) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.
15. Attach the exhaust manifold.

ED24190109

1) Mount the gasket so that the TOP mark faces the top
surface and the front of the engine.

2) Attach the exhaust manifold.

3) Apply torque as follow below sequence.
- Tightening torque: 3.4 +0.3 kgf-m.

4) Apply check torque as follow below sequence again.
- Tightening torque: 3.4 +0.3 kgf-m.
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10. Cylinder block/head

EDMO02200214

16. Attach the heat screen.

1) Mount the heat screen.

2) Tighten 4 flange hex bolts at a tightening torque
1.25 +0.1 kgf-m.

/A CAUTION

¢ Be careful to note the direction in which the gasket
is mounted. Mount the gasket so that the TOP mark
faces the front of the engine.

* Be careful not to damage the gasket while mounting
it.

17. Mount the thermostat.

ED24190108

1) Mount the thermostat to the cylinder head.
2) Tighten 2 flange hex bolt, 2 space bolt and 2 flange hex
nut as a tightening.

3) Tighten 3 flange hex bolts at a tightening torque of
2.2 kgf-m.

4) Connect the rubber hose.

5) Mount the hose clamps.

/A CAUTION

e After mounting the hose clamps, make the protru-
sion face the cylinder head side to prevent interfer-
ence between the protrusion and the coolant pump
pulley.

¢ Do not use the hose clamps more than twice;
replace them with new ones.

18. Attach the EGR cooler.

|| [

Al

ED24190107
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/A CAUTION

¢ Be careful to note the direction when mounting the
EGR cooler.

¢ Be careful not to damage the gasket while mounting
it.

1) Mount the EGR cooler and gaskets to the exhaust
manifold and cylinder head.

2) Tighten 3 flange hex bolts at a tightening torque of
3.1 kgf'm. (exhaust manifold side)

3) Tighten 2 flange hex bolts at a tightening torque of
2.2 kgf'm. (cylinder head side)

4) Assemble 2 hoses and clamps.

/A CAUTION

Do not reuse the clamps if it has permanent
deformation by irregular shape.

19. Assemble the turbocharger.

ED24190106

1) Connect the oil return pipe and gasket to the turbocharger.

2) Tighten 2 flange hex bolts at a tightening torque of
1.0 kgf-m.

3) Mount the turbocharger and the gasket to the exhaust
manifold.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

¢ Do not reuse gaskets; replace them with new ones.

4) Tighten 4 flange hex nuts at a tightening torque of
2.2 kgf-m.

5) Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

/A CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.

6) Temporary tighten 2 hollow screws to the oil delivery pipe
manually.

7) Tighten 2 hollow screws at a tightening torque of
1.9 kgf-m.

/A CAUTION

* Do not reuse the oil supply pipe.

¢ Tighten the hollow screw at the cylinder block side
first, and then tighten the other at the turbocharger
side.

Note) During assembly, add 3 cc of clean oil to the turbo-
charger oil inlet.
20. Mount the oil level gauge and the coolant hose.

ED24190105

1) Replace the O-ring of the oil level gauge guide tube with
a new part.

2) Insert the oil level gauge guide tube in the cylinder block
and connect it.

3) Tighten flange hex bolts at a tightening torque of
1.0 kgf-m.
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4) Mount the oil level gauge.

/A CAUTION

Connect the throttle (inlet pipe) and the gaskets to the
intake stake.

4) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

Make the handle of the oil level gauge face the reverse
direction from the center of the engine.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them
with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-
ening torque of 2.2 kgf-m.
21. Connect the throttle (inlet pipe) and the intake stake.
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ED24190104

1) Mount the intake stake and the gasket to the cylinder
block.
2) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

22. Connect the breather hose.

ED24190103

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.
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Check of Rocker Arm Shaft

1. Remove the rocker arm shaft.

ED24190055

1) Loosen and remove the fixing bolts from the rocker arm
bracket.

2) Remove the rocker arm bracket, the rocker arm shaft
spring, the rocker arm, and the rocker arm shaft in the
order as listed before.

2. Check warpage of the rocker arm shaft.

EDL022101A

1) Put the rocker arm shaft on two V-blocks.
2) Install the dial gauge.
3) Check the degree of warpage of the rocker arm shaft as
rotating the rocker arm shaft.
Note) If the warpage is slight, correct it by pressing with the
press. If the warpage is out of the allowable limit,
replace it with a new one.

3. Check the outside diameter of the rocker arm shaft.

EDL022102B
1) Measure the outside diameter of the rocker arm shaft on
the position where the rocker arm is attached with the
outside diameter micrometer.
Note) If the outside diameter is out of the allowable limit,
replace it with a new one.

Check of Rocker Arm
1. Remove the rocker arm.

ED24190055

1) Loosen and remove the fixing bolts from the rocker arm
bracket.
2) Remove the rocker arm bracket, the rocker arm shaft
spring, and the rocker arm in the order as listed before.
2. Check the exterior of the rocker arm with the naked eye.
1) Check whether the adjust screw cap assembly surface,
which moves as contacting to the valve stem, is
scratched, or the layer is worn with the naked eye.
Note) If the wear is slight, polish it with the oil-contained
whetstone or fine sandpaper. If the layer is seriously
worn, replace the rocker arm with a new one.
Note) For polishing the rocker arm, use the sandpaper
dipped in oil
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3. Measure the inside diameter of the rocker arm.

ED24190168

1) Measure the rocker arm inside diameter with the microm-

eter or the vernier calipers.

2) Apply HLA & rocker arm bore A. (820)

Note) Compare the measurement value with the outside
diameter of the rocker arm shaft. If the gap is larger
than the specified value, replace the one of which
wear is more serious.
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Tappet and push rod

Disassembly of Valve Tappet

1. Detach the valve tappet.
Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine)

Assembly of Valve Tappet

1. Attach the valve tappet.
Note) Refer to Chapter 6 (Procedure of Assembling an

Engine)
Check of Valve Tappet
1. Check the exterior of the valve tappet with naked eye.
Normal Abnormal Abnormal
(Embossment)  (Crack)
Abnormal Abnormal
ED24190169

1) Check whether the valve tappet surface, which moves as
contacting to the camshaft, is cracked or scratched.
Note) If the wear is slight, polish it with the oil-contained
whetstone or fine sandpaper. If the crack or scratch is
serious, replace the valve tappet with a new one.
Note) For polishing the camshaft, use the sandpaper dipped
in oil.
2. Measure the gap of the valve tappet.
1) Measure the outside diameter of the valve tappet and the
tappet hole diameter of the cylinder block.
Note) If the diameter is out of the allowable limit, replace the
valve tappet with a new one.

3. Measure the outside diameter of the valve tappet.
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EDL022105A

1) Measure the outside diameter of the valve tappet with the
outside diameter micrometer.
Note) If the diameter is out of the allowable limit, replace the
valve tappet with a new one.

Disassembly of Push Rod
1. Disconnect the breather hose.

ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.
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2. Disconnect the throttle (inlet pipe) and the intake stake.
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Loosen 3 hex bolts.

Remove the throttle (inlet pipe) and the gaskets from the
intake stake.

Loosen 3 hex bolts.

Remove the intake stake from the intake manifold.
Disconnect oil level gauge and coolant hose.

il
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1) Loosen the flange hex bolt.

Remove the hose clamp.
Disconnect the coolant hose.
Remove the oil level gauge.
Loosen the flange hex bolt.

Disconnect the oil level gauge guide tube.
4. Remove the turbocharger.

ED24190106
Loosen 2 hex bolts and remove the heat screen.

(if needed)

Loosen 2 hollow screws and disconnect the oil delivery
pipe.

Loosen 4 flange hex bolts.

Disconnect the oil return pipe.

Loosen 4 flange hex nuts.

2)

3)
4)
5)
6)
5. Remove the EGR cooler.

Remove the turbocharger and the gasket.
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ED24190107

1) Remove the hose clamp.
2) Disconnect 2 hose.
3) Loosen 5 flange hex bolt.
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4) Remove EGR cooler and 2 gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only
remove the parts when they have fully cooled to
prevent burns.

6. Remove the thermostat.
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Remove the hose clamps.
Disconnect the rubber hose.
Loosen 2 flange hex bolt, 2 space bolt and 2 flange hex

nut.
Remove thermostat.
7. Remove the exhaust manifold.
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~ ED24190127

1) Loosen 4 flange hex bolts.

2) Remove the heat shield.

3) Loosen 8 flange hex bolts.

4) Remove the exhaust manifold and the gasket.

/A CAUTION

Exhaust gas make engine parts extremely hot. Only

remove the parts when they have fully cooled to
prevent burns.

8. Remove the coolant pump pulley.

1) Loosen 4 hex bolts.
2) Remove the coolant pump pulley.
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9. Remove the coolant pump.

ED24190111

1) Loosen 4 hex bolt and 2 flange hex nut.
2) Remove the coolant pump and the gasket.
10. Remove the lifting hooks.

ED24190112

1) Loosen flange bolt.
2) Remove the lifting hooks.
11. Disconnect the fuel return hose.
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ED24190113

1)
2)
3)
4)
5)
6)
7)
12.

Open the adopter (B) of injector return hose (A).
Loosen the injector return hose (A).

Remove the edge clip (C).

Loosen the hose clamp (D).

Remove the cable tie (F), (C).

Disconnect the quick connector (H).
Disassemble the fuel return hose (A) and (E).
Disconnect the fuel injection pipes.
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Loosen the nuts connected to the injector and the
common rail.

Disconnect the fuel injection pipes.

Loosen the nuts connected to the common rail and the
fuel injection pump.

Disconnect the fuel injection pipes.

1)

2)
3)

4)

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace

them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.
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13. Detach the common rail.

15. Detach the oil cooler and the oil filter module.

.
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1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.
14. Disconnect the EGR valve.

ED24190025

1) Detach the oil filter with the filter wrench.

/A CAUTION

ED24190116

1)
2)
3)

)

Remove the hose clamps.
Disconnect the hose.
Loosen 4 flange hex bolt.

4) Remove EGR valve and gasket.

Oil in the filter may run down while detaching the oil
filter. Be careful not to contaminate the other parts by
using a cloth when detaching the filter. After replacing
the oil filter, wipe clean any other parts which the oil
has touched.

2) Remove the oil filter module and the O-rings.

3) Loosen 3 flange hex bolts.

4) Remove the oil cooler and the O-rings from the oil filter
module.

16. Remove the intake manifold.

1) Loosen 13 flange hex bolts.

2) Remove the intake manifold and the gasket.
3) Loosen 2 flange hex bolts.

4) Remove EGR mixer and gasket.
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17. Remove the right cylinder head cover.

19. Disconnect the glow plugs.

1)
2)

ED24190118

Loosen 10 flange hex bolts.
Remove the right cylinder head cover.

18. Remove the injector.

1)
2)
3)

Loosen 4 hex bolts.
Remove 4 injector fixtures.
Remove 4 injectors.

Note) Remove the cylinder head cover and remove the

injector seal ring washers.

/A CAUTION

Be careful not to damage the injector oil seal of the
cylinder head cover.

Remove it by turning the injector slowly from left to
right.

Do not reuse the injector seal ring washers. Reuse
of the injector seal ring washers may cause critical
damage to the engine due to unstable combustion.

1) Loosen 4 hex nuts.

2) Remove the electric connector.
3) Disconnect 4 glow plugs.

20. Remove the cylinder head cover.

1) Loosen 12 hex bolts.
2) Remove the cylinder head cover.
21. Remove the rocker arm.

ED2419004
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10. Cylinder block/head

1) Loosen 10 flange hex bolts.
2) Remove the rocker arm.
22. Remove the push rods.

1) Remove the push rods.

Assembly of Push Rod

1. Connect the push rods.

ED24190048

1) Apply engine oil on both ends of the push rods.

2) Connect the push rods in the cylinder head holes.

3) Hitthe head of the push rods with a rubber hammer lightly
once or twice to get them positioned in the tappet holes.

/A CAUTION

After connecting the push rods, rotate them to check
the connection state.

2. Attach the rocker arm.

[\ \‘\\:‘ Q qg’ \

]

by

1k

ED2;1190047
1) Attach the rocker arm.
2) Tighten 10 flange hex bolts at a tightening torque of
2.2 £0.22 kgf-m.
3. Attach the cylinder head cover.

1) Attach the cylinder head cover.

2) Temporarily tighten 12 hex bolts.

3) Tighten 12 hex bolts at a tightening torque of 1
+0.1 kgf-m.

/A CAUTION

* Be careful not to allow the seal ring of the cylinder
head cover to get out to the outside.

¢ Tighten the hex bolts of the cylinder head cover in
the order. The front engine direction is the water
pump direction and the rear engine direction is the
Drive Plate direction.

4) Mount the oil injection cap.
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4.

Connect the glow plugs.

3) Attach 4 injectors.

o &

ED24190078

Tightening 4 glow plugs to the cylinder head at a tight-
ening torque of 9 ~ 12 N-m.

Attach the electric connector.

Mount 4 washers.

Tighten 4 hex nuts at a tightening torque of 1.3 ~2 N-m.
Attach the injectors.

@

€

=

1)

2)

ED24190029

Align the injector seal ring washer with the center of the
injector hole and mount it.

Sufficiently apply engine oil on the cylinder head cover
surface where the injectors contact.

/A CAUTION

* Do not reuse the head cover rubber seal and the
injector oil seal but replace with new ones.
e Attach injectors by slowly turning them to prevent

damage to the cylinder head cover surface which
contacts the injectors.

¢ Do not reuse the injector seal ring washers. Other-
wise, critical damage to the engine may occur
because of unstable combustion.

4) Mount 4 injector fixtures.
5) Temporarily tighten 4 hex bolts.

/A CAUTION

Do not tighten the hex bolts by force when it is difficult
to tighten them temporarily. Forced tightening may
cause damage to the cylinder head.

6) Tighten 4 hex bolts at a tightening torque of 4.35
+0.35 kgf-m.
6. Attach the right cylinder head cover.

ED24190118
1) Align the right cylinder head cover with the assembly pin

hole and attach it.
2) Temporarily tighten 10 flange hex bolts in the order.
3) Tighten 10 flange hex bolts at a tightening torque of 1
+0.1 kgf-m.
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7. Attach the intake manifold.

1) Mount the intake manifold and the gasket.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

2) Tighten 11 flange hex bolts and 2 flange hex bolts at a
tightening torque of 2.2 kgf-m.
3) Attach EGR mixer and gasket to the intake manifold.
4) Tighten 2 flange hex bolts at a tightening torque
2.2 kgf-m.
8. Attach the oil cooler and the oil filter module.

ED24190025

1) Mount the oil cooler and 3 O-rings to the oil filter module.
2) Tighten 3 flange hex bolts.

Mount the oil filter module and 3 O-rings to the cylinder
block.

/A CAUTION

Make sure that the O-rings have been mounted.
Be careful not to damage the O-rings while
mounting them.

Tighten 3 flange hex bolts at a tightening torque of

2.2 kgf-m.

Wipe the surface on which the oil filter is mounted clean.
Thinly spread engine oil over the rubber packing of the
new oil filter.

Temporarily mount the oil filter by turning it by hand.
Mount the oil filter with the filter wrench at a tightening

torque of 16 ~ 20 N-m.

EDM02200226

/A CAUTION

Check the 1 O-ring at A (black) on the top of the oil filter
and the 2 O-rings at B (yellow) on the bottom.
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9. Attach the EGR valve.

11. Connect the fuel injection pipes.

i

ED24190116
1) Attach the EGR valve and gasket to the intake manifold.

/A CAUTION

¢ The EGR valve has to be handled with care, because
it is sensitive to external impact.

2) Tighten 4 flange hex bolts at a tightening torque 2.2 kgf-m.
3) Assemble hose and clamps.
10. Attach the common rail.

=Z IR A
ek
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1) Attach the common rail to the intake manifold.

/A CAUTION

¢ Be careful to note the direction when attaching the
common rail.

¢ Be careful not to damage the common rail while
attaching it.

2) Temporarily tighten 2 hex bolts by hand.
3) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.

E524i901 14
1) Loosen 2 hex bolts of the common rail.
2) Temporarily connect the fuel injection pipes by hand.

/A CAUTION

Do not bend the fuel injection pipes by force.

Be careful to note the direction when connecting the

fuel injection pipes.

¢ Assemble the nut on one side of the fuel injection
pipe first, and then the nut on the other side to
connect the round part of the pipe to the correspon-
dent part correctly.

¢ Do not reuse fuel injection pipes and clamp; replace

them with new ones. Reusing fuel injection pipes and

clamp may allow foreign substances into the fuel

pipes or oil leaks from the bolt clamping to occur,

causing a critical fault in engine performance.

3

~

Tighten 2 hex bolts of the common rail at a tightening
torque of 2.2 kgf-m.

Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight-

4

~

ening torque of 3.0 kgf-m.
Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the fuel injection

5

~

pump, at a tightening torque of 3.0 kgf-m.
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12. Connect the fuel return hose.

13. Mount the rear and front lifting hooks.

ED24190113
1) Press the fuel return hose into the end of the nipple and
connect it.

/A CAUTION

¢ Be careful to note the direction when connecting the
fuel return hose.

¢ The injector should be fully connected with the
hose.

e Be careful to avoid damage for fuel return hose of
injector.

e Don't press on the fuel hose, don't drop heavy tool
like as spanner on engine, don't step on fuel hose,
don't stand on engine.

¢ If the fuel hose are broken by wrong handling, it is
possible fire.

Mount 4 hose clips.
Mount the hose clips.

/A CAUTION

Fix the handle of hose clip to face the front of the
engine.

4) Tighten the flange hex bolts.
5) Mount the fixing clips.

i)
Wll

ll \
ED24190112

1) Mount the rear lifting hook.

2) Tighten 2 flange hex bolts at a tightening torque of 4.4
kgf-m.

3) Mount the front lifting hook.

4) Tighter 3 flange hex bolt at a tightening torque of 2.2
kgf-m.

14. Attach the water pump.

4 "////‘/
5 ot///@(
ED24190111

1) Align the gasket with the stud bolts and mount it.

2) Align the coolant pump with the stud bolts and attach it.

3) Tighten 4 hex bolts and 2 flange hex nuts at a tightening
torque of 2.2 kgf-m.

/A CAUTION

* Do not allow the gasket to protrude from or be to
one side of the coolant pump.

¢ Be careful not to damage the gasket while mounting
it.
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15. Attach the water pump pulley.

ED24190110

1) Attach the water pump pulley.
2) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.
16. Attach the exhaust manifold.

N R

ED24190109

1) Mount the gasket so that the TOP mark faces the top
surface and the front of the engine.

2) Attach the exhaust manifold.

3) Apply torque as follow below sequence.
- Tightening torque: 3.4 0.3 kgf-m.

4) Apply check torque as follow below sequence again.
- Tightening torque: 3.4 £0.3 kgf-m.

EDM02200214

17. Attach the heat screen.

“ED24190127

1) Mount the heat screen.
2) Tighten 4 flange hex bolts at a tightening torque
1.25 +0.1 kgf-m.

/A CAUTION

¢ Be careful to note the direction in which the gasket
is mounted. Mount the gasket so that the TOP mark
faces the front of the engine.

* Be careful not to damage the gasket while mounting
it.

206



10. Cylinder block/head

18. Mount the thermostat.

ED24190108

Mount the thermostat to the cylinder head.
Tighten 2 flange hex bolt, 2 space bolt and 2 flange hex
nut as a tightening.

Tighten 3 flange hex bolts at a tightening torque of
2.2 kgf-m.

Connect the rubber hose.

Mount the hose clamps.

/A CAUTION

e After mounting the hose clamps, make the protru-
sion face the cylinder head side to prevent interfer-
ence between the protrusion and the coolant pump
pulley.

¢ Do not use the hose clamps more than twice;
replace them with new ones.

19. Attach the EGR cooler.

;‘i\ih

ED24190107

/A CAUTION

¢ Be careful to note the direction when mounting the
EGR cooler.

¢ Be careful not to damage the gasket while mounting
it.

Mount the EGR cooler and gaskets to the exhaust
manifold and cylinder head.

Tighten 3 flange hex bolts at a tightening torque of
3.1 kgf-m. (exhaust manifold side)

Tighten 2 flange hex bolts at a tightening torque of
2.2 kgf'm. (cylinder head side)

Assemble 2 hoses and clamps.

/A CAUTION

Do not reuse the clamps if it has permanent

deformation by irregular shape.

20. Assemble the turbocharger.

ED24190106
1) Connect the oil return pipe and gasket to the turbocharger.
2) Tighten 2 flange hex bolts at a tightening torque of
1.0 kgf-m.
Mount the turbocharger and the gasket to the exhaust
manifold.

3)

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

¢ Do not reuse gaskets; replace them with new ones.
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4) Tighten 4 flange hex nuts at a tightening torque of
2.2 kgf-m.

5) Assemble the gasket between oil return pipe and cylinder
block. Tighten 2 flange hex nuts at a tightening torque of
1.0 kgf-m.

/A\CAUTION

Do not reuse the clamp if it has permanent
deformation by irregular shape.

6) Temporary tighten 2 hollow screws to the oil delivery pipe
manually.

7) Tighten 2 hollow screws at a tightening torque of
1.9 kgf-m.

/A CAUTION

¢ Do not reuse the oil supply pipe.

¢ Tighten the hollow screw at the cylinder block side
first, and then tighten the other at the turbocharger
side.

Note) During assembly, add 3 cc of clean oil to the turbo-
charger oil inlet.
21. Mount the oil level gauge and the coolant hose.

ED24190105

1) Replace the O-ring of the oil level gauge guide tube with
a new part.

2) Insert the oil level gauge guide tube in the cylinder block
and connect it.

3) Tighten flange hex bolts at a tightening torque of
1.0 kgf-m.

4) Mount the oil level gauge.

/A CAUTION

Make the handle of the oil level gauge face the reverse
direction from the center of the engine.

5) Connect the coolant hose.
6) Mount the hose clamps.

/A CAUTION

Do not use hose clamps more than twice; replace them
with new ones.

7) Tighten flange hex bolts at a tightening torque at a tight-
ening torque of 2.2 kgf-m.
22. Connect the throttle (inlet pipe) and the intake stake.

*#Tier-4 Final Only

ED24190104

1) Mount the intake stake and the gasket to the cylinder
block.

2) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.
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3) Connect the throttle (inlet pipe) and the gaskets to the
intake stake.
4) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

/A CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

23. Connect the breather hose.

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.

Check of Warpage of Push Rod

1. Check warpage of the push rod.

Gap gauge

EDL0213007A

1) Put the push rod on the surface plate.

2) Measure the warped degree with the gap gauge as rolling

the push rod.

Item

Specified Value

Warpage of push rod

0.5 mm
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Camshaft

Disassembly of Camshaft

1.

Detach the camshaft.

Note) Refer to Chapter 6 (Procedure of Disassembling an

2.

Engine)
Remove the camshaft gear (A).

2) Mount the woodruff key (D), heat the cam gear (A) at the
temperature of 180 £10 °C, and then press in the
camshaft into the cam gear.

/A CAUTION

* NEVER let the cam gear heat to a temperature

exceeding 200 °C.
¢ The gear engraving should face outward.

2. Attach the camshaft.
Note) Refer to Chapter 6 (Procedure of Assembling an
Engine)

Measurement of Camshaft Journal Outside
Diameter

1. Set the gauge.

2. Remove foreign substances from the camshaft.

3. Measure the outside diameter of the camshaft journal.

ED24190056

Heat the camshaft gear (A) at 180 +10 °C.
Remove the camshaft gear (A) and the thrust washer (C)
from the camshaft (B).

/A CAUTION

NEVER let the camshaft gear heat to a temperature
exceeding 200 °C.

Assembly of Camshaft

1.

Mount the cam gear (A).

ED24190056

Mount the thrust washer (C) on the camshaft (B).

EDL022108B

1) For 3ea camshaft journals, measure total 6 points of the
outside diameters: front and rear.
2) Measure 2 points (vertical and horizontal) of the outside
diameters of the camshaft journals.

3) The standard measurement value of the outside diameter

of the camshaft journal is within the range of 44.950 ~
44.966 mm.

Item Specified Value

Camshaft journal 44.950 ~ 44.966 mm

Note) If the outside diameter is out of the allowable limit,
replace the camshaft with a new one.

Note) Check whether the camshaft surface is cracked or
scratched.
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Note) If the wear is slight, polish it with the oil-contained
whetstone or fine sandpaper. If the crack or scratch is
serious, replace the camshaft with a new one.

Note) For polishing the camshaft, use the sandpaper dipped
in oil.

Measurement of Camshaft
1. Check the camshaft offset.

Gap gauge

EDL0213003A

1) Move the camshaft gear to the opposite side of the
cylinder block.

2) Measure the gap between the thrust washer and the
camshaft gear with the gap gauge.

Item Specified Value

Camshaft offset 0.1 ~0.2mm

Note) Check if the gap is within the range of0.1 ~ 0.2 mm.

Note) If the offset is too large, replace the thrust washer with
a new one.

2. Measure warpage of the camshaft.

EDL022110A

1) Put the camshaft on two V-blocks.

2) Check the degree of warpage of the camshaft with the
dial gauge.
Note) If the warpage is out of the allowable limit, replace the
camshaft with a new one.

211



10. Cylinder block/head

Timing gear case
3. Remove the timing gear case.

Detaching Timing Gear Case
1. Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

2. Remove the crankshaft pulley.

ED24190121
1) Loosen the flange hex bolt and remove the auto
tensioner.
2) Loosen the fixing bolt and remove the crank speed
sensor.
3) Loosen 16 hex bolts.
4) Remove the timing gear case.

/A CAUTION

Do not reuse the oil seal; replace them with new ones.

ED24190120

1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.

/A CAUTION

Be careful not to damage the oil seal.

212



10. Cylinder block/head

Assembly of Timing Gear Case

1. Attach the timing gear case.

EDM02200047
Note) Apply as follows and use TB1217H equivalent

product.

Note) Apply to the surface of TGC cover with 2.5 +0.5 mm
thickness.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.

ED24190138
Make the assembly surface of the timing gear case face

the ground.

Mount the front oil seal to the front oil seal assembly jig.
Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.

when the front oil seal is inserted to the timing gear case,
pull off the front oil seal assembly jig.

/A CAUTION

¢ Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

¢ Be careful of the depth of the oil seal when attaching
it.

¢ Be careful not to damage the oil seal.

e Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.

¢ Remove foreign substances such as residues from
the oil seal assembly bore.

¢ Do not reuse the oil seal; replace it with a new one.

¢ Be careful not to damage the oil seal when attaching
it.

Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.
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6)

Apply sealant (TB1217H) to the timing gear case
assembly surface with the diameter of @2.5 +0.5 mm.

/A CAUTION

Be careful that the timing gear case has been
attached in the right direction.

Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

Align the timing gear case with the pin and attach it.
Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
Mount the crank speed sensor and then tighten the fixing
bolt.

Attach the crankshaft pulley.

ED24190120
Align the crankshaft pulley to the pin and attach it.
Tighten flange hex bolts at a tightening torque of
26 kgf-m.

/A CAUTION

Be careful not to damage the oil seal.
Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

3. Attach the V-belt.

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).
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Flywheel housing

1) Loosen 8 flange hex bolts.
2) Remove the flywheel.
3. Remove the flywheel housing.

Disassembly of Flywheel Housing
1. Detach the starter.

HHH
LI LI ED24190102
ED24190100

1) Loosen 8 hex bolts.
1) Loosen 3 flange nuts.

2) Detach the starter.
2. Remove the flywheel.

2) Remove the flywheel housing.

Assembly of Flywheel Housing
1. Attach the flywheel housing.

ED24190102
1) Align the flywheel housing to the pin and attach it.
2) Tighten 8 hex bolts at a tightening torque of 6.2 kgf-m.

ED24190131
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2. Mount the flywheel.

3. Attach the starter.

SAEESS
St

T
T

ED24190101

1) Mount the flywheel.
2) Tighten 8 Flange hex bolts at tightening bolt torque.

Flywheel bolt (43 mm, option)

1st: 7 £0.35 kgf.m/2nd: 45° +4°

Flywheel bolt (25 mm, option)

17 +0.85 kgf.
for flat type flywheel +0.85 kgt.m

/A CAUTION

Be careful that no foreign material (oil, etc.) is present
in the bolt and tap.

ED24190100
1) Align the starter with the pin and attach it.
2) Tighten 3 flange nuts at a tightening torque of
4.4 +1.1 kgf-m.
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Breather

Disconnection of Breather Hose
1. Disconnect the breather hose.

ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.

Connection of Breather Hose
1. Connect the breather hose.

ED24190103

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.
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Cylinder head cover

Disassembly of Cylinder Head Cover
1. Disconnect the breather hose.

ED24190103

1) Remove the hose clamps.
2) Disconnect the breather hose.
2. Disconnect the throttle (inlet pipe) and the intake stake.

)

ED24190104

1) Loosen 3 hex bolts.

2) Remove the throttle (inlet pipe) and the gaskets from the
intake stake.

3) Loosen 3 hex bolts.

4) Remove the intake stake from the intake manifold.

3. Disconnect the fuel return hose.

ED24190113

1) Open the adopter (B) of injector return hose (A).
2) Loosen the injector return hose (A).

3) Remove the edge clip (C).

4) Loosen the hose clamp (D).

5) Remove the cable tie (F), (C).

6) Disconnect the quick connector (H).

7) Disassemble the fuel return hose (A) and (E).
4. Disconnect the fuel injection pipes.

ED24190114

1) Loosen the nuts connected to the injector and the
common rail.

2) Disconnect the fuel injection pipes.

3) Loosen the nuts connected to the common rail and the
fuel injection pump.
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4) Disconnect the fuel injection pipes.

7. Remove the injector.

/A CAUTION

Do not reuse fuel injection pipes and clamp; replace
them with new ones.

If fuel injection pipes and clamp are reused it may allow
foreign substances into the fuel pipes or cause oil leaks
from bolt clamping and cause a critical fault in engine
performance.

5. Detach the common rail.

5

1) Loosen 2 hex bolts.
2) Remove the common rail from the intake manifold.
6. Remove the right cylinder head cover.

\\\~
©
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D24190118

1) Loosen 10 flange hex bolts.
2) Remove the right cylinder head cover.

ED24190029

1) Loosen 4 hex bolts.

2) Remove 4 injector fixtures.

3) Remove 4 injectors.

Note) Remove the cylinder head cover and remove the
injector seal ring washers.

/A CAUTION

* Be careful not to damage the injector oil seal of the
cylinder head cover.

¢ Remove it by turning the injector slowly from left to
right.

¢ Do not reuse the injector seal ring washers. Reuse
of the injector seal ring washers may cause critical
damage to the engine due to unstable combustion.

8. Disconnect the glow plugs.

1) Loosen 4 hex nuts.
2) Remove the electric connector.
3) Disconnect 4 glow plugs.




10. Cylinder block/head

9. Remove the cylinder head cover. 2. Connect the glow plugs.

T ED24190078

1) Loosen 12 hex bolts. 1) Tightening 4 glow plugs to the cylinder head at a tight-
2) Remove the cylinder head cover. ening torque of 9 ~ 12 N'm.

2) Attach the electric connector.
Assembly of Cylinder Head Cover 3) Mount 4 washers.
4) Tighten 4 hex nuts at a tightening torque of 1.3 ~ 2 N-m.
3. Attach the injectors.

1. Attach the cylinder head cover.

ED24190030

1) Attach the cylinder head cover.
2) Temporarily tighten 12 hex bolts. 1) Align the injector seal ring washer with the center of the
3) Tighten 12 hex bolts at a tightening torque of 1 injector hole and mount it.

+0.1 kgf-m. 2) Sufficiently apply engine oil on the cylinder head cover

surface where the injectors contact.

/A CAUTION

¢ Be careful not to allow the seal ring of the cylinder
head cover to get out to the outside.

¢ Tighten the hex bolts of the cylinder head cover in
the order. The front engine direction is the water
pump direction and the rear engine direction is the

Drive Plate direction.

4) Mount the oil injection cap.
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3) Attach 4 injectors.

5. Attach the common rail.

/A CAUTION

* Do not reuse the head cover rubber seal and the
injector oil seal but replace with new ones.

e Attach injectors by slowly turning them to prevent
damage to the cylinder head cover surface which
contacts the injectors.

¢ Do not reuse the injector seal ring washers. Other-
wise, critical damage to the engine may occur
because of unstable combustion.

Mount 4 injector fixtures.
Temporarily tighten 4 hex bolts.

/A CAUTION

Do not tighten the hex bolts by force when it is difficult
to tighten them temporarily. Forced tightening may
cause damage to the cylinder head.

6) Tighten 4 hex bolts at a tightening torque of 4.35
+0.35 kgf-m.
Attach the right cylinder head cover.

ED24190118
1) Align the right cylinder head cover with the assembly pin

hole and attach it.
2) Temporarily tighten 10 flange hex bolts in the order.
3) Tighten 10 flange hex bolts at a tightening torque of 1
+0.1 kgf-m.
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ED24190115

1) Attach the common rail to the intake manifold.

/A CAUTION

¢ Be careful to note the direction when attaching the
common rail.

¢ Be careful not to damage the common rail while
attaching it.

2) Temporarily tighten 2 hex bolts by hand.
3) Tighten 2 hex bolts at a tightening torque of 2.2 kgf-m.
6. Connect the fuel injection pipes.

=

1) Loosen 2 hex bolts of the common rail.

i
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2) Temporarily connect the fuel injection pipes by hand. 1) Press the fuel return hose into the end of the nipple and
connect it.
A\ CAUTION
¢ Do not bend the fuel injection pipes by force. ACAUTION
¢ Be careful to note the direction when connecting the * Be careful to note the direction when connecting the
fuel injection pipes. fuel return hose.
¢ Assemble the nut on one side of the fuel injection ¢ The injector should be fully connected with the
pipe first, and then the nut on the other side to hose.
connect the round part of the pipe to the correspon- ¢ Be careful to avoid damage for fuel return hose of
dent part correctly. injector.
¢ Do not reuse fuel injection pipes and clamp; replace ¢ Don't press on the fuel hose, don't drop heavy tool
them with new ones. Reusing fuel injection pipes and like as spanner on engine, don't step on fuel hose,
clamp may allow foreign substances into the fuel don't stand on engine.
pipes or oil leaks from the bolt clamping to occur, ¢ If the fuel hose are broken by wrong handling, it is
causing a critical fault in engine performance. possible fire.
3) Tighten 2 hex bolts of the common rail at a tightening 2) Mount 4 hose clips.
torque of 2.2 kgf-m. 3) Mount the hose clips.
4) Tighten the nuts of the fuel injection pipe, which are
connected to the common rail and the injector, at a tight- ACAUT'ON
ening torque of 3.0 kgf-m. i ;
. L . . Fix the handle of hose clip to face the front of the
5) Tighten the nuts of the fuel injection pipe, which are .
connected to the common rail and the fuel injection engne-
ump, at a tightening torque of 3.0 kgf-m.
7. ZOn:ect thegf]uel retSrn h(i)se. ’ 4) Tighten the flange hex bolts.

ED24190113

5) Mount the fixing clips.
8. Connect the throttle (inlet pipe) and the intake stake.

#Tier-4 Final Only

%)

ED24190199
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10. Cylinder block/head

et

1) Mount the intake stake and the gasket to the cylinder
block.

2) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

3) Connect the throttle (inlet pipe) and the gaskets to the
intake stake.

4) Tighten 3 hex bolts at a tightening torque of 2.2 kgf-m.

/A\CAUTION

¢ Be careful to note the direction when mounting the
gasket.

¢ Be careful not to damage the gasket while mounting
it.

9. Connect the breather hose.

ED24190103

1) Connect the breather hose.
2) Mount the hose clamps.

/A CAUTION

Do not reuse the clamp if it has permanent deformation
by irregular shape.
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10. Cylinder block/head

Idle gear
3. Remove the timing gear case.

Disassembly of Idle Gear
1. Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

2. Remove the crankshaft pulley.

ED24190121
1) Loosen the flange hex bolt and remove the auto
tensioner.
2) Loosen the fixing bolt and remove the crank speed
sensor.
3) Loosen 16 hex bolts.
4) Remove the timing gear case.

/A CAUTION

Do not reuse the oil seal; replace them with new ones.

ED24190120

1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.

/A CAUTION

Be careful not to damage the oil seal.
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10. Cylinder block/head

4. Remove the timing wheel. Assembly of Idle Gear
1. Attach the idle gear.

ED24190122

1) Remove the timing wheel. EDMO02200045

5. Remove the idle gear.
1) Apply engine oil to the inside of the idle gear bush in the

idle gear.
2) Attach the idle gear.

/A CAUTION

Make sure that you are attaching the idle gear so that its
engraving faces the outside of the cylinder block.

3) Position the idle gear engraving between the camshaft
gear engravings.
Note) You can see two camshaft gear engravings and one

idle gear engraving.

EDMO02200045 ACAUTION
1) Loosen 3 flange hex bolts.

2) Remove the idle gear shaft. Make sure that the idle gear engraving is positioned
3) Remove the idle gear. between the two camshaft gear engravings.

4) Position the crankshaft gear engraving mark between the
idle gear engravings.
Note) You can see one crankshaft gear engraving and two
idle gear engravings.

/A CAUTION

Make sure that the crankshaft gear engraving is posi-
tioned between two idle gear engravings.

5) Align the flange hex holes of the cylinder block to those
of the idle gear shaft.
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10. Cylinder block/head

6) Attach the idle gear shaft.

Attach the timing gear case.

/A CAUTION

Make the oil hole of the idle gear shaft face the top
surface of the cylinder block.

7) Tighten 3 flange hex bolts at a tightening torque of 4.4
kgf-m.
Backlash of the idle gear and the crankshaft gear is 0.087

~0.200 mm.

ltem Specified Value

Backlash between the idle
gear and the crankshaft
gear

0.087 ~ 0.200 mm

9) The backlash between the idle gear and the camshaft
gearis 0.087 ~ 0.211 mm.

Item Specified Value

Backlash between the idle

gear and the camshaft gear 0.087 ~ 0.211 mm

2. Attach the timing wheel.

ED24190122

1) Align the timing wheel to the pin and attach it to the crank-
shaft gear surface.

/A CAUTION

Be careful not to damage the teeth of the timing wheel.

ED24190121

EDMO02200047
Note) Apply as follows and use TB1217H equivalent

product.

Note) Apply to the surface of TGC cover with 2.5 £0.5 mm
thickness.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.

ED24190138
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10. Cylinder block/head

Make the assembly surface of the timing gear case face
the ground.

Mount the front oil seal to the front oil seal assembly jig.
Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.

when the front oil seal is inserted to the timing gear case,
pull off the front oil seal assembly jig.

/A\CAUTION

Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

Be careful of the depth of the oil seal when attaching
it.

Be careful not to damage the oil seal.

Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.
Remove foreign substances such as residues from
the oil seal assembly bore.

Do not reuse the oil seal; replace it with a new one.
Be careful not to damage the oil seal when attaching
it.

Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.

Apply sealant (TB1217H) to the timing gear case
assembly surface with the diameter of @2.5 +0.5 mm.

/A CAUTION

Be careful that the timing gear case has been
attached in the right direction.

Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

Align the timing gear case with the pin and attach it.
Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
Mount the crank speed sensor and then tighten the fixing
bolt.

4. Attach the crankshaft pulley.

ED24190120
1) Align the crankshaft pulley to the pin and attach it.
2) Tighten flange hex bolts at a tightening torque of
26 kgf-m.

/A CAUTION

¢ Be careful not to damage the oil seal.
¢ Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

5. Attach the V-belt.

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).
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10. Cylinder block/head

3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).

Measurement of OQutside Diameter of Idle Gear
Shaft

1. Set the gauge.
2. Measure the outside diameter of the idle gear shaft.

EDL022111

1) Measure total 4 points of the outside diameter of the idle
gear shaft: vertical (A), horizontal (B), front (C), and rear
(D).

2) The standard measurement value of the outside diameter
of the idle gear shaft is within the range of 59.921 ~
59.940 mm.

ltem Specified Value

Outside diameter of the idle

gear shaft 59.921 ~ 59.940 mm

Measurement of Inside Diameter of Idle Gear

1. Set the gauge.
2. Measure the inside diameter of the idle gear.

L

1) Measure total 4 points of the inside diameter of the idle
gear: vertical (A), horizontal (B), front (C), and rear (D).

2) The standard measurement value of the inside diameter
of the idle gear is within the range of 59.97 ~ 60 mm.

EDL022112A

Item Specified Value

Inside diameter of the idle
gear

59.97 ~ 60 mm
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10. Cylinder block/head

Lifting hook

Disassembly of Lifting Hook
1. Remove the V-belt.

: =Tz
7, - EE@ @‘/:C\) : %ﬁj //\\j
O (%§) W)
845 X =
‘ J
N /O
= T )

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

2. Detach the alternator.

e 77
1A
| I / [
- \ Il
,/j‘ ‘ I \
| " \\ S “ 7ﬂ‘
: ) | | s
/ : / : 1)
DN / T : | /
O A
ED24190099

1) Loosen the upper/lower bolt and remove the alternator.
2) When loosing bolt, take care not to lose nut.

3. Remove the coolant pump pulley.

i

SNz

ED24190110

1) Loosen 4 hex bolts.
2) Remove the coolant pump pulley.
4. Remove the coolant pump.

1) Loosen 4 hex bolt and 2 flange hex nut.
2) Remove the coolant pump and the gasket.
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10. Cylinder block/head

5. Remove the lifting hooks.

2. Attach the water pump.

ED24190112

1) Loosen flange bolt.
2) Remove the lifting hooks.

Assembly of Lifting Hook
1. Mount the rear and front lifting hooks.

A II@ 7|

(RNl

ED24190112
1) Mount the rear lifting hook.
2) Tighten 2 flange hex bolts at a tightening torque of
4.4 kgf-m.
3) Mount the front lifting hook.
4) Tighter 3 flange hex bolt at a tightening torque of
2.2 kgf-m.

1) Align the gasket with the stud bolts and mount it.

2) Align the coolant pump with the stud bolts and attach it.

3) Tighten 4 hex bolts and 2 flange hex nuts at a tightening
torque of 2.2 kgf-m.

/A CAUTION

¢ Do not allow the gasket to protrude from or be to
one side of the coolant pump.

¢ Be careful not to damage the gasket while mounting
it.

3. Attach the water pump pulley.

1) Attach the water pump pulley.
2) Tighten 4 hex bolts at a tightening torque of 2.2 kgf-m.




10. Cylinder block/head

4.

Attach the alternator.

|

ED24190099

Using bolt B and nut, attach the alternator temporarily.
By tightening bolt, set the position of the alternator prop-
erly.

Tighten upper bolt to a torque of 2.2 +0.2 kgf-m.

Tighten lower bolt to a torque of 6.2 +0.6 kgf-m.

Attach the V-belt.

1)

2)

ED24190098

Wind a new belt around all pulleys except for the auto
tensioner.

Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).
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11. Electric system
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11. Electric system

Electric parts

Electric Parts

ED24190171

1.  CAM: CAM Shaft Position Sensor 6. EGR: Exhaust Gas Recirculation ~ 11. INJ: Injector #1
Valve Position Sensor

2. CRK: Crank Shaft Position Sensor 7. T-MAP Sensor 12. INJ: Injector #2
3.  WTS: Water Temperature Sensor 8. OPS: Oil Pressure Sensor 13. INJ: Injector #3
4. OLS: Oil Level Sensor 9. RPS: Rail Pressure Sensor 14. INJ: Injector #4
5. EGT: Exhaust Gas Temperature 10. IMV: Inlet Metering Valve

Sensor

* EGT Sensor: Stage-V only, Oil Level Sensor: Option
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11. Electric system

Circuit diagram

General Information

1. Circuit diagrams allow you to check the circuit number of 4. ECU PIN No. is the pin number of the engine connector.
the connector connected to the engine connector of the
engine control unit (ECU). 5. Sensor PIN No. is the pin number of the sensor
connector.

- —UJ m‘
.ly N

85 y
T 0] L1 LT

EDMO03190313

The wire colors are as follows.
B: Black

- N

N

)

) Brn: Brown
) R:Red

) G: Green
) W: White
)
)
)
)

o O bW

L: Blue

RG: Red & Green
RW: Red & White
VL: Violet & Blue

© o N

10) O: Orange
11) P: Pink
12) GrL: Gray & Blue
13) RV: Red & Violet
14)RY: Red & Yellow
15) Lgra: Blue & Gray
16) LW: Blue & White

The wire types are as follows.
) FLR91X-A

) FLR91X-A_TO1
) FLR91X-A_T02
) FLR91X-A_T03
) FLR91X-A_T04
)
)
)
)

- W

N

Twist

w

Twist

N

Twist

)
)
)
Twist)
)
)
)

D O

FLR91X-A_T05
FLR91X-A_T06
FLR91X-A_TO7 (Twist
FLR91X-A_TO08 (Twist)
10) FLR91X-A_BS01 (Shield)

Twist

~

Twist

(o]
o~ N N N S~~~

©
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11.

Electric system

Engine Connector (Stage-V)

G_G_BAT1 @)
K02
Plug (k) @ O . =
G_G_BAT2 V_V_BAT2 s
< |z ko4 Ko3 Main Rela
5
S HCAIIEY V_V_BAT3
O [ ~a B _D_CANL1 K05 V1 ~— E
z|= > K31 7 30 —I 25A 3
« R V_V_BAT1 —
< E CAN - Interface #1\ B_D_CANH1 a0 Ko1 s = §
= e £
0_S_MRLY Main Relay / 7
K8 I_S_T15 Igniti tch terminal (IGN) from k th[]10A 5
IS lgnition switch terminal rom key switcl . B
b B D CANL2 b\ oo K75 C Terminal 15 Key Switch i:
CAN - Interface #2 B_D_CANH2 7.5A Fuse for T15 circuit is recc ded| &
D K81 =4
<
V_V_5VAPP1
\/ WWE
Accelerator pedal A G_R_APP1 izs
ccelerator pedal sensor OV VAP P K24 | S_BRKPS parkin .
" |_S_| g brake switch
(Optional) A _APP2 Ko7 K35
K27 —
G RAPP2Y o6 K11 dA=S_MREGSW Regeneration switch
K10 |_S_REGINH Regeneration inhibit switch
~ _Oil level sensor P K69
/" (Optional) b K70
Particle filter Differential pressure ka2
sensor b K16
b K15
foK47
Inlet DPF temp sensor
to K50
b K44
Water in fuel sensor
b K48 .
E-Feed pump relay(Optional)
ﬁ CE-Feed pump (Optional)
p-co—4)
p K28
Fuel filter temperature sensor b ka2 K40 ¢
S
o
52
=}
K794 V_V_5VAMS
K76 MAF sensor
K86 g
K87
GND
EDM02200052
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11. Electric system

l Plug (A)

Turbine inlet Temp sensor

Oil pressure sensor

Boost pressure with temperature

Rail pressure sensor

Coolant temperature sensor

Segment(Camshaft) speed sensor
(Hall Effect)

Crankshaft speed sensor

sensor signal
=

o A59
o A33

V_V_5VOPS N

I_A_OPS

G_R_OPS

V_V_5VRAILPS
I_A_RAILPS
G_R_RAILPS b

V_V_5VCAS

oAS A37
I I_F

— b A52
G_R_CAS A4
|_F_CRSPOS A20

|_F_CRSNE
_F_CRSNEG o

G_R_CRS
A57

Glow plug / Air heater

Asaegapiyan (+Lve) 0€ wial

[~

A93

D
Glow control relay

Relay LSD
U

d O_T_EGRPOS

i

O : Connected through the engine interconnector

EGR actuator (H-Bridge)

EGR position sensor

JO_T_TVAPOS

O_T_TVANEG

O_P_INJVH11
O_P_INJVL11
O_P_INJVH12
O_P_INJVL12

A22 o O_P_INJVH21

O_P_INJVL21

q
A43 O_P_INJVH22

A24 9
A45 9

BANK 1§

TVA actuator (H-Bridge)

TVA position sensor

Fuel metering unit

D24

Cyl Firing order ($):

Cyla D24
4Cyl:1342

Cyl3

Cyl2

ED24190173
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11. Electric system

Engine Connector (Tier-4 Final)

g ) O O vo 2 e Q
u
g (K) cGeata| o Jiv BAT2
c G_G BAT3 Main Relay =
o >3 — p K06 e
5| & B_D_CANL1 Kos JY=YBATS A, 3
2 e b K31 | 87 30 | 25A 8
K o - V_V_BAT1 b P
° c CAN - Interface #1 B_D_CANH1 | a0 KO1 d——= 85 U 86 = S
c D - -
] = ] x
O_S_MRLY Main Rel
= Kag 425 ain Relay I::l on <
B_D_CANL2| K80 K75 1_S_T15 Ignition switch terminal (IGN) from key switch Terminal 15 Key Switch §
o)
CAN - Interface #2 ; X B.D CANH2| 7.5A Fuse for T15 circuit is recommended. | &
P
2
e
Accel dal A G RAPPI] (22
ccelerator pedal sensor _R_ K24
= I_S_BRKPS i i
(Optional) VJ/‘»ZVQSE Ko7 K35 === EParkmg brake switch |
,Qc == K27
GRAPP2| oo
M\ Oil level sensor
" (Optional)
I_A_WFLS
Water in fuel sensor B 3 ka4
e
Nt v G_RWFLS| \4a
E-Feed pump relay(Optional)
(Optional)
Fuel filter temperature
sensor K404
&
c
3.2
~~ =
=)
K79 4 V-V_5VAMS
K76 4 |=AIATS MAF sensor
K86 9
K87 4
GND
EDMO02200053
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11. Electric system

l Plug (A)

Oil pressure sensor

Boost pressure with temperature
sensor signal

Rail pressure sensor

Coolant temperature sensor

Segment(Camshaft) speed sensor
(Hall Effect)

Crankshaft speed sensor

I_A_OPS

V_V_5VOPS |

G_R_OPS

N\

/|
y
A == AW
((cceo))

==

G_R_BPS

V_V_5VBPS |

V_V_5VRAILPS

I_A_RAILPS

G_R_RAILPS

I_A_CTS

V_V_5VCAS

|_F_CAS

A37

G_R_CAS

A52
A51

|_F_CRSPOS

A20

|_F_CRSNEG

G_R_CRS

A21
A57

Glow plug / Air heater

AKioneg opIyaA (+1ve) 0F wiaL

[] 73A

Glow control relay

A93

AB7 4

A88 9
A40
A79 ¢

Relay LSD
U

O_T_EGRPOS

O_T_EGRNEG
V_V_5VEGR

EGR actuator (H-Bridge)

EGR position sensor

A78

A22 ¢

A43 9
A24 g

A45 ¢

JO_P_INJVH11

d O_P_INJVL11
d O_P_INJVH12

10_P_INJvL12

BANK 1

O_P_INJVH21

O_P_INJVL21
O_P_INJVH22

O_P_INJVL22

O : Connected through the engine interconnector

Fuel metering unit

D24

Cylt Firing order ($):

Cyl4 D24
4Cyl:1342

Cyl3

Cyl2

ED24190198
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11. Electric system

Engine Connector of Engine Control Unit (ECU)

CI':ZU” SQ | Color Type Description To From Remarks
A063 | 0.75 B |FLR91X-A_TO1 |Rail pressure sensor ground ECU 63 |RPS 1
A062 | 0.75 | Brn |FLR91X-A_TO1 |Rail pressure sensor signal ECU 62 [RPS 2
A042 | 0.75 R |FLR91X-A_T01 |Rail pressure sensor supply ECU 42 |RPS 3
A040 | 0.75 R FLR91X-A |EGR position sensor supply ECU 40 |EGR 1
A088 1 G |FLR91X-A_T02|EGR motor minus ECU 88 |EGR 2
A078 | 0.75 B FLR91X-A |EGR position sensor ground ECU 78 |EGR 3
A079 | 0.75 w FLR91X-A |EGR position sensor signal ECU 79 |EGR 5
A067 1 L |FLR91X-A_T02|EGR motor plus ECU 67 |EGR 6
- Stage-V
A016 | 0.75 R FLR91X-A | Throttle position sensor supply ECU 16 |TROTTLE 1 only
A009 | 075 | LW |FLRo1X-A Toa|llMotle plateactuatormolor | eqyy | g |TROTTLE p | StageV
minus only
A097 | 075 | B | FLR91x-A |INrottle plate actuator ECU | 97 |TROTTLE 3 | Stage-v
feedback ground only
A098 | 075 | P | FLR91X-A |INrottle plate actuator ECU | 98 |TROTTLE 5 | Stage-v
feedback signal only
A008 | 075 | R |FLRO1X-A Tog| Mol plateactuatormotor | gqyy | g |TROTTLE 6 | StageV
plus only
A099 | 075 | RG | FLR9IX-A gr‘c’;;'igt temperature sensor ECU | 99 [COOLANT TEMP| 1
A100 | 075 | RW | FLR9IX-A ggg:”t temperature sensor ECU | 100 |COOLANT TEMP| 2
A007 | 0.75 | VL |FLRO1X-A_T04 FE;‘E'TT)ete””g unit supply ECU | 7 |METERINGUNIT| 1
A006 | 0.75 W |FLR91X-A_T04 |Fuel metering unit ECU 6 |METERING UNIT| 2
A020 | 075 B FLR91X-A_BS Qrankshaﬂ speed sensor ECU 20 |CRANK 1
01 signal plus
A021 075 P FLR91X-A_BS Qrankshgﬂ speed sensor ECU 21 |CRANK 5
01 signal minus
A057 | 0.75 B FLR91X-A |Crankshaft sensor ground ECU 57 |CRANK 3
A5t [ 075 | B | FLRoix-A |Camshaftspeed sensor ECU | 51 [CAM 1
ground
A052 | 0.75 | Bmn FLR91X-A |Camshaft speed sensor signal ECU 52 |CAM 2
A037 | 0.75 R FLR91X-A |Camshaft speed sensor supply ECU 37 |CAM 3
A095 | 0.75 FLR91X-A | TMAP sensor ground ECU 95 |TMAP 1
A061 | 0.75 FLR91X-A |TMAP sensor signal (Temp) ECU 61 |TMAP 2
A038 | 0.75 R FLR91X-A | TMAP sensor supply ECU 38 |TMAP 3
A101 | 075 | GrL FLR91X-A | TMAP sensor signal (PRES) ECU 101 |[TMAP 4
A014 | 0.75 R FLR91X-A  |Oil pressure sensor supply ECU 14 |OIL PRES 3
A035 | 0.75 B FLR91X-A  |Oil pressure sensor ground ECU 35 |OIL PRES 2
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Ci'\rlil_lit SQ | Color Type Description To From Remarks
A036 | 0.75 FLR91X-A  |Oil pressure sensor input signal ECU 36 |OIL PRES 1
A064 15 B |FLR91X-A_TO05 |Injector 1 "high" ECU 64 |INJECTOR#1 1
A085 15 | RW |FLR91X-A_TO05 |Injector 1 "low" ECU 85 [INJECTOR#1 2
A024 15 RG |FLR91X-A_T06 |Injector 2 "high" ECU 24 |INJECTOR#2 1
A45 15 B |FLR91X-A_TO06 |Injector 2 "low" ECU 45 |INJECTOR#2 2
A022 15 RG |FLR91X-A_TO07 |Injector 3 "high" ECU 22 |INJECTOR#3 1
A043 15 RV | FLR91X-A_T07 |Injector 3 "low" ECU 43 |INJECTOR#3 2
A066 15 RY |FLR91X-A_T08 |Injector 4 "high" ECU 66 |[INJECTOR#4 1
A087 15 B |FLR91X-A_TO08 |Injector 4 "low" ECU 87 |INJECTOR#4 2
A033 | 075 | O | FLR9IX-A Sg:::f;?oisnfmperature ECU | 33 |EGT 1 Stsﬁl‘;'v
A059 | 075 | P | FLROIX-A S;‘:::f;igizltemperature ECU | 59 |EGT 2 Stgﬁl‘;'v
S87 0.75 R FLR91X-A  |OQil level sensor supply OIL_LEVEL| 1 |INTER 1 Option
K070 | 0.75 B FLR91X-A |Oil level sensor ground OIL_LEVEL| 2 |INTER 3 Option
K069 | 0.75 G FLR91X-A  |Oil level sensor input signal OIL_LEVEL| 3 |INTER 4 Option
A093 | 0.75 | Lgra FLR91X-A |Glow plug relay ECU 93 |INTER 2
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11. Electric system

Switches and sensors

Injector#1

A part that injects fuel according to the injection signal

received from the ECU.

ED24190081
No ECU PIN Description
1 64 Injector 1 "High"
2 85 Injector 1 "Low"
Injector#2

A part that injects fuel according to the injection signal

received from the ECU.

ED24190082
No ECU PIN Description
1 24 Injector 2 "High"
2 45 Injector 2 "Low"

Injector#3

A part that injects fuel according to the injection signal

received from the ECU.

ED24190083
No ECU PIN Description
1 22 Injector 3 "High"
2 43 Injector 3 "Low"
Injector#4

A part that injects fuel according to the injection signal

received from the ECU.

ED24190084
No ECU PIN Description
1 66 Injector 4 "High"
2 87 Injector 4 "Low"
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11. Electric system

Coolant Temperature Sensor (COOLANT_-
TEMP)

A sensor that senses the temperature of engine cooling water.

1 ~/ 2
AN

A099

ED24190085

No ECU PIN Description

No ECU PIN Description

5 79 EGR position sensor signal

6 67 EGR motor plus

1 99 Coolant temperature sensor ground

2 100 Coolant temperature sensor signal

Exhaust Gas Recirculation Valve Position
Sensor (EGR)

A sensor used to reduce nitrogen oxide (NOx) from the
exhaust gas. It recirculates some of the exhaust gas from the
engine to the intake side. In this way, the combustion
temperature is reduced and the discharged NOx is reduced.

2

1

o]

@

ED24190086

No ECU PIN Description

1 40 EGR position sensor supply
2 88 EGR motor minus
3 78 EGR position sensor ground

Crank Shaft Position Sensor (CRANK)

A sensor that senses the position of the crankshaft in order
to sense the engine rotation speed and the position of the
piston.

ED24190087
No ECU PIN Description
1 20 Crankshaft speed sensor signal
plus
5 1 Crankshaft speed sensor signal
minus
3 57 Crankshaft sensor ground
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CAM Shaft Position Sensor (CAM)

A sensor that senses the position of the camshaft, allowing it
to check the position of each piston by using the reference
points with the same basis of the crank shaft position sensor
which cannot check the position of each piston.

ED24190088
No ECU PIN Description
1 51 Camshaft speed sensor ground
2 52 Camshaft speed sensor signal
3 37 Camshaft speed sensor supply

Temperature Manifold Absolute Pressure
Sensor (TMAP)

A sensor that measures the pressure and the temperature of
air in the intake manifold.

ED24190089
No ECU PIN Description
1 95 TMAP sensor ground
2 61 TMAP sensor signal (Temp)

No ECU PIN Description
3 38 TMAP sensor supply
4 101 TMAP sensor signal (PRES)

Oil Pressure Sensor (OIL PRES)
A sensor that measures the pressure of engine oil in the main
gallery.

ED24190090
No ECU PIN Description
1 36 Oil pressure sensor input signal
2 35 Oil pressure sensor ground
3 14 Oil pressure sensor supply
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Rail Pressure Sensor (RPS) Oil Level Sensor (OIL LEVEL)
A sensor that is installed at the end of the common rail, A sensor that measures the level of engine oil in the oil pan.

measuring the instantaneous internal pressure of the

common rail.

EDMO02190123
No ECU PIN Description
ED24190091
1 Inter 1 Oil level sensor supply
No ECU PIN Description
: 2 Inter2 | Oil level sensor ground
1 63 Rail pressure sensor ground
3 Inter 3 | Oil level sensor input signal
2 62 Rail pressure sensor signal
8 42 |Rail pressure sensor supply Throttle Valve Actuator/Position Sensor
Throttle Valve measures real value of valve angle for PID
Feul Metering Unit (METERING UNIT) control by ECU.

A valve mounted on the high-pressure pump. It adjusts the
fuel volume pumped from the pump to the rail to control the
fuel pressure on the rail.

¢ Stage-V only

ED24190164
No ECU PIN Description
ED24190092 1 16 Throttle position sensor supply
No ECU PIN Description 2 9 Throttle plate actuator motor minus
1 7 Fuel metering unit supply (BAT+) 3 97 Throttle plate actuator feedback
ground
2 6 Fuel metering unit
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No ECU PIN Description
5 98 Throttle plate actuator feedback
signal
6 8 Throttle plate actuator motor plus

Exhaust Gas Temperature Sensor (EGT)
A sensor that measures the temperature of exhaust gas in
the exhaust manifold.

% Stage-V only

ED24190165
No ECU PIN Description

Exhaust gas temperature sensor
1 33

ground

Exhaust gas temperature sensor
2 59 .

signal
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Wire harness

Disassembly of Wire Harness

1. Disconnect the connectors connected to each sensor.

2. Loosen the fixing bolts mounted on the wire harness
bracket.

3. Remove the wire harness.

Assembly of Wire Harness

1. Mount the wire harness.

2. Tighten the fixing bolts mounted on the wire harness
bracket.

3. Connect the connectors to each sensor.
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Electronic control unit (ECU)

General Information

The engine control unit (ECU) controls fuel delivery.

The ECU is connected to various sensors. Based on the
input values from the sensors, the ECU controls the engine
for optimum operation.

Before disconnecting connectors from the ECU, disconnect
the ground wire (negative (-) wire) of the battery cable. Do
not dismantle the ECU.

Electronic Control Unit (ECU) Connectors

The ECU connectors are classified into the connectors
connected to the vehicle and the connectors connected to

the engine.

1. Connectors connected to the engine

2.

Connectors connected to the vehicle

ED24190096
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11. Electric system

I/0 of Electronic Control Unit (ECU)

ECU /O

o Water Temperature Sensor

e Fuel Temperature Sensor

« Boost pressure / Temperature Sensor
* Qil Pressure Sensor

« Crankshaft Rotation Detection Sensor
» Camshaft Rotation Detection Sensor

* Rail Pressure Sensor

Engine output

* Injector Output

* Fuel High Pressure Pump
(Fuel Mitering Unit)

o Start Switch

* Ignition Switch

s

Vehicle Output

e Preheater Relay Output

e Preheat Indicator Lamp

* Failure Diagnosis Information Display Lamp
* RPM and Vehicle Speed Display

Communication

* Engine Diagnosis Communication

o CAN Communication

ED24190175
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11. Electric system

Operational Conditions of Electronic Control 3) The information can be monitored with the ECU diag-
Unit (ECU) nosis device.
1. Engine Start

1) Sets the reference temperature for determining preheat
to the lowest temperature among coolant temperature,
fuel temperature, intake air temperature, and oil tempera-
ture.

2) Sets the reference temperature for determining fuel
volume by setting the engine cooling temperature.

3) Determines the appropriate fuel volume to start the
engine, delivers the fuel to the engine, and measures the
RPM signal by using the crankshaft rev-count sensor.

2. Vehicle driving

1) Calculates the required data for driving a vehicle, such as
CAN data and the RPM transferred from the vehicle
control unit.

3. Driver-requested Adjustment of RPM

1) Controls the RPM based on request from the driver and
controls the engine based on the RPM requested by the
vehicle control unit.

4. Limp Home

1) A function that allows drivers to drive their vehicle to the
repair center safely with the minimum conditions for
driving the vehicle when a fault code occurs.

2) Limp Home function is applied under the following condi-
tions.

* Accelerator pedal has failed: Regardless of pressing the
accelerator pedal, the vehicle is driven at a consistent
RPM.

* Sensor has failed: When sensors have failed, the vehicle
is driven with the consistent alternative values.

e Qutput is limited: According to the fault type, the fuel
volume delivered to the engine is limited. The limit is clas-
sified into four levels. The fuel volume is limited according
to the severity of the fault.

¢ Diagnosis Information Display Lamp: Provides informa-
tion of fault state to drivers for safe driving.

5. Failure Diagnosis

1) When a fault occurs, the failure diagnosis information
display lamp on the gauge board is turned on.

2) With the failure diagnosis information display lamp,
drivers can see the fault code.

Note) It can be checked from the failure diagnosis informa-

tion on the gauge board.

3) It can be diagnosed by connecting the diagnosis unit to
the check connector at the back of the driver's seat.

6. Driving record

1) Writes the information related driving to the ECU.

2) The information on fuel consumption, engine use time,
and ECU use time is written in the ECU.
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Starter

General Information

The starter is mounted at the rear of the Drive Plate housing. When disassembling the engine, put the pinion gear and ring gear
of the starter into fuel, brush them, and then apply grease to them in order to prevent rust.

12V X 2.5kW

Battery terminal
M10 x 1.5P

Switch teminal

D 2

Ground teminal
M10 x 1.5P

ED24190139

Wiring Diagram Note) The starter should be away from moisture in any case
and any time.

/A CAUTION

Before working on the electrical system, separate the

ground wire (negative (-) wire) of the battery. Short

circuit may occur while working on the electrical

_o/ S system. Connect the ground wire last after completing
S/W CND all of work.

ow
)=

ED24190140
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Disassembly of Starter
1. Detach the starter.

ED24190100

1) Loosen 3 flange nuts.
2) Detach the starter.

Assembly of Starter
1. Attach the starter.
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1) Align the starter with the pin and attach it.
2) Tighten 3 flange nuts at a tightening torque of

4.4 +1.1 kgf-m.

ED24190100
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Alternator

General Information

The alternator is fitted with integral silicon rectifiers.
A transistorized regulator mounted on the alternator body

The alternator should not be operated except with the regu-
lator and battery connected in circuit

interior limits the alternator voltage. to avoid damage to the rectifier and regulator.

13.5V X 110A (Option Type 1)

13.5V x 110A

ED24190180

13.5V X 140A (Option Type 2)

13.5V x 140A

ED24190187
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Wiring Diagram
The alternator is maintenance-free, nevertheless, it must be
protected against dust and, above all, against moisture and

2. Detach the alternator.

water.
B+
?
NN D 9. 0. %0
H:_ FR

= I L

A A A Y i H-C
?—/‘0‘0‘0‘0‘0‘0‘\-0—’-}7,_ B
I
”/
Regulator
ED24190181

Disassembly of Alternator
1. Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

ED24190099

1) Loosen the upper/lower bolt and remove the alternator.
2) When loosing bolt, take care not to lose nut.

Assembly of Alternator
1. Attach the alternator.

ED24190099

1) Using bolt B and nut, attach the alternator temporarily.

2) By tightening bolt, set the position of the alternator prop-
erly.

3) Tighten upper bolt to a torque of 2.2 +0.2 kgf-m.

4) Tighten lower bolt to a torque of 6.2 +0.6 kgf-m.
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2. Attach the V-belt.

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).
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12. Others/driving system

General information

General Information

1. The forged crankshaft is an integral structure. The crank-
shaft and the rear oil seals prevent oil from permeating
into the Drive Plate housing.

2. The connecting rod is forged and its large end part is
vertically separated.

Therefore, like a piston, the connecting rod can be disas-
sembled through the upper side of the cylinder.

An alloy-type prefabricated bearing is used for the active
part of the crankshaft and the connecting rod.

3. The camshaft, oil pump, and high-pressure injection
pump are driven by gear connection in the timing gear
case.
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12. Others/driving system

Specifications

Item

Specifications

DM02-MFP0OO/MFP01/MFP02/MFPO3/LEPO
0/LEPO1/LEP02/LEPO3

Remarks

Others/Driving System

Piston outside diameter

Grade A: 89.920 ~ 89.930 mm
Grade B: 89.930 ~ 89.940 mm

Gap between cylinder and piston

0.060 ~ 0.080 mm

Top ring groove

1.915 ~ 1.945 mm

Piston ring groove area |2nd ring groove

2.060 ~ 2.080 mm

Oil ring groove

3.020 ~ 3.040 mm

Top ring side gap

0.083 ~ 0.133 mm

Piston ring side gap 2nd ring side gap

0.070 ~ 0.110 mm

Oil ring side gap

0.030 ~ 0.070 mm

Piston ring end gap

Top ring end gap 0.20 ~ 0.30 mm
2nd ring end gap 0.55 ~ 0.70 mm
Oil ring end gap 0.2~0.4mm

Piston pin outside diameter

30.995 ~ 31,000 mm

Piston pin hole bore

31.008 ~ 31.014 mm

Piston pin hole gap

0.008 ~ 0.019 mm

Connecting rod small-end bore

31.025 ~ 31.038 mm

Connecting rod small-end hole gap

0.025 ~ 0.043 mm

Connecting rod large-end bore

57,000 ~ 57.015 mm

Connecting rod bearing oil gap

0.026 ~ 0.064 mm

Connecting rod end play

0.15~0.3 mm

Crankshaft main journal outside diameter

57.955 ~ 57.970 mm

Crankshaft pin journal outside diameter

53.955 ~ 53.970 mm

Crankshaft main bearing oil gap

0.029 ~ 0.059 mm

Crankshaft end play

0.1 ~0.31 mm
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12. Others/driving system

Crankshaft

Disassembly of Crankshaft

1. Remove the crankshaft.

Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine)

Assembly of Crankshaft

1. Attach the crankshaft.
Note) Refer to Chapter 6 (Procedure of Assembling an
Engine).

Measurement of Crankshaft Main Journal
Diameter

1.

Check whether there is any cracked or scratched part on

the journal and pins of the crankshaft with the naked eye.

Perform the magnetic particle testing or the liquid pene-
trant testing to check the cracks on the crankshaft. If

cracks are found, replace the crankshaft with a new one.

Set the gauge.
Remove foreign substances from the crankshaft.
Measure the diameter of the crankshaft main journal

EDL022121C

1) Measure the diameter of the crankshaft journal with the

outside diameter micrometer.

2) Measure total 20 points of the inside diameter of the idle

gear: 5 points of vertical (A), horizontal (B), front (C), and
rear (D).

3) The standard measurement value of the diameter of the

crankshaft journal is within the range of 57.955 ~ 57.970
mm.

Item Specified Value

Crankshaft journal diameter 57.955 ~ 57.970 mm

Measurement of Crankshaft Bearing Gap

1.
2.

Mount the crankshaft to the cylinder block.
Measure the gap of the crankshaft bearing.
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EDL022122A

1) Put the plastic gauges on 5 points on the crankshaft
which contact with the crankshaft bearing part.

2) Assemble the crank case at the specified torque and then

disassemble it.

3) Check the width of the plastic gauges.

4) The standard measurement value of the gap of the crank-
shaft bearing is within the range of 0.029 ~ 0.059 mm.

Item

Specified Value

Crankshaft Bearing Gap

0.029 ~ 0.059 mm

3. Remove the plastic gauges.
4. Remove the plastic gauges.

5. Remove any foreign substances from the cylinder block

and the crankshaft.

Measurement of Crankshaft Warpage
1. Measure the crankshaft warpage.

EDL022196A
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1) Put the #1 and #5 main journal of the crankshaft on the 2) Remove the crankshaft pulley.
V- block.
2) Putthe dial gauge on the surface plate and measure the ACAUT'ON

warpage of the crankshaft as spinning the crankshaft.
3) The standard measurement value of the warpage of the

crankshaft is 0.02 mm for #2 and #4 and 0.03 mm for #3

based on #1 and #5 main journal. 3. Remove the timing gear case.

Be careful not to damage the oil seal.

Disassembly of Timing Wheel
1. Remove the V-belt.

ED24190098

1) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).

2) Remove the belt wound around the auto tensioner pulley
by using a space generated by the rotation of the auto
tensioner.

2. Remove the crankshaft pulley.

ED24190121

1) Loosen the flange hex bolt and remove the auto
tensioner.

2) Loosen the fixing bolt and remove the crank speed
sensor.

3) Loosen 16 hex bolts.

4) Remove the timing gear case.

/A CAUTION

ED24190120 Do not reuse the oil seal; replace them with new ones.

1) Loosen the flange hex bolt.
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4. Remove the timing wheel. 2. Attach the timing gear case.
B
)E& N
LK
ED24190122
1) Remove the timing wheel.
Assembly of Timing Wheel
1. Attach the timing wheel.
EDMO02200047
Note) Apply as follows and use TB1217H equivalent

ED24190122

1) Align the timing wheel to the pin and attach it to the crank-
shaft gear surface.

product.

Note) Apply to the surface of TGC cover with 2.5 £0.5 mm
thickness.

Note) The PTO bearing is included in the timing gear case.
Hence, in the event of a bearing defect, replace the
entire TGCC (Timing Gear Case Cover) assembly.

/A CAUTION

Be careful not to damage the teeth of the timing wheel.

M

ED24190138
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12. Others/driving system

Make the assembly surface of the timing gear case face
the ground.

Mount the front oil seal to the front oil seal assembly jig.
Align the front oil seal assembly jig where the front oil seal
is mounted to the timing gear case and beat it with a
rubber hammer.

when the front oil seal is inserted to the timing gear case,
pull off the front oil seal assembly jig.

/A\CAUTION

¢ Be careful in noting the direction of the oil seal
assembly and ensuring that the oil seal surface
fasces the outside of the engine.

* Be careful of the depth of the oil seal when attaching
it.

¢ Be careful not to damage the oil seal.

e Attach the oil seal without applying lubrication.
coolant, fuel, sealant (TB1217H), or silicon.

¢ Remove foreign substances such as residues from
the oil seal assembly bore.

¢ Do not reuse the oil seal; replace it with a new one.

¢ Be careful not to damage the oil seal when attaching it.

Remove the foreign substances on the timing gear case
assembly surface and clean it with a dry cloth.
Apply sealant (TB1217H) to the timing gear case

assembly surface with the diameter of @2.5 £0.5 mm.

/A CAUTION

¢ Be careful that the timing gear case has been
attached in the right direction.

e Attach parts within five minutes of applying sealant
(TB1217H) onto the parts.

¢ Do not start the engine or load pressure for 25
minutes after applying sealant (TB1217H) onto the
parts

Align the timing gear case with the pin and attach it.
Tighten 16 hex bolts at a tightening torque of 2.2 kgf-m.
Mount the crank speed sensor and then tighten the fixing
bolt.

Attach the crankshaft pulley.

ED24190120
Align the crankshaft pulley to the pin and attach it.
Tighten flange hex bolts at a tightening torque of
26 kgf-m.

/A CAUTION

¢ Be careful not to damage the oil seal.
¢ Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

Attach the V-belt.

ED24190098

1) Wind a new belt around all pulleys except for the auto
tensioner.

2) Turn the auto tensioner counterclockwise by using a
quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).
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3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).
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Piston

Disassembling the Pistons

1. Remove the pistons.

Note: Refer to the order of engine disassembly.
2. Remove the piston rings.

EDMO02190213

1) Use piston ring pliers to remove the top ring (D), second

ring (C) and oil ring (B).

Assembling the Pistons
1. Assemble the piston ring.

EDMO02190213

1) Use piston ring pliers to assemble the top ring (B),
second ring (C) and oil ring (D).

2. Assemble the pistons.

Note: Refer to the order of engine assembly.

Rear

Side rail Top ring

Thrust - -- Anti-thrust
2" ring Coil spring
Front
EDM03190321

1) Top and 2nd ring should be assembled into the mating

ring grooves with upper mark "manufacturer mark"
upward

2) Ring end gap should be set downwards during assembly.
3) Snap ring should be assembled in front side of piston pin

hole.

266



12. Others/driving system

Measurement of Outside Diameter of Piston Measurement of Inside Diameter of Piston Pin
Pin Bore

1. Set the gauge. 1. Set the gauge.

2. Measure the outside diameter of the piston pin. 2. Measure the inside diameter of the piston pin bore.

EDL022132A EDL022133A

1) Measure total 8 points of the piston pin outside diameter: 1) Measure total 8 points of the inside diameter of the piston

A, B, C, and D, in the vertical and horizontal directions. pin bore: A, B, C, D, vertical (E), and horizontal (F).
2) Measure all 4 points of the piston pin. 2) Measure all of 4 piston pin bores.
3) The standard measurement value of the outside diameter 3) The standard measurement value of the inside diameter

of the piston pin is within the range of 30.995 ~ 31 mm. of the piston pin bore is within the range of 31.008 ~

31.014 mm.
Item Specified Value
. . . . | ified Val
Piston pin outside diameter 30.995 ~ 31 mm tem Specified Value

Piston pin of the piston

Inside diameter of bore 31.008 ~ 31.014 mm
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Measurement of Gap of Piston Ring End Measurement of Step Height of Piston Top

Side

1. Perform the zero point adjustment of the meter based on
the top surface of the cylinder block.

2. Measure the step height of the piston top side.

1. Measure the gap of the piston ring end.

EDL022134A

1) Insert the piston ring to the cylinder top at a right angle

with the wall.
2) Measure the piston ring end gap with the gap gauge (A). EDL022135A
3) Measure the gaps of the top ring, the 2nd ring, and the oil 1) Adijust the piston to position on the top dead point.
fing. 2) Measure the step height on A and B on the piston top side
4) The standard measurement values of the gap of the based on the cylinder block surface.
piston ring end is within the range of 0.20 ~ 0.35 mm for 3) Adijust the other pistons to position on the top dead point
the top ring, 0.55 ~ 0.70 mm for the 2nd ring, and 0.20 ~ and measure 8 points.
0.40 mm for the oil ring. 4) The standard measurement value of the step height of
the piston top side is within the range of 0.11 ~ 0.39 mm.
Item Specified Value
Item Specified Value
Gap of top ring 0.20 ~ 0.35 mm
Step height of piston top side 0.11 ~ 0.39 mm
Gap of 2nd ring 0.55 ~ 0.70 mm
Gap of oil ring 0.20 ~ 0.40 mm ACAUT'ON
ACAUTION ¢ Select the cylinder head gasket class based on the
average of step heights of the piston top side by
Be careful not to damage the cylinder with the gap measuring average value of step heights at 8 points.
gauge when measuring the gap of the piston ring end. For the cylinder gasket class, refer to #19 of Proce-

dure of Assembling an Engine of General Informa-
tion in Chapter 6.

¢ The front engine direction (F) is the water pump
direction and the rear engine direction (R) is the
Drive Plate direction.
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Connecting rod

Disconnection of Connecting Rod

1. Disconnect the connecting rod.

Note) Refer to Chapter 6 (Procedure of Disassembling an
Engine).

Assembly of Connecting Rod

1. Connect the connecting rods.

Note) Refer to Chapter 6 (Procedure of Assembling an
Engine).

Measurement of Inside Diameter of

Connecting Rod Small-end

1. Set the gauge.

2. Measure the inside diameter of the small end of the
connecting rod.

EDL022197B

C
F;—%\ I
== —

D

EDL022198B

1) Measure total 4 points of the inside diameter of the
connecting rod small-end: vertical (A), horizontal (B),
front (C), and rear (D).

2) Measure all of 4 connecting rods.

3) The standard measurement value of the inside diameter
of the connecting rod small-end is within the range of
31.025 ~ 31.038 mm.

Item Specified Value

Connecting rod small-end bore | 31.025 ~ 31.038 mm

Measurement of Connecting Rod Large-end

Bore

1. Set the meter.

2. Measure the inside diameter of the large-end of the
connecting rod.

EDL022199B

//_{(,
=

EDL022200B

1) Measure total 6 points of the inside diameter of the
connecting rod big-end: A, B, C, front (D), and rear (E).

2) Measure all of 4 connecting rods.

3) The standard measurement value of the inside diameter
of the connecting rod big-end is within the range of 57.0
~57.015 mm.
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ltem Specified Value

Connecting rod large-end bore 57.0 ~57.015 mm

/A CAUTION

Connect the connecting rods manually until the head of
the connecting rod bolt contacts the bolt bearing
surfaces on both sides, and then tighten them at the
specified torque.

Measurement of Gap of Connecting Rod
Big-end

1. Mount the crankshaft to the cylinder block.

2. Measure the gap of the connecting rod big-end.

EDLO22131A

1) Put the plastic gauges on 4 points on the crankshaft that
contacts with the connecting rods.

2) Connect the connecting rods.

3) Temporarily connect the connecting rods manually.

4) Tighten the connecting rod bolts at a tightening torque of

2 kgf-m + 90 with the angle method.

Loosen the connecting rod bolts.

Remove the connecting rod cap.

Check the width of the plastic gauges.

The standard measurement value of the gap of the

connecting rod big-end is within the range of 0.026 ~

0.064 mm.

Item Specified Value

Gap of Connecting Rod Big-end 0.026 ~ 0.064 mm

3. Remove the plastic gauges.

1) Remove the plastic gauges.

2) Remove any foreign substances from the crankshaft and
the connecting rod big-end.

270



12. Others/driving system

Flywheel
1) Loosen 8 flange hex bolts.
2) Remove the flywheel.

Disassembly of Flywheel
1. Detach the starter.

Assembly of Flywheel
1. Mount the flywheel.

ED24190100

1) Loosen 3 flange nuts.
2) Detach the starter.
2. Remove the flywheel.

ED24190101

1) Mount the flywheel.
2) Tighten 8 Flange hex bolts at tightening bolt torque.

Flywheel bolt (43 mm, option)|1st: 7 +0.35 kgf.m/2nd: 45" +4°

Flywheel bolt (25 mm, option) 17 £0.85 kgf.m
for flat type flywheel

/A CAUTION

Be careful that no foreign material (oil, etc.) is present
in the bolt and tap.

I
A

[
T <L
UK

ED24190131
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2. Attach the starter.

A=A\ JAV=-Ya
[ ] R
1

ED24190100
1) Align the starter with the pin and attach it.
2) Tighten 3 flange nuts at a tightening torque of
4.4 +1.1 kgf-m.
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Crankshaft pulley
Assembly of Crankshaft Pulley

Disassembly of Crankshaft Pulley 1. Attach the crankshaft pulley.
1. Remove the V-belt.

ED24190120

ED24190098 1) Align the crankshaft pulley to the pin and attach it.
1) Turn the auto tensioner counterclockwise by using a 2) Tighten flange hex bolts at a tightening torque of
quadrangular groove at the top of the auto tensioner 26 kgf-m.
pulley (Use a 10 mm x 10 mm quadrangular tool).
2) Remove the belt wound around the auto tensioner pulley ACAUT'ON
by using a space generated by the rotation of the auto

¢ Be careful not to damage the oil seal.
¢ Fix the crankshaft to allow the flange hex bolts to be
tightened with the specified torque.

tensioner.
2. Remove the crankshaft pulley.

2. Attach the V-belt.

ED24190120
1) Loosen the flange hex bolt.
2) Remove the crankshaft pulley.
ED24190098
f CAUT'ON 1) Wind a new belt around all pulleys except for the auto
tensioner.
Be careful not to damage the oil seal. 2) Turn the auto tensioner counterclockwise by using a

quadrangular groove at the top of the auto tensioner
pulley (Use a 10 mm x 10 mm quadrangular tool).
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3) Wind the belt around the auto tensioner pulley by using a
space generated by the rotation of the auto tensioner,
and then naturally release the tensioner that has been
pulled counterclockwise.

/A CAUTION

For checking and measuring the belt tension, refer to
Belt Tension in Chapter 12 (Others/Driving Units).
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Others

Engine Timing

The camshatft, oil pump, and high-pressure injection pump

are driven by gear connection.

o0~ wd =

Idle gear (gear: 65)

Camshaft gear (gear: 60)
Crankshaft gear (gear: 30)

Oil pump drive gear (gear: 25)
Injection pump gear (gear: 30)
PTO gear (gear: 30)

EDMO02200046
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Adjustment of Engine Timing

1. Remove the timing gear case.
2. Align the engravings of gears.

ED24190128

1) Position the crankshaft gear engraving mark (D) between
the idle gear engravings (A).

Note) You can see one crankshaft gear engraving (F) and
two idle gear engravings (E).

Note) Position the idle gear engraving (A) between the
camshaft gear engravings (B).

Note) You can see one idle gear engraving (H) and two
camshaft gear engravings (G).

3. Mount the timing gear case.

Check of Gear Backlash

1. Remove the timing gear case.
2. Check the gear backlash.

ED24190129

1) Check the gear backlash with the gap gauge.

2) The standard backlash between the idle gear (A) and the
crankshaft gear is 0.087 ~ 0.200 mm.

3) The standard backlash between the oil pump drive gear
and the crankshaft gear (B) is 0.060 ~ 0.259 mm.

4) The standard backlash between the idle gear and the
camshaft gear (C) is 0.087 ~ 0.211 mm.

5) The standard backlash between the idle gear and injec-
tion pump drive gear (D) is 0.081 ~ 0.196 mm.

Item Specified Value

Backlash between the
crankshaft gear and the idle
gear

0.087 ~ 0.200 mm

Backlash between the
crankshaft gear and oil
pump drive gear

0.060 ~ 0.259 mm

Backlash between the idle

.087 ~ 0.211
gear and the camshaft gear 0.087 ~ 0 mm

Backlash between idle gear
and injection pump drive
gear

0.087 ~ 0.200 mm

3. Mount the timing gear case.

Check of Gear Axial Offset

1. Remove the timing gear case.
2. Check the gear axial offset.

0

ED24190130

1) Mount the dial gauge on the cylinder block.

2) Press the crankshaft gear into the cylinder block direc-
tion.

3) Perform the zero point adjustment of the dial gauge
based on the crankshaft gear.

4) Pull the crankshaft gear and check the measured value
of the dial gauge.

Note) The axial offset of the crankshaft gear is 0.100 ~

0.300 mm.

5) Press the camshaft gear into the cylinder block direction.

6) Perform the zero point adjustment of the dial gauge
based on the camshaft gear.
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7) Pull the camshaft gear and check the measured value of

the dial gauge.

Note) The axial offset of the camshaft gear is 0.1 ~ 0.2 mm.

8) Press the idle gear into the cylinder block direction.
9) Perform the zero point adjustment of the dial gauge

based on the idle gear.

10) Pull the idle gear and manually measured value of the

dial gauge.

Note) The axial offset of the idle gear is 0.1 ~ 0.2 mm.

Item

Specified Value

The axial offset of the
crankshaft gear

0.100 ~ 0.300 mm

The axial offset of the
camshaft gear

0.1 ~0.2mm

The axial offset of the
idle gear

0.1 ~0.2mm

3. Mount the timing gear case.
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Exhaust gas reduction system (Stage-V)

General Instructions

Hyundai Doosan Infracore engines are designed to satisfy
Stage-V emissions regulations using a DOC (Diesel
Oxidation Catalyst) and DPF (Diesel Particulate Filter).
The DOC, an oxidation catalyst, serves to reduce HC and
CO emissions by means of a catalyst, while the DPF collects
particulate matter (PM) released by diesel engines.

ECU

Diesel Engine

Actuators i

m  Sensors

Engine CAN
Diagnostic CAN

4

1 2
ED24190182
No. Part Name Quantity
1 DOC (Diesel Oxidation Catalyst) 1
2 | DPF (Diesel Particulate Filter) 1
3 | Temp. Sensor 4
4 | DPF Delta P Sensor 1

281



13. Aftertreatment system

Aftertreatment

The aftertreatment consists of a DOC and a DPF; the DOC
containing a DOC (Diesel Oxidation Catalyst) and a DPF
containing a DPF (Diesel Particulate Filter).

Diesel Oxidation Catalyst (DOC)

Overview

The DOC (Diesel Oxidation Catalyst) is a system which
oxidizes and eliminates HC (hydrocarbons) and CO (carbon
monoxide) emissions, producing H20 (water) and CO2
(carbon dioxide) in the process.

In Active Regeneration mode, it also increases the
temperature of the DPF to help with the oxidation of HC
(diesel) discharged through the exhaust manifold, as well as
accelerating passive regeneration of particulate matter (PM)
gathered in the DPF by converting NO (nitrogen monoxide)
into NO2 (nitrogen dioxide).

As shown in the figure below, a temperature sensor is
installed on the front of the DPF (Diesel Particulate Filter) to
control the DOC temperature during active regeneration.

/A CAUTION

Do not reuse V-clamp and gasket.

1. DOC

2. Temperature sensor

ED24190188

3. DPF
4. DPF delta P sensor
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Diesel Particulate Filter (DPF)

Overview

The DPF (Diesel Particulate Filter) system serves to prevent
particulate matter (PM) in emissions from being discharged
into the air and consists of the DPF body, exhaust gas
temperature sensor, and one differential pressure sensor.
The DPF is composed of a porous wall capable of filtering out
particulate matter. As exhaust gas passes through the DPF,
particulate matter accumulates in the DPF, while the rest of
the exhaust gas travels through the DPF to the SCR system.
Following this, PM collected in the DPF is eliminated using a
suitable regeneration method.

DPF Regeneration

The DPF serves to filter out soot, a contaminant found in the
emissions of diesel engines. An excessive build-up of sootin
the DPF leads to issues such as a drop in engine power due
to increased back pressure in the engine, making it crucial to
perform regeneration in order to eliminate PM in the DPF.
The ECU (Engine Control Unit) calculates the amount of
exhaust smoke using the signal from the DPF differential
sensor, the vehicle operating time, the vehicle fuel
consumption, and engine simulation data. Once this amount

reaches a certain level, the ECU performs DPF regeneration.

Regeneration—a process which involves burning
accumulated PM—increases the temperature upstream of
the DOC by means of adjustment of the engine throttle and
near post injection, as well as raising the DPF temperature
higher than the exhaust combustion temperature (580° or
higher) to burn exhaust gas by means of far post injection.
After DPF regeneration, only ash remains in the DPF.

DPF regeneration comprises active regeneration while
driving and forced regeneration performed by the driver.

EJOOMO060

DPF Regeneration Lamp and Switch

1. HEST (High Exhaust System Temperature) Lamp
This lamp notifies the driver when hot exhaust gas is
being discharged from the engine during DPF regenera-
tion. Be sure to keep the area around the exhaust mani-
fold free of flammable materials.

F—),

EJOOMO61

2. DPF Regeneration Lamp
This lamp turns on either during regeneration or when
regeneration is needed and turns off during active regen-
eration while driving if the soot level is less than 100%.
The lamp appears as shown on the right when the driver
disables regeneration.

EJOOMO62

283



13. Aftertreatment system

3. Forced Regeneration
The driver can use these switches to initiate or disable

forced regeneration. The switch above is the switch for
forced regeneration and the switch below is the switch for

disabling regeneration.

i)y

EJO9OMO063
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Stage V DPF Regeneration Strategy

.4 Service Call
Soot Quantity / .
S Regeneration
120% Forced Regeneration , T Inhibited
(s} X O : .......... A
o Forced Regen.
110% R
Inducement
° ®
0133 S 0 N O PP A PP Active
100% 3 TR PEANTOIUI R LS NP A Regeneration
Passive
Regeneration
: : Operation Time (Hr)
DPF Regeneration Period
(Depending on Machine CUP)
EDMO02200009
. . Check Torque
Step | Soot Quantity | DPF Lamp Engine Lamp de-rate Remark
No action (Passive regeneration dependent on
1 Below 99% Off Off No )
machine CUP)
Start active regen. With high temp. (580 ~ 640°C)
2 100% ~ 105% Off Off No ) )
during running
Forced regeneration inducement (Alarm only)
3 106% ~ 110% | Slow Blink Off No Start active regen. With high temp. (580 ~ 640°C)
during running
Mild T Forced regeneration inducement (Torque de-rate)
4 | 111%~120% | Slow Blink On ' o gt‘l”e Start active regen. With high temp. (580 ~ 640°C)
during running
s T Forced regeneration is disabled.
5 Above 121% Fast Blink Blink evere “orque Service call is needed to service regeneration for

de-rate

machine operating properly.

¢ The regeneration lamp turns on when the DPF soot level exceeds 100%

* The regeneration lamp blinks when the DPF soot level exceeds 105%

e The regeneration lamp blinks slowly, the CE lamp turns on, and engine power is reduced (25%) when the DPF soot level

exceeds 111%
* The regeneration lamp blinks quickly, the CE lamp turns on, and engine power is reduced (50%) when the DPF soot level
exceeds 121%
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.t Service Call
Soot Quantity / .
S Regeneration
120% Forced Regeneration , T Inhibited
O [000000000000000000000000000000000000000000000000000000000000000000000000000000e\s .. : .......... A
110% [oeneeneneeerenereeeeeeeeeeeeeeeseeeeneneraeeeeneannnns ... . ...... Forced Regen.
Forced Regeneration Inducement
o, U4 [ ]
105% R R AR MU AR Active
’ .
100% [oveeeeen D IR DA R g 2CTPRTN W A Regeneration
. 4 .
: ¢ Passive
: Regeneration
< > Operation Time (Hr)
DPF Regeneration Period
(Depending on Machine CUP)
EDMO02200009
. . Check Torque
Step | Soot Quantity | DPF Lamp Engine Lamp de-rate Remark
No action (Passive regeneration dependent on
1 Below 99% Off Off No ]
machine CUP)
Start active regen. With high temp. (580 ~ 640°C)
2 100% ~ 105% Off Off No ) )
during running
Forced regeneration inducement (Alarm only)
3 106% ~ 110% | Slow Blink Off No Start active regen. With high temp. (580 ~ 640°C)
during running
Mild T Forced regeneration inducement (Torque de-rate)
4 111% ~ 120% | Slow Blink On Ide :);[(lue Start active regen. With high temp. (580 ~ 640°C)
during running
s T Forced regeneration is disabled.
5 Above 121% Fast Blink Blink evgreerac:;que Service call is needed to service regeneration for
machine operating properly.

DPF regeneration consists of active regeneration which occurs while driving and forced regeneration which is activated
manually by the driver.

When the DPF soot level is less than 105%, active regeneration is activated automatically while driving.

However, at 105% or higher, the system notifies the driver that forced regeneration must be performed manually. At 120% or

higher,

the engine warning lamp turns on, engine power drops 50%, and the driver must call for service.

* DPF soot level 105% or less: Active regeneration

* DPF soot level 105 ~ 120%: Forced regeneration + decrease in engine power

¢ DPF soot level 105 ~ 120%: Notify the driver that forced regeneration needs to be performed

* DPF soot level 120% or higher: Regeneration is not possible/must call for service to regenerate the DPF
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DPF Regeneration Methods

Stage V engines are designed to perform passive
regeneration of soot accumulated in the DPF even under
normal exhaust conditions without needing to be initiated by
the driver. The DPF regeneration modes are divided into the
following five stages depending on the level of soot build-up
in the DPF.
1) Soot level less than 100%: Normal operating conditions
2) Soot level 100 ~ 105%: Automatic regeneration during
operation (Active Regeneration)
DPF soot level 106 ~ 110%: Forced regeneration is
induced + Active regeneration is try to start.
Notify the driver that forced regeneration needs to be
performed.
DPF soot level 111 ~ 120%: Forced regeneration is
induced + decrease in engine power and Active regener-
ation is try to start.
Notify the driver that forced regeneration needs to be
performed.
DPF soot level 120% or higher: Regeneration is not
possible/must call for service to regenerate the DPF.
1. Regeneration mode during operation (Active regenera-
tion)
This regeneration mode is performed automatically by
the ECU in order to regenerate the DPF when any of the
following regeneration mode conditions are met. During
regeneration, the regeneration lamp and HEST lamp turn
on to warn the driver of the hot exhaust gas.
At this time, normal operation is possible, although with
caution for safety. Once regeneration is complete after
20 ~ 30 minutes, the regeneration lamp and HEST lamp
turn off.

3)

/A CAUTION

Turning the engine off during regeneration (i.e. while the
HEST lamp is turned on) may have a severe impact on
the DPF. Hence, do not turn the engine off while the
regeneration lamp and HEST lamp are turned on except
in emergencies.

¢ When the soot level reaches the specified level in the
simulation

Forced regeneration mode

This regeneration mode is performed by the driver with

the vehicle stopped in the event that DPF regeneration is

not performed while the vehicle is in operation. Forced

regeneration (Active regeneration) may not be performed

under the following operating conditions, so the driver

must perform forced regeneration according to vehicle

warnings as befits the circumstances.

* Working repeatedly under a low load or driving at low
speeds over short distances

* Frequent idling

Conditions for forced regeneration

1) Coolant (engine oil) temperature: 40° or higher

2) Engine rpm: Idling

3) Parking brake engaged

Order of forced regeneration

1) Stop the vehicle. (Be sure to stop the vehicle in a safe
place as the exhaust temperature will increase.)

Set the engine to an idling rpm.

Lower the safety lever.

Place the forced regeneration switch in the ON position.
The engine rpm increases from idling to high idle rpm
(varies depending on the model) and regeneration
begins.

Forced regeneration is performed for 30 ~ 40 minutes.
(May take longer depending on the above-mentioned
forced regeneration conditions). The regeneration lamp
and HEST lamp turn on.

The engine rpm drops to an idling rpm.

The regeneration lamp and HEST lamp turn off.

Place the forced regeneration switch in the OFF position.

gLl

a1

* |n the event that forced regeneration must be stopped
due to an emergency, raise the safety lever. However,
doing so has a severely adverse effect on DPF regen-
eration, so be sure to perform forced regeneration in a
safe place with enough time to complete the process.

Aftertreatment System Inspection

Remove the temperature sensor and differential pressure

sensor installed in the DPF, perform a visual inspection

upstream and downstream of the DPF to check for any

damage or melting, and take care not to damage the DPF.

1. If any soot is found during visual inspection, it is need to
be replaced DPF.

287



13. Aftertreatment system

Cautions for Handling the DPF Assembly

Please note the following while handling the DPF assembly.

1. The muffler weighs approx. 13 kg and the DOC/DPF are
weak against impacts, so be careful not to damage them
during removal.

2. When replacing the differential pressure sensor, take
care to ensure that foreign matter does not enter the
differential pressure sensor pipe. If foreign matter enters
the pipe, a fault may occur due to a misreading of the
differential pressure.

3. Take care to ensure that foreign matter does not enter
the inlet/outlet after removing the DPF assembly. If
foreign matter enters the system, it may damage the
DOC/DPF.

4. The differential pressure sensor and temperature sensor
are installed on the outside of the DPF assembly, so take
care not to damage them during removal and installation.

5. Reusing gaskets may cause air leaks, so be sure to use
new gaskets.

6. Air leaks in the exhaust system can lead to violation of
emissions regulations, increased noise, and increased
exhaust smoke, so be sure to tighten parts to their spec-
ified tightening torque.

Removing DPF Ash and Cleaning the DPF

During the regeneration of soot in the DPF, ash accumulates
in the DPF. Once a certain amount of ash accumulates,
engine performance and fuel efficiency are affected due to a
build-up of back pressure in the exhaust system, so ash
cleaning must be performed regularly to prevent any
worsening of engine performance and fuel efficiency. The
DPF part of the DPF assembly must be disassembled in
order to clean out ash. Although the interval varies
depending on the operating conditions, operating
environment, and type of engine oil used, ash cleaning is
usually performed every 5,000 hours of engine operating
time under normal conditions.

/A CAUTION

1. Be sure to use ultra-low-sulfur diesel (ULSD) to
ensure normal performance of the DPF.

2. Be sure to use low ash engine lubricant oil (APl CJ-4
(500hr interval) / APl CK-4 (1,000hr interval)) to estab-
lish suitable DPF cleaning intervals.
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Removing, Assembling and Disassembling the DOC/DPF Assembly

1. Remove engine lifting hook (A) and bolt (B).
2. Temporary install T/C gasket (C) and nets (D), bracket bolts 20 mm (E) and 25 mm (F).
3. After all parts positioned, nuts and bolts has tighten as below sequence.
- T/C nut (D): 2.2 kgf‘m
- Muffler bracket bolt (E, F): 4.4 kgf-m
4. Install and tighten exhaust gas temp. sensors (G).
- Exhaust gas temp. sensors (G): 4.5 kgf-m

ED24190190
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Exhaust gas reduction system (Tier-4 Final)

General Instructions
Hyundai Doosan Infracore engines are designed to satisfy
Tier-4 Final emissions regulations using a DOC (Diesel

Oxidation Catalyst).
The DOC, an oxidation catalyst, serves to reduce HC and

CO emissions by means of a catalyst.

Diesel Engine

No.

Part Name

Quantity

Diesel Oxidation Catalyst

1

ED24190183
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Aftertreatment

The aftertreatment consists of a DOC containing a DOC
(Diesel Oxidation Catalyst).

Diesel Oxidation Catalyst (DOC)

Overview

The DOC (Diesel Oxidation Catalyst) is a system which
oxidizes and eliminates HC (hydrocarbons) and CO (carbon
monoxide) emissions, producing H20 (water) and CO2
(carbon dioxide) in the process.

Removal

Perform a visual inspection downstream of the DOC to check
for any damage or melting.

Take care not to damage the DOC during removal.

(For more information on removal, assembly and
disassembly, please refer to "Removing, Assembling and
Disassembling the DOC Assembly.")

/A CAUTION

Do not reuse V-clamp and gasket.

ED24190189
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13. Aftertreatment system

Removing, Assembling and Disassembling the DOC Assembly

1. Remove engine lifting hook (A) and bolt (B).
2. Temporary install T/C gasket (C) and nets (D), bracket bolts 20 mm (E) and 25 mm (F).
3. After all parts positioned, nuts and bolts has tighten as below sequence.

- T/C nut (D): 2.2 kgf‘m

- Muffler bracket bolt (E, F): 4.4 kgf-m

ED24190191
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14. Accessory system

Radiator & Cooling fan

Genset & Power Unit Layout

Layout

EDM02100037
1. Radiator 5. Front engine mount 9. Cooling fan
2. Air cleaner 6. Rear engine mount 10. Fan guard
3. CAC outlet hose 7. Water inlet hose 11. Intake hose & pipe
4, CAC inlet hose & pipe 8. Engine mount support beam  12. Fan flange
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14. Accessory system

Radiator & Cooling Fan System

Radiator

General Information

The radiator is a heat exchanger which releases heat transmitted from inside the engine into the air.

|
0 © o 09
O o)
© o)
0@ © O O o
P il
1 7 4 5 6
EDM02100039
1. Radiator 4. Radiator outlet pipe 7. Top support bracket
2. Radiator cap 5. Drain valve
3. Radiator inlet pipe 6. Fan guard
1. Radiator body.

2. A coolant inlet which maintains a certain level of coolant pressure by means of a pressure/vacuum valve installed in the

No o ko

radiator cap.

The radiator inlet pipe acts as an inlet for coolant flowing from the thermostat.

The radiator outlet lowers the temperature of the coolant and sends it back to the engine.
A coolant drain valve used during service and maintenance.

Supplies and discharges air from the cooling fan efficiently and protects the cooling fan.
Radiator upper support.
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Failure Diagnosis

Phenomenon

Causes

Troubleshooting

Coolant leakage

Damaged radiator core

Replace the radiator

Defective radiator cap

Replace the radiator cap

Damaged drain valve

Replace the drain valve

Overheating

Clogged radiator

Replace the radiator and coolant

Damaged fan shroud

Repair or replace the shroud

Poor coolant quality

Replace with the specified coolant

Poor air drainage

Open the radiator cap and idle the engine to
bleed the air

Defective radiator cap

Replace the radiator cap

Insufficient coolant

Add coolant

Overflow

Defective head gasket or deformed head

Check the head gasket and head

How to Maintain the Radiator

1. Cautions for engine operation.

1) Observe the following when starting, operating and stopping the engine.

Item

Cautions

Reasons

Starting the engine

Check the coolant level

If the level is too low or too high, the engine
may overheat or the reservoir tank may
overflow

Check for leaks

Incorrect pressure levels may cause
overheating

Operating

Check the coolant temperature

Incorrect coolant temperatures may cause
overheating

Stopping the engine

Check the coolant level

If the level is too low or too high, the engine
may overheat or the reservoir tank may
overflow

Radiator cap pressure test (0.9 +0.15)

Incorrect pressure levels may cause
overheating

297
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Radiator Disassembly

1. Drain the coolant.

EDMO02100041

1) Open the radiator cap (A).

/A CAUTION

3. Remove the radiator in & out hoses.

EDMO02100045

1) Remove the clamp bolts on the radiator inlet hose (A);
then, remove the hose.

2) Remove the clamp bolts on the radiator outlet hose (B);
then, remove the hose.

Opening the cap while it is hot may cause burns on
your hands or face. Hence, wait until the coolant has
cooled down; then, cover the cap with a cloth and open
the cap slightly to release any excess pressure before
opening the cap fully.

Component Tightening Torque

Hose clamp 0.6 £0.09 kgf-m

2) Open the drain valve (B): open the valve to drain the
coolant.
2. Remove the fan guard.

EDMO02100043

1) Remove the six bolts (A) (six bolts at 60° angles).

Component Tightening Torque

Fan guard bolt 2.2 £0.22 kgf-m

2) Remove the upper and lower fan guards (B).

4. Remove the CAC inlet & outlet hoses

=)

A

EDM02100031

1) Remove the clamp bolts on the CAC outlet pipe (A); then,
remove the hose.

2) Remove the clamp bolts on the CAC inlet hose (B); then,
remove the hose.

Component Tightening Torque

Hose clamp 0.6 £0.09 kgf-m




14. Accessory system

5. Remove the radiator bolts.

EDMO02100049

1) Remove the radiator module mounting six bolts (A).

Component

Tightening Torque

Radiator module

mounting bolt

4.4 +0.44 kgf-m

2) Remove the radiator in the direction of (B).

Assembly

Assemble in the reverse order of disassembly.
1) Keep the radiator at a horizontal level of 0 +0.5° while

tightening the bolts.

2) Assembile in the order of A, B, C.

EDMO02100032

A Rubber Mount

G | B
EDMO02100!

EDMO02100047

- A, B tightening torque: 2.2 £0.22 kgf-m

- C Tightening torque: 6.2 £0.62 kgf-m

- When assembling B and C, assemble so that the Rubber
Mount of A is not twisted.
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Rubber Mount

During assembly of Radiator Assy, when assembling A,
assemble the Rubber Mount (B) so that it does not twist or

bend.
)

EDMO02100051

Radiator Check

1. Routine checks and repairs: radiator performance is
determined by the state of maintenance of the engine.
Hence, make sure to perform inspections regularly and
check the following.

1) Check the coolant: check the level and condition of the
coolant.

If the specific gravity of the coolant exceeds the specified
amount or the color has changed, replace the coolant.
Deteriorated coolant may cause overheating, corrosion
or damage due to freezing.

2) Coolant leakage: use a flashlight to check for any coolant
leakage on the ground. Coolant leakage may cause over-
heating.

3) Air pockets: if the air in the cooling system is not
discharged properly, the engine may overheat even if the
reservoir tank has enough coolant.

After opening the radiator cap, idle the engine sufficiently
to bleed the air in the system; then, add coolant.

4) Fan shroud: if the exterior of the shroud is defective, the
worsened airflow may lead to overheating.

Repair or replace the part.

5) Clogged radiator fins: if the fins are clogged with dust, the
restricted airflow may cause overheating.
Clean the radiator with a radiator cleaning tool.

6) Clogged radiator: if there is no airflow after preheating the
engine, check whether the radiator is clogged or the ther-
mostat is defective.

7) Check the radiator cap: inspect the radiator cap seal and
valve to make sure that they are working correctly.

A defective radiator cap may cause overheating.

8) Horizontal balance of the radiator: check the horizontal
balance of the radiator.
An excessive incline may damage the radiator due to
interference with the fan.

Cooling Fan

General Information

The cooling fan is a device which creates a forced airflow to
enhance the cooling efficiency of the radiator and CAC.

ED24190207

1. Cooling fan 3. Bolt

2. Fanflange

1. Creates airflow.
2. A spacer added to position the fan.
3. A bolt which connects the fan and fan flange.




14. Accessory system

Failure Diagnosis

Phenomenon

Causes

Troubleshooting

Noise and vibrations

Poor air suction due to dust or other
obstructions

Clean the radiator core or improve the airflow at
the front and back of the radiator

Low speed

Adjust the belt tension

Improperly secured fan

Check the bolt torque

Incorrect rotating direction

Assemble in the correct direction

Broken

Poor air suction due to dust or other
obstructions

Clean the radiator core or improve the airflow at
the front and back of the radiator

Damage due to foreign matter

Remove the foreign matter and replace the fan

How to Maintain the Cooling Fan

1. Cautions for engine operation.
1) Observe the following when starting, operating and stopping the engine.

Item

Cautions

Reasons

Starting the engine

Check the front and back of the radiator module

Damage or poor cooling performance due to
clogging

Check the blades for damage

Blade damage causes poor cooling and
additional damage to nearby parts

Operating

Check for noise and vibrations

Blade damage causes poor cooling and
additional damage to nearby parts

Stopping the engine

Check the blades for damage

Blade damage causes poor cooling and
additional damage to nearby parts
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14. Accessory system

Cooling Fan Disassembly

1. Remove the radiator (reuse the figure above).

2. Remove the cooling fan.

1) Remove the four bolts (A).

ED24190208

Component

Tightening Torque

Cooling fan bolt

2.4 £0.24 kgf-m

2) Remove the cooling fan (B).

3. Remove the fan flange.

1) Remove the fan flange (A).

ED24190209

Assembly

Assemble in the reverse order of disassembly.

Cooling Fan Check

1.

1)

Routine checks and repairs: cooling fan performance is
determined by the state of maintenance of the engine.
Hence, make sure to perform inspections regularly and
check the following.

Noise and vibrations: check for noise and vibrations while
operating the machine.

Noise and vibrations may be caused by loose bolts, an
excessively clogged radiator, etc. and may lead to over-
heating and damage.

Visual inspection of blades: check the blades visually
before running the engine.

Defective blades may cause overheating and severe
damage to nearby parts.
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14. Accessory system

Intake & CAC

Intake/Exhaust System
Air Cleaner

General Information
A device which removes foreign matter from the air delivered
to the system.
Air filter types and components (options).
1. Cummins air filter.
* Model name: OA 600
¢ Provided
- Mounting bracket
- Air filter hose

- Inlet air temp adapter

Air Filter Mounting (OA 600)-
< ==

EDM02100021

2. Donaldson air filter.
¢ Model name: G070018, D080026, D080020
* No integrated MAF HSG
¢ Provided
- Hose between Affilter and MAF HSG
- Inlet air temp HSG

Donaldson Filter (G070018)

ED24190216
Donaldson Filter (D080026)

ED24190217
Donaldson Filter (D080020)

ED24190218
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Disassembly of Air Cleaner Assembly of Air Cleaner

=]

EDM02100023 EDM02100024
1. Remove the clamps (A) connected to the hose (B). 1. Tighten all bolts and nuts on the air filter bracket (C).
2. Remove the air filter and disconnect the hose and fitting 2. Connect the air filter, hose and fitting pipe.

pipe.

EDM02100023

EDM02100024 3. Tighten the clamps (A) to the hose (B) connection.
3. Remove all bolts and nuts from the air filter bracket (C).

4. Remove the air filter. A CAUTION

Do not reuse clamps; replace them with new ones.
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14. Accessory system

Air Hose Assembly of Air Hose

L

Disassembly of Air Hose

EDMO02100026

EDMO02100028 1. Tighten all bolts and nuts on the air hose bracket (C).
2. Connect the air hose.
3. Tighten the clamps (A) on the hose (B) connection.

/A CAUTION

Do not reuse clamps; replace them with new ones.

1. Remove the clamps (A) connected to the hose (B).
2. Disconnect the air hose.

EDMO02100026

1. Remove the clamps (A) connected to the hose (B).
2. Disconnect the air hose.
3. Remove bolts and nuts from the bracket (C).
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14. Accessory system

Engine mount

EDM02100019

1. Removal and tightening of brackets.
¢ A: Rear mount bracket
¢ B: Front mount bracket

/A CAUTION

Make sure the brackets are horizontal while tightening
them.

2. Bolttorque: 10.5 +1.05 kgf-m
e C: 14 bolts (rear & front)

306



	DM02P, DM02VB
	Forward
	Table of contents
	1. General introduction
	General information
	General Information

	Danger, warning, caution and note
	General Information
	General Instructions
	Cautions for Starting the Engine
	Cautions for Inspection and Repair
	General Repair
	Other Safety Instructions and Environmental Pollution
	Use of Genuine Parts

	Emission information
	REGULATION (EU) 2017/654 ANNEX XV (Applies to customers using equipment in EU only.)

	Engine maintenance
	Prevention of Damage and Abrasion
	Prevention of Pollution
	Handling of Engine Oil
	Biodiesel Blend Fuel
	HVO (Hydro treated Vegetable Oil)
	GTL (Gas To Liquids)


	2. Operation and maintenance
	Starting and stopping of the engine
	Preparing for Start
	Starting the Engine
	After Starting the Engine
	During Operation
	Stopping the Engine
	ECU Learning after Engine Key Off

	Break-in period of the engine
	General Information
	Break-in Period of a New Engine
	Check Points
	Inspection after Starting the Engine

	Operation in winter
	Cold Start
	Preventing Coolant from Freezing.
	Preventing Overcooling of the Engine
	Engine Oil

	Inspection and repair of the engine
	Checking Engine Parts after Prolonged Operation
	Inspection and Repair of Turbocharger
	Intake Unit
	Exhaust Unit
	Lubrication System

	Injection nozzle maintenance
	Tips for Preventing Internal Clogging of the Injector!


	3. Performance and specifications
	Engine specifications and performance
	Engine Specifications
	Engine Performance Curve (DM02-MFP00)
	Engine Performance Curve (DM02-LEP00)
	Engine Performance Curve (DM02-MFP01)
	Engine Performance Curve (DM02-LEP01)
	Engine Performance Curve (DM02-MFP02/LEP02)
	Engine Performance Curve (DM02-MFP03/LEP03)

	Outside drawing of the engine
	Isometric Assembly Drawings
	Assembly Drawings (Front/Rear)
	Assembly Drawings (Left/Right)
	Assembly Drawings (Top/Bottom)
	Engine Number Engraving
	Cylinder Block Number Engraving
	Engraving of Piston Bore Level of Cylinder Block
	Engraving of Main Bearing Bore Level of Cylinder Block
	Crankshaft Main Journal Engraving
	Connecting Rod Engraving
	Piston Engraving
	Cylinder Head Gasket Identification


	4. Regular inspection
	General information
	General Information
	Routine Inspection

	Regular inspection table
	General Conditions

	Cooling system
	General Information
	Amount of Antifreeze in Winter
	Capacity of Coolant
	Checking the Coolant
	Measurement of Coolant Concentration
	Replenishment of Coolant
	Replacement of Coolant

	Lubrication system
	General Information
	Engine Oil Standards
	Engine Oil Capacity
	Checking the Engine Oil
	Replenishment of Engine Oil
	Replacement of Engine Oil

	Fuel system
	General Information
	Fuel Standards
	Injector & Fuel Return Hose
	Fuel Filter
	Replacement of Fuel Filter
	Air Bleeding in the Fuel Circuit
	Fuel Filter Draining

	Others/driving system
	Belt Tension


	5. About the engine
	Marking system of units
	Unit Conversion Methods

	Tightening torque
	Tightening Torque of Main Parts
	Tightening Torque of General Bolts

	Engine disassembly
	Procedure of Disassembling an Engine

	Engine assembly
	Procedure of Assembling Engine


	6. Cooling system
	General information
	General Information
	Failure Diagnosis

	Water pump
	General Information
	Water Pump Disassembly
	Water Pump Assembly

	Thermostat
	General Information
	Thermostat Disassembly
	Thermostat Assembly
	Check of Thermostat


	7. Lubrication system
	General information
	General Information
	Failure Diagnosis

	Oil pump
	General Information
	Oil Pump Disassembly
	Oil Pump Assembly
	Check of Oil Pump
	Disassembly of Oil Suction Pipe and Oil Delivery Pipe
	Assembly of Oil Suction Pipe and Oil Delivery Pipe

	Oil filter assembly
	General Information
	Disassembly of Oil Filter Assembly
	Assembly of Oil Filter Assembly
	Check of Oil Cooler

	Oil pan
	Disassembly of Oil Pan
	Assembly of Oil Pan
	Disassembly of Engine Oil Level Gauge and Guide Tube
	Assembly of Engine Oil Level Gauge and Guide Tube


	8. Fuel system
	General information
	General Information

	Fuel return hose
	General Information
	Disconnection of Fuel Return Hose
	Connection of Fuel Return Hose
	Check of Fuel Return Hose

	Injector
	General Information
	How to Operate an Injector
	Injector Disassembly
	Injector Assembly
	Injector Check

	Common rail
	General Information
	Pressure Limit Valve & Rail Pressure Sensor
	Injection Pipe
	Common Rail Disassembly
	Common Rail Assembly
	Common Rail Check

	Fuel injection pump
	General Information
	Disassembly of Fuel Injection Pump
	Assembly of Fuel Injection Pump


	9. Intake/exhaust system
	Turbocharger
	General Information
	Failure Diagnosis
	How to Maintain Turbocharger
	Turbocharger Disassembly
	Turbocharger Assembly
	Turbocharger Check
	Disassembly of EGR
	Assembly of EGR

	Intake manifold
	Disassembly of Intake Manifold
	Assembly of Intake Manifold

	Exhaust manifold
	Disassembly of Exhaust Manifold
	Assembly of Exhaust Manifold


	10. Cylinder block/head
	General information
	General Information

	Cylinder block
	Disassembly of Cylinder Block
	Assembly of Cylinder Block
	Check of Cylinder Block
	Measurement of Inside Diameter of Main Bearing Bore of Cylinder Block
	Measurement of Inside Diameter of Piston Bore of Cylinder Block
	Measurement of Inside Diameter of Camshaft Bearing of Cylinder Block

	Cylinder head
	Disassembly of Cylinder Head
	Assembly of Cylinder Head
	Check of Cylinder Head

	Valve
	Disassembly of Valve
	Assembly of Valve
	Measurement of Inside Diameter of Valve Guide
	Measurement of Valve Stem End
	Measurement of Valve Step Height
	Measurement of Gap between Piston and Valve
	Check of Valve Spring

	Rocker arm
	Disassembly of Rocker Arm
	Assembly of Rocker Arm
	Check of Rocker Arm Shaft
	Check of Rocker Arm

	Tappet and push rod
	Disassembly of Valve Tappet
	Assembly of Valve Tappet
	Check of Valve Tappet
	Disassembly of Push Rod
	Assembly of Push Rod
	Check of Warpage of Push Rod

	Camshaft
	Disassembly of Camshaft
	Assembly of Camshaft
	Measurement of Camshaft Journal Outside Diameter
	Measurement of Camshaft

	Timing gear case
	Detaching Timing Gear Case
	Assembly of Timing Gear Case

	Flywheel housing
	Disassembly of Flywheel Housing
	Assembly of Flywheel Housing

	Breather
	Disconnection of Breather Hose
	Connection of Breather Hose

	Cylinder head cover
	Disassembly of Cylinder Head Cover
	Assembly of Cylinder Head Cover

	Idle gear
	Disassembly of Idle Gear
	Assembly of Idle Gear
	Measurement of Outside Diameter of Idle Gear Shaft
	Measurement of Inside Diameter of Idle Gear

	Lifting hook
	Disassembly of Lifting Hook
	Assembly of Lifting Hook


	11. Electric system
	Electric parts
	Electric Parts

	Circuit diagram
	General Information
	Engine Connector (Stage-V)
	Engine Connector (Tier-4 Final)
	Engine Connector of Engine Control Unit (ECU)

	Switches and sensors
	Injector#1
	Injector#2
	Injector#3
	Injector#4
	Coolant Temperature Sensor (COOLANT_TEMP)
	Exhaust Gas Recirculation Valve Position Sensor (EGR)
	Crank Shaft Position Sensor (CRANK)
	CAM Shaft Position Sensor (CAM)
	Temperature Manifold Absolute Pressure Sensor (TMAP)
	Oil Pressure Sensor (OIL PRES)
	Rail Pressure Sensor (RPS)
	Feul Metering Unit (METERING UNIT)
	Oil Level Sensor (OIL LEVEL)
	Throttle Valve Actuator/Position Sensor
	Exhaust Gas Temperature Sensor (EGT)

	Wire harness
	Disassembly of Wire Harness
	Assembly of Wire Harness

	Electronic control unit (ECU)
	General Information
	Electronic Control Unit (ECU) Connectors
	I/O of Electronic Control Unit (ECU)
	Operational Conditions of Electronic Control Unit (ECU)

	Starter
	General Information
	Wiring Diagram
	Disassembly of Starter
	Assembly of Starter

	Alternator
	General Information
	Wiring Diagram
	Disassembly of Alternator
	Assembly of Alternator


	12. Others/driving system
	General information
	General Information
	Specifications

	Crankshaft
	Disassembly of Crankshaft
	Assembly of Crankshaft
	Measurement of Crankshaft Main Journal Diameter
	Measurement of Crankshaft Bearing Gap
	Measurement of Crankshaft Warpage
	Disassembly of Timing Wheel
	Assembly of Timing Wheel

	Piston
	Disassembling the Pistons
	Assembling the Pistons
	Measurement of Outside Diameter of Piston Pin
	Measurement of Inside Diameter of Piston Pin Bore
	Measurement of Gap of Piston Ring End
	Measurement of Step Height of Piston Top Side

	Connecting rod
	Disconnection of Connecting Rod
	Assembly of Connecting Rod
	Measurement of Inside Diameter of Connecting Rod Small-end
	Measurement of Connecting Rod Large-end Bore
	Measurement of Gap of Connecting Rod Big-end

	Flywheel
	Disassembly of Flywheel
	Assembly of Flywheel

	Crankshaft pulley
	Disassembly of Crankshaft Pulley
	Assembly of Crankshaft Pulley

	Others
	Engine Timing
	Adjustment of Engine Timing
	Check of Gear Backlash
	Check of Gear Axial Offset


	13. Aftertreatment system
	Exhaust gas reduction system (Stage-V)
	General Instructions
	Aftertreatment
	Diesel Oxidation Catalyst (DOC)
	Diesel Particulate Filter (DPF)
	Cautions for Handling the DPF Assembly
	Removing, Assembling and Disassembling the DOC/DPF Assembly

	Exhaust gas reduction system (Tier-4 Final)
	General Instructions
	Aftertreatment
	Diesel Oxidation Catalyst (DOC)
	Removing, Assembling and Disassembling the DOC Assembly


	14. Accessory system
	Radiator & Cooling fan
	Genset & Power Unit Layout
	Radiator & Cooling Fan System

	Intake & CAC
	Intake/Exhaust System

	Engine mount



