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Preface

This manual includes the operation and maintenance information for DX12 marine engines. The first part contains
information about handling the engine, while the second part contains information about engine maintenance, disas-
sembling parts, inspections, repairs and reassembly, etc. The information was organized to enhance understanding
of related parts and to make it easier to decide on maintenance procedures and repair parts.

The maintenance symbols included in this manual are as follows.

Be sure to observe the following to protect the environment when servicing the engine.

«®»] Remove Adjust

E Install @ Clean

4-:» Disassemble A Requires careful attention - Important
-»:« Reassemble Q\ Tighten to specified torque

E Align marks @ Use special tool from manufacturer
<4m| Direction mark =3 Lubricate with oil

Inspect AN Lubricate with grease

@ Measure

While servicing the engine, be sure to comply with the following instructions in order to prevent environmental
damage.
@ Take used oil to a used oil recycling facility.
@ Never allow oil or diesel fuel to enter the sea, streams, waterways or the ground.
@ Dispose of undiluted anticorrosives, antifreeze, filter elements and cartridges as special waste.
@ Used coolant and special waste must be disposed of in compliance with the regulations of local
institutions.

Some of the pictures in this manual use examples from a representative model for explanations. There may
be slight differences with the actual shape of each individual model. Please contact the Marine Division of
HD Hyundai Infracore if you have any inquiries or suggestions for improvement regarding the contents of this
manual.

Finally, the contents of this service manual may be subject to change without notice in order to improve
quality. Thank you.

2025. 01.
950106-075016EN
HD Hyundai Infracore



* ltems 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 HD Hyundai Infracore.
Any unauthorized reproduction, printing and distribution thereof are strictly prohibited.
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1. General Information

1.1. Engine Specifications

Model
e Unit 4L126TIC 4L126TIH 4L126TIM 4L126TIL
Specifications
) 4 cycle, In-line, direct injection, water cooled
Engine type .
with turbocharger & Inter-cooler
) PS (kW)/ | 400 (294)/ 450 (331)/ 495 (364)/ 545 (401)/
Rating output (B.H.P)
rpm 1,800 2,000 2,100 2,200
Displacement cc 11,051
Cylinders number - bore (&) x stroke mm 6- 01283 x 155
Valve clearance at cold ‘ Intake / exhaust mm 0.4/0.7
Low idling rpm 725 25
No load maximum rem 2,000 2,200 2,300 2,400
Mean effective pressure kg/cm2 18.1 18.3 19.2 20.2
Mean piston speed m/sec. 9.3 10.3 10.9 11.4
Compression ratio 16.7 : 1
Firing order 1-5-3-6-2-4
Compression pressure (at 200 rpm) kg/cm2 37.7 (Initial condition)
Governor type of injection pump Mechanical all speed (RQV-K)
. g/PS.h 158 155 157 166
Fuel consumption -
Liter/h 76 83.9 94.0 108.1
Injection timing (B.T.D,C) deg 15° +1° 15° +1° 17° +1° 17° +1°
Fuel injection nozzle opening pressure kg/cm2 306 +14
Starting system Electric starting by starter motor
Starter motor capacity V-kW 24 -7
Alternator capacity V-A 24 -80
Battery V- Ah 24 -150
Cooling system Indirect sea water cooling with heat exchanger
Cooling water capacity Liter Max.: 42, Min.: 39
Fresh water pump type Centrifugal type driven by V-belt
Sea water pump type Rubber impeller type driven by V-belt
o ) . Fan capacity Liter Max.: 44, Min.: 20 (Engine total: 47)
Lubricating oil (Engine) -
Pressure kg/cm2 Max.: 3, idle: 1
Model DMT240H(1.50/1.97/2.44/2.93/3.40),
ode
Marine gear . DMT260HL(3.53/4.08/4.52/5.04),
(Gear ratio)
DMTP6500(5.11/5.62/5.91/6.57/6.95)
Crankshaft Counter clockwise viewed from stern side
Direction of revolution - - -
Propeller Clockwise viewed from stern side
Engine size (L x W x H) | without M/G mm 1,311 x 904 x 1,153
Marine gear (DMT240H) | with M/G mm 2,031 x 904 x 1,153
) ) without M/G kg 1,136
Engine dry weight -
with M/G (240H) kg 1,536
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Model . Auxiliary
Specifications Unit 4AD126TIF 4AD126TIS
Engine type 4 cycle, .In-Iine, direct injection, water cooled
with turbocharger & Inter-cooler
. 50 Hz PS (kW)/ 257 (350)/1,500 -
Rating output (B.H.P)
60 Hz rpm - 302 (410)/1,800
Displacement cc 11,051
Cylinders number - bore (@) x stroke mm 6-0123 x 155
Valve clearance at cold | Intake / exhaust mm 0.4/0.7
Low idling rpm 725 +25
No load maximum (50 Hz/60 Hz) rpm 1,500 1,800
Mean effective pressure (Initial) kg/cm2 19.0 18.6
Mean piston speed (50 Hz/60 Hz) m/sec. 7.75 9.3
Compression ratio 16.7 : 1
Governor type of injection pump Electric governor
Fuel consumption g/PS.h 160 165
(SG: 0.832 g/cc) Liter/h 67 82
Injection timing (B.T.D.C) deg 17° £1°
Starting system Electric Starting by starter motor
Starter motor capacity V-kW 24 -7
Alternator capacity V-A 24 -80
Battery V- Ah 24 - 150
Cooling system Heat exchanger
Coolant water capacity Liter Max.: 42, Min.: 39
Fresh water pump type Centrifugal type driven by V-belt
Sea water pump type Rubber impeller type driven by V-belt
Fan capacity Liter Max.: 44, Min.: 20 (Engine total: 47)
Lubricating oil (Engine)
Pressure kg/cm2 Max.: 3, idle: 1
Direction of revolution Crankshaft Counter clockwise viewed from stern side
Engine size (L x W x H) mm 1,312 x 904 x 1,153
Engine dry weight kg 1,128
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Model . Emergency
Specifications Unit 4AD126TIF 4AD126TIS
Engine type 4 cycle, .In-Iine, direct injection, water cooled
with turbocharger & Inter-cooler
. 50 Hz PS (kw)/ | 257 (350)/1,500 - -

Rating output (B.H.P)

60 Hz rpm - 302 (410)/1,800 302 (410)/1,800
Displacement cc 11,051
Cylinders number - bore (@) x stroke mm 6-0123 x 155
Valve clearance at cold | Intake / exhaust mm 0.4/0.7
Low idling rpm 725 25
No load maximum (50 Hz/60 Hz) rpm 1,500 1,800 1,800
Mean effective pressure (Initial) kg/cm2 19.0 18.6 18.6
Mean piston speed (50 Hz/60 Hz) m/sec. 7.75 9.3 9.3
Compression ratio 16.7 : 1
Governor type of injection pump Electric governor | Mechanical/(R.S.V) | Electric governor
Fuel consumption g/PS.h 160 165 165
(SG: 0.832 g/cc) Liter/h 67 82 82
Injection timing (B.T.D.C) deg 17° +1°
Starting system Electric Starting by starter motor
Starter motor capacity V-kW 24 -7
Alternator capacity V-A 24 -80
Battery V- Ah 24 -150
Cooling system Radiator
Coolant water capacity Liter Max.: 32, Min.: 30
Fresh water pump type Centrifugal type driven by V-belt
Sea water pump type Rubber impeller type driven by V-belt

Fan capacity Liter Max.: 44, Min.: 20 (Engine total: 47)
Lubricating oil (Engine)

Pressure kg/cm2 Max.: 3, idle: 1
Direction of revolution Crankshaft Counter clockwise viewed from stern side
Engine size (L x W x H) mm 1,409 x 877 x 1,1136
Engine dry weight kg 1,047

Note:
A Fuel consumption data is based on engine test data, and Fuel efficiency may difference depending on
vessel driving habits and sea conditions.
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1.2. Schematic Diagram of Engine

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

1.2.1. Outside Drawing of Engine (4L126TIH/ 4L126TIM/ 4L126TIL)
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@ Structural Diagram

EDX12230285

© N o o~ b=

Flywheel housing
Turbocharger

Qil filler cap
Cylinder head cover
Flywheel

Oil filter

Oil cooler

Injection pump

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

Qil level gauge
Generator
Thermostat
Water chamber
Fuel filter
Intake manifold
Breather

Oil pan

17.
18.
19.
20.
21.
22.
23.

Mounting bracket
Exhaust manifold
Start motor
Reservoir tank
Saltwater pump
Fresh water pump
Oil drain pump

1. General Information




1.2.2. Outside Drawing of Engine (4AD126TI)

@® Plane View
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@ Structural Diagram

EDX12230287

1.  Flywheel housing 9. Oillevel gauge 17.  Mounting bracket
2. Turbocharger 10. Generator 18. Exhaust manifold
3. OQilfiller cap 11. Thermostat 19. Start motor
4.  Cylinder head cover 12.  Water chamber 20. Reservoir tank
5.  Flywheel 13. Fuelfilter 21. Saltwater pump
6. Oilfilter 14. Intake manifold 22. Fresh water pump
7. Oil cooler 15. Breather 23. Qil drain pump
8. Injection pump 16. Oil pan
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1.3. Engine Performance Curve

1.3.1. Performance Curve (4L126TIH)
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1.3.2. Performance Curve (4L126TIM)
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1.3.3. Performance Curve (4L126TIL)
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1.4. Engine Model and Serial Number

The engine serial number is engraved on the
engine block as shown in the picture on the
right. This number is required for warranty
claims, ordering parts and ship inspections.

EDX12230122

CAUTION
The engine model name is indicated on a

plate attached to the cylinder block as
shown in the picture on the right.

@ Engine serial number (Ex. : L126TI)
ECIKM200001

Serial number

Year of manufacture
(2002)

—— Engine model

EDX12230123
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2. Safety Regulations

2.1. General Information

In order to make use of the engine safely and reliably on a daily basis, be sure to always check all

engine-related matters before using it. The engine operator must familiarize themselves with the con-

tents of this Operation and Maintenance Manual and always comply with the daily inspection and regu-
lar inspection techniques.

The contents below are a summary of the most essential rules which must be observed. The contents

are divided into sections on preventing injury and property damage, as well as preventing environmental

pollution. The various rules determined based on the engine specifications or region must also be fol-

lowed.

A

Important

Seek medical assistance immediately in the event that an unanticipated accident occurs in spite of
having been careful when using or servicing the engine, such as coming into contact with corrosive
acid or fuel, being burnt by hot oil, or getting antifreeze in your eyes.

2.2. Rules for Preventing Injuries

2.2.1. Starting and running the engine during test operation

Before operating the engine, read the Operation and Maintenance Manual carefully first to familiarize
yourself with the "Caution” items and the main inspection items related to running and operating the
engine, such as the gauge panel. Please contact a HD Hyundai Infracore service center or a local
technician if further explanation of any of the contents of this manual is required.

@ To ensure absolute safety, place a warning label on the door to the engine room prohibiting any
unauthorized personnel from entering. Also, make sure that the engine operator understands that
they are responsible for safe operation in the engine room.

@ The engine should be started and run only by authorized personnel. Never let any unauthorized
personnel start the engine.

@ Do not approach any rotating parts while the engine is running. Be sure to wear close-fitting
clothes.

@ The engine becomes very hot while it is running so there is a danger of being burnt. Never touch
the engine with bare hands.

@ Exhaust gas contains toxic chemicals so be sure to comply with the installation standards in the
chapter "Exhaust System" for HD Hyundai Infracore marine engines installed in enclosed spaces
such as engine rooms. Make sure the engine room is fitted with an adequate ventilation system,
such as air inlets and outlets.

@ Be sure to keep the area around the engine and ladders, etc. free from oil or grease. Slipping can
result in serious injury.
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2.2.2. Cautions for service
@® Make sure to perform service work only with the engine stopped. If it is necessary to perform ser-
vice work with the engine running, be careful of any possible safety accidents and scalding.
Do not get too close to any rotating parts if performing service work while the engine is running
cannot be avoided.

@ Change engine oil while it is still warm after stopping the engine.

CAUTION
Do not touch the oil drain plug or oil filter with bare hands while the engine is running.
The engine oil is hot and may cause burns.

@ Check the amount of oil in the oil pan in advance so that a suitable container with a sufficient
capacity can be used for changing engine oil.

@® When replacing or refilling engine coolant, cool the engine off first, then wrap the coolant pressure
cap on the auxiliary tank in a cloth, turn it slowly to gradually release the high air pressure built up
within the enclosed circuit, and open it. Hot coolant can cause scalding and other injuries.

@ Do not tighten or disconnect any pipes or hoses (engine oil circuit, coolant circuit and hydraulic oil
circuit) while the engine is running. There is a risk of damages (accidents such as fires or burns)
occurring due to the liquid pouring out.

@ Fuel is highly flammable. Never smoke or use fire around the engine.

Fueling should be performed only while the engine is stopped.

@ Be sure to wear safety goggles when performing tasks which involve using compressed air, such
as cleaning the heat exchanger.

@ Engine service items (such as antifreeze) should be stored in properly labeled containers so as to
avoid confusing them with beverage containers.

@ Follow the instructions provided by the battery manufacturer when checking or handling batteries.

CAUTION
The battery fluid is toxic, corrosive and explosive.
Hence, it should be handled by a professional technician.

2.2.3. Performing inspections, adjustments and repairs

@ Engine inspections, adjustments and repairs should only be performed by qualified personnel.

@ Use only proper tools which are in good working condition. If using a wrench with a worn and split
tip, it may slip on the parts, leading to a safety accident.

@® When lifting the engine with a crane, never let anyone stand or pass below it.

Check the safety condition of the crane before working with it.

@® When measuring the pressure in the injection nozzles, keep hands away from the spot where fuel
is injected. The high pressure may cause safety accidents. Be careful not to inhale atomized fuel in
the air.

@® When working on the electrical system, be sure to disconnect the battery ground cable ("-" (posi-
tive) cable) first.

In order to prevent a short circuit, perform a final inspection before reconnecting it.
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2.3. Preventing Engine Damage and Premature Wear

1)

A

The customer must not attempt to exceed the set continuous maximum power of the engine provided

by HD Hyundai Infracore for any other purposes.

For more details, refer to "5. Main Auxiliary Devices." Never attempt to modify the fuel injection pump

without prior written consent from HD Hyundai Infracore.

If any problems occur while running the engine, find the cause and resolve the problem immediately

to ensure that severe damage does not occur afterwards.

Use only genuine HD Hyundai Infracore spare and service parts for inspections and maintenance.

HD Hyundai Infracore is not responsible for engine damage occurring as a result of using imitation

parts.

Make sure to observe the following instructions as well as the instructions above:

@ Do not operate the engine without oil or coolant.
Use only service items (engine oil, antifreeze, anti-corrosive agents, etc.) recommended by
HD Hyundai Infracore.

@® Keep the engine clean. Diesel fuel must not contain any water.

@ Refer to "4.6. Fuel System" in the Operation and Maintenance Manual.

@ Follow the specified maintenance schedule for the engine, referring to "4.2. Daily Inspections and
Regular Inspections.”

@ Do not stop the engine immediately while it is hot after being run. Instead, idle it for approx. 5 min-
utes without any load so that its temperature drops naturally, then stop the engine.

@ Do not pour cold coolant into an overheated engine. Parts may be damaged.

@® When adding engine oil, do not exceed the upper limit indicated on the oil gauge.
When mounting the engine, be careful not to exceed the maximum allowable inclination angle.
Failing to comply with the guidelines in this Maintenance and Operation Manual can cause severe
damage to the engine.

@ Check that the testing and monitoring devices (for the battery, oil pressure, coolant temperature,
etc.) are always working properly.

@ Do not run the saltwater pump in a dry state. Drain coolant after stopping the engine if there is a
risk of it freezing.

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

2.4. Rules for Preventing Environmental Pollution

2.4.1. Engine oil, filter element, fuel filter

@ Used oil should be collected in an oil disposal container. Be especially careful not to allow oil to
spill onto the ground or into the sea. Spilled oil can pollute sources of drinking water.

@ Oil and fuel filter elements are classified as environmental pollutants and must be disposed of
according to the relevant laws.
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2.4.2. Coolant

@ Undiluted anti-corrosive agents or antifreeze should be disposed of as hazardous waste.

@® When disposing of used coolant, follow the applicable local regulations.

2.5. Safety Matters for Handling Used Engine Oil

If your skin comes in contact with engine oil for an extended period of time or repeatedly, it can lead to
skin irritation.

As can be seen in the results of experiments on animals, used engine oil contains harmful substances
which may cause skin cancer. When handling engine oil in the workplace, there is no cause for serious
concern about health risks arising from handling oil if basic hygiene and workplace safety rules are fol-
lowed.

Health Precautions
A @ Avoid repeated or prolonged skin contact with used engine oil.
@ Protect the skin with a suitable skin protection product (cream, etc.) or wear protective gloves.
@ If skin comes into contact with engine oil, wash it off immediately as follows.
- Wash the skin clean with soap and water, using a brush for nails, etc.
- Readily available commercial products for cleaning off grease easily and effectively can also be
used.
- Do not use gasoline, diesel fuel, gas oil, thinner or solvents, etc. to clean oil off skin.
@ After washing the skin, apply lotion to it for protection.
@ Wash fuel- or oil-stained clothes or shoes before wearing them.

@ Do not carry fuel- or oil-stained rags, etc. in your pockets.

Check to ensure that used engine oil is disposed of properly.
Improperly discarded engine oil can pollute drinking water.

Hence, never spill used engine oil into the ground, ditches or drains.

Failing to comply with disposal regulations is punishable by law, so please take care to dispose of
engine contaminants (oil, fuel, antifreeze, etc.) according to the relevant regulations. For details regard-
ing disposal procedures, contact the distributor, supplier or local agency.

2.6. Cause of Electrolytic Corrosion

One of the most important causes of corrosion of metal parts in salt water is interference current from
the ship's electrical system. These currents may be very weak and are often hard to detect. However, if
they are active over prolonged periods of time, they may cause heavy corrosion.

Electrolytic corrosion may be prevented by a suitable electrical wiring.

Marine engine installations require special grounding of electrical system components to minimize elec-
trolytic corrosion from stray currents and to minimize radio interference.

On metallic the boats the hull may serve as the common bonding conductor and a separate bonding
system may not be required.
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3. Operation

3.1. Inspection Items Before Running the Engine

3.1.1. Lubricant

@ The oil level should be between the
upper and lower limits on the oil level
gauge.

@ The oil level must be measured in a
horizontal state without any waves.

@ Check the oil smeared on the oil mea-
suring gauge for its viscosity and level
of contamination. If necessary, replace
or refill the engine oil.

CAUTION
The upper and lower limit marks indicated

on the oil level gauge may differ
depending on the inclination of the engine
installed. When running the engine for the
first time after installation, fill the engine oil
to its maximum capacity and check
whether it matches up with the upper limit
on the gauge. If they differ from one
another, readjust the upper and lower limit
marks to suit the angle of inclination of the
engine installed.

(Refer to "4.4. Lubrication System" when
engraving the max./min. marks on the oil
level gauge)

3.1.2. Coolant

Add coolant if the level is low. The pressure
cap serves to raise the boiling point and to
prevent phenomena such as cavitation
which create air bubbles in the engine.

Use the expansion tank cap tester to check
the opening pressure of the pressure valve.
If the measurement is below the standard
value, replace the coolant cap.

(Opening pressure of pressure valve:

0.9 kg/cm?2)

EA404001

EB203006
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3.1.3.

3.1.4.

3.1.5.

3.1.6.

A

Saltwater pump

The inlet and outlet on the saltwater pump differ depending on the rotating direction of the shaft.

@ The load caused by overtightening the belt or gears shortens the pump life.

@ Do not run the saltwater pump in a dry state for more than 20 seconds.

@ Check whether all of the valves and plugs in the saltwater system are open before running the
engine.

@ If there is a risk of freezing, open the rear cover on the saltwater pump and drain the water.

@ Operating temperature range : 5 - 60 °C

Qutlet Inlet Outlet Inlet

PV Voo

EA703005

Intake/ exhaust manifold

Check whether contamination, rust or clogging, etc. is causing excessive resistance in the intake/
exhaust manifolds.

Fuel line

Open the valve on the fuel line and check for any leaks, etc.

Inspecting the floor of the ship

Check whether there is an excessive accumulation of water on the floor of the ship in the engine room.
The ship's floor should always be clean and dry. An excessive accumulation of water on the ship's floor
can lead to corrosion of the engine and fires due to short circuits in the various electrical components.
In order to prevent water from accumulating, install a water drain pump with an automatic adjustment
switch on the ship's floor.

CAUTION

When the ship is run at full speed, the longitudinal inclination of the ship becomes higher, increasing
the height of the water accumulated on the ship's floor.

An excessive accumulation of water on the ship's floor increases corrosion in the engine, leading to
severe malfunctions.
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3.1.7. Engine stopping and warning devices

In addition to an automatic stopping mechanism, the gauge panel is equipped with a warning lamp and
warning device which warn the operator in the event that one of the following problems occurs.

1) Engine stopping mechanism
The engine stops while the warning lamp blinks and a warning buzzer sounds in the following
cases:
@ Low engine oil pressure (0.5 kg/cm2 or less)
@ Overheated engine coolant (103°C or higher)
@ Engine overspeeding (over 117% of the rated rpm)
2) Engine warning mechanism
The engine warning lamp blinks and a warning buzzer sounds in the following cases:
@® Low engine oil pressure (1 kg/cm?2 or less)
@ Overheated engine coolant (93°C or higher)
@ Battery charging problem

@ Engine overspeeding (over 117% of the rated rpm)

If the warning lamp on the gauge panel above turns on after starting the engine, follow the procedure
l ‘ s below.

First, determine which system has the problem and whether the needles on each gauge are moving
abnormally. Then, immediately check each warning lamp. If the engine coolant is overheated, switch to
an idling speed immediately and put the reduction gear control lever in the neutral position. Confirm the
cause of the warning and do not start the engine again until it has been repaired.

Refer to the "Overheating" troubleshooting section in the service manual. If the coolant temperature
gauge indicates a high coolant temperature, check whether there is not enough coolant, the heat
exchanger is contaminated or the temperature sensor is malfunctioning.

If the cause of the warning cannot be determined, please contact a HD Hyundai Infracore dealership.

3.2. Starting

3.2.2. Operating techniques

This involves booting up or shutting down the digital panel system, as well as stopping the engine.
1) Using the key included with the product, insert it into the key switch and turn it 90° to the right (ON)

(If the key is "ON," keep the key switch turned on)

2) When turned "ON," the product boots up and the gauge screen is displayed in approx. 17 seconds
3) When turning the system off, turn the key 90° to the left (OFF)

@® When the key is turned to the left (OFF) while the engine is running, an alarm pop-up message
appears on the screen for 300 seconds. Then 300 seconds later, the engine stops and the
event is saved.

@ If the key is turned to the right (ON) when the pop-up window is on the screen, the pop-up win-
dow disappears and the engine keeps running.

For details, refer to the enclosed Digital Panel Service Manual for Ships.
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3.3. Operation

In order to achieve maximum engine performance and prolong its service life, the engine must be bro-
ken in during the initial 50 hours.

3.3.1. Engine break-in

HD Hyundai Infracore marine engines are run only for a short period of time for their final test at the fac-
tory. Therefore, the break-in procedure should be performed for the initial 50 hours of operation in order
to ensure optimum performance and prolonged service life.

CAUTION

Check to make sure that the lubricant is suitable during the engine break-in period.

After the 50-hour break-in period is complete, replace the lubricant supplied at the factory with fresh
oil.

3.3.2. Initial two-hour break-in
During the first 5 - 10 minutes of operation, run the engine at a high idling speed (1,500 rpm or less).
For two hours,
increase the speed of the ship gradually, then reduce the load in order to maintain the idling speed.
During this time, slowly increase the engine speed to approx. 1,500 rpm and then lower it again repeat-
edly at two- to three-minute intervals. Once the engine coolant reaches a suitable temperature, the
engine speed will decrease slightly.
Then, increase the engine speed to start breaking in the rings (piston rings, oil rings, etc.) and bearings.
During this time, be careful not to run the engine at more than 1,500 rpm.

CAUTION
During the initial two-hour break-in period, be sure to avoid running the engine continuously at a
consistent speed without any change in the rpm.

3.3.3. The following 18 hours of break-in

Following the initial two-hour break-in period, for 18 hours, take turns slowly changing the engine rpm
from an idling speed to approx. 1,800 rpm (3/4 load) repeatedly. Reduce the rpm to an idling speed
occasionally in order to cool the engine. During the 18-hour break-in period, the engine can be run at
full speed (2,000 rpm) twice for two minutes or less.

CAUTION
During the 18-hour break-in period, be careful not to run the engine continuously at a consistent
speed for an extended period of time.

3.3.4. The final 30 hours of break-in

During the final 30 hours, the engine can be run at full speed (2,000 rpm) once for 5 - 10 minutes.
Once the engine coolant reaches a suitable temperature, the speed drops slightly for a moment. Fol-
lowing this, run the engine continuously at a 3/4 load (1,800 rpm).

Reduce the engine speed to an idling speed at two- to three-hour intervals occasionally in order to cool
the engine.
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CAUTION
A During the break-in period, be careful not to run the engine continuously at a consistent speed for an
extended period of time.

During the initial break-in period, check the engine oil level frequently. Be sure to check that the oil level
remains between the "upper limit" and "lower limit" marks on the oil level gauge.

CAUTION

A The oil pressure may fluctuate slightly following changes in the engine rpm.
Also, the oil pressure tends to be higher at the same engine speed when it is hot than when it is cold.
Replace the engine oil and filter when the break-in period (50 hours) ends.

3.3.5. Operation after break-in period
When running the engine in cold weather, always warm the engine up gradually.
Avoid running the engine at full speed until it reaches the normal operating temperature.
Oil consumption is high until the piston rings are seated. Hence, check the oil level frequently during the
initial 50-hour break-in period.
Idling the engine for extended periods of time can cause oil leaks in the turbocharger, so avoid idling
the engine continuously for more than 12 hours.

3.4. Inspection After Starting the Engine
Always check the engine oil pressure gauge while running the engine. If a drop in engine oil pressure is
indicated on the gauge panel, stop the engine immediately. The charge warning lamp for the generator
must be turned off while running the engine.

@® Make sure that the '+' and '-' terminals on the battery are connected firmly without any gaps.

@ If the battery charge warning lamp comes on and the engine stops suddenly while driving, check the
electrical system for a wiring malfunction.

@ If an abnormal condition, such as abnormal emission color, noise or odor, occurs while driving, stop
the engine to find and correct the cause.

3.5. Inspection After 50-Hour Break-In
In order to ensure safe operation of the ship, contact a HD Hyundai Infracore marine engine dealership
after the 50-hour engine break-in period to have a comprehensive inspection performed on the engine
as follows.

@ Replace the engine oil and oil filter

® Replace the fuel filter

@ Inspect the coolant level

@ Check the drive belt tension

@ Check for vibrations in the brackets, etc. installed in the engine and the tightness of screws

@ Parts prone to oil and water leaks, malfunction of the gauge panel, vibrations in various shafts, mat-
ters related to the ship speed, etc.

Fixing minor problems at this time can prevent major engine malfunctions caused by an accumulation of
problems later, enabling the engine to be used confidently and safely.
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3.6. Running the Engine in Winter

3.6.1.

3.6.2.

3.6.3.

Prevention of coolant freezing

If antifreeze is not used, it may cause corrosion to spread within the engine, as well as reducing cooling
efficiency and causing engine freezing in winter.

Hence, be sure to drain coolant completely after operating the engine. As frozen coolant can damage
the engine severely, make sure to add antifreeze to it.

(Amount of antifreeze : 45% of coolant capacity)

Prevention of engine overcooling

If the engine is cooled excessively, it can lead to poor heat efficiency, increased fuel consumption and
increased cylinder liner wear. Therefore, the engine should not be cooled excessively. If the coolant
temperature does not reach a normal level (79 - 94 °C) even after running the engine continuously,
check the thermostat or various coolant lines.

Lubricant

The viscosity of engine oil increases in cold weather, which may cause the engine speed to be unstable
after the engine is started.

Using lubricant for winter (SAE 10W40 or 10W30) prevents this type of instability.

(Refer to section 4.4.)

3.7. Servicing and Checking Engine Parts After Prolonged Operation

Inspecting the engine after prolonged operation restores engine performance and enhances engine
durability against wear, corrosion and deterioration of its components.

Unpredictable malfunctions and defects can occur in weak points after an extended period of operation
time under normal operating conditions. In such cases, repairing or correcting only one or two compo-
nents cannot restore or enhance the engine performance. It is necessary to analyze the cause in detail
precisely to replace or correct components that are related to or can affect the engine power and perfor-
mance.

Proactive failure prevention measures for the engine can ensure long and safe operation with enhanced
reliability.

It is recommended to perform preventive inspections for engine components in spring after winter has
ended.

The following components need to be inspected during the preventive inspections as they can affect the
engine power and performance:

@® Components which affect fuel injection ;
Nozzle, delivery valve, fuel filter, water separator, etc.
@® Components which can affect intake and exhaust ;
Air filter, intercooler, turbocharger, muffler, engine room ventilation device, etc.

@® Components that can affect lubrication, cooling and vibrations ;
Air filter, oil filter, antifreeze, heat exchanger, rubber impeller, saltwater filter, Kingston valve, central

balance of axles, strength of engine mounting support, deflection of the propeller, etc.
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4. General Inspections

4.1. Precautions for General Inspections

@ Before performing an inspection, disconnect the cable (ground cable) from the negative (-) battery
terminal in order to prevent cable damage due to short circuits.

@ Place a cover over disassembled parts to avoid any external damage or contamination by foreign
materials.

@ There is a danger of the painted surfaces of parts being damaged if contaminated by engine oil or
antifreeze so they must be handled with care.

@ When servicing parts which require special tools, damage to parts can generally be prevented by
using the appropriate tools or special tools.

@ Make sure to use genuine HD Hyundai Infracore parts for replacements.

@® Do not reuse consumable parts which have already been used during inspections, such as copper
seal rings, gaskets, O-rings, oil seals, lock washers, self-locking nuts, and rubber seal rings. Be sure
to replace them with new parts, while keeping disassembled parts sorted into groups to make reas-
sembly easier.

@ The tightening bolts and nuts for each part were designed with their mounting location in mind and
each have a different strength and length, so they must be assembled in the correct locations.

@ Be sure to clean parts before inspecting or reassembling them.

Also, clean out oil holes, etc. using compressed air in order to prevent contamination due to foreign
materials.

@ Before assembly, apply a thin layer of clean oil or grease to the sliding and moving areas of parts in
order to lubricate them.

@ If necessary, use sealant on gaskets in order to prevent oil and water leaks.

@ When tightening bolts and nuts, be sure to observe the specified tightening torque.

@® When the inspection is complete, perform a final inspection to ensure that the inspection was per-
formed properly.
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4.2. Daily and Regular Inspections

General inspections refer to preventative maintenance. By performing maintenance in advance before
problems occur in the engine, the user can keep the engine running in an optimal state and make use of
the engine without any malfunctions for an extended period of time.

Preventative maintenance performed in order to prevent engine malfunction and constantly maintain
optimal performance requires daily and regular inspections, as well as basic maintenance.

@ The daily inspection items in the following table should be checked daily (Daily inspections)
@ The regular inspection items below must be checked thoroughly at regular intervals. (Regular inspections)

Regular inspection
Inspection Items Daily (at every interval of hours) Remark
50 100 | 250 | 500 | 600 | 1,000
Check coolant level and refill )
Check coolant and antifreeze for con- Replace
tamination ° every year
Cleqn he_at e.xchanger and fresh water 1,200 hours
cooling circuit
Replace
Cooling |Check belt tension and replace [ every 2,000
system hours
Replace
Replace thermostat every two
years
Check saltwater discharge rate
(Check opening of Kingston valve) L
Rubber impeller in saltwater pump 1,200 hours
Check oil level in oil pan/
reduction gear ®
Replace engine oil o LJ Cl-48CH-4
. Initial (] CJ-4
Lubrica- ®
tion |Replace oil filter Initial o
system ®
Replace oil in reduction gear Initial (]
Check cylinder compression °
pressure
Adjust intake/exhaust valve [ ]
clearance Initial o
Inatilée Clean or replace air filter and strainer CI:an Re[:aoe
Exhaust [Clean intercooler [
system Clean turbocharger Every 2,000
hours
Check concentration of exhaust gas [
Inspect for leaks in fuel line o
Clean fuel strainer in fuel
supply pump b
Remove residue from fuel tank Whenever
(Clean fuel tank) necessary
Fuel |Drain water from separator o
system ) [ ]
Change fuel filter Initial ()
Inspect fuel injection timing Whenever
necessary
Inspect fuel injection nozzle Whenever
necessary
. |Check warning lamp )
E;i::gcrfl Check battery charging state o
Check wiring Y
* If the sulfur content of the fuel is more than 0.5%, the replacement and inspection cycle should be
cut in half.
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4.3. Cooling System

4.3.1. Checking and refilling coolant

@ Check the coolant level daily and add more if necessary. Also, coolant should be changed every
1,200 operating hours or 6 months (whichever occurs first). If coolant is contaminated, it can lead
to engine overheating and overflow into the thermal expansion tank.

@ Be sure to use clean water (soft water) such as tap water for the coolant used in the engine.

@® Mix 45% antifreeze and 5% or less of an anti-corrosive agent into the engine coolant.
(Refer to "Checking Coolant")

CAUTION

A A suitable ratio of antifreeze and anti-corrosive agent prevents corrosion effectively in order to keep
the engine running safely, but an unsuitable mixture causes cavitation, etc. in the coolant pump
impeller and coolant passages within the block, leading to engine failure.

1) Adding coolant
Fill the reservoir tank 2/3 with coolant. At this time, loosen the screws on the raised coolant lines or
plug on top of the wet turbocharger in order to release air, then retighten them when no more air
bubbles are visible.
Coolant must be poured in slowly to avoid air mixing with the coolant.
After adding coolant, idle the engine for around five minutes to circulate the coolant containing air,
causing the air to be released and lowering the coolant level. At this time, stop the engine and add
more coolant.

2) Replacing coolant

@® Open the coolant filler pressure cap
to remove the pressure.

® Remove the two plugs from the bot-
tom of the heat exchanger and the
coolant suction pipe to drain the

coolant. :

@ Tighten the coolant drain plug. \ 1 L F: I

@ Add more coolant according to the : 36 5 <0 ; rI Vaim
"Adding Coolant" section above. —— — O EDX12230172

CAUTION

When removing the coolant pressure cap while the engine is hot, wrap the cap in a cloth and loosen
it slowly to release steam inside. The steam can cause burns if the coolant pressure cap is opened
suddenly.
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4.3.2. Checking coolant and antifreeze for contamination

1) Checking coolant

@ Engine coolant contains a mixture of clean water (soft water) such as tap water, 45% antifreeze
and 5% anti-corrosive agent. The mixture concentration of antifreeze and anti-corrosive agent
must be inspected every 600 hours in order to keep it at a suitable level.

@ The mixture concentration of antifreeze and anti-corrosive agent can be checked with a coolant
contamination measuring kit.
(Fleetguard CC2602M : DHI No. ; 60.99901-0038)

@® How to use the coolant contamination measuring kit
a) Collect coolant between 10 - 55 °C from the drain plug on the engine cylinder block or the

pipe at the coolant pump inlet and fill the plastic container around halfway.

CAUTION

A When gathering a coolant sample, the coolant in the reservoir tank is less contaminated and may not
yield an accurate measurement of the concentration in the engine, so gather a sample of coolant
from the bottom of the cylinder block.

b) After shaking the coolant sample,
dip the test strip in the container, % GLYCOL / FREEZEPOINT (C) (End Pad)
take it out after 3 to 5 seconds, then 20 3% 0% S0% %
shake the moisture off the test strip. L L] L]

. -12° -15° -18° -21° -23° -29° -34° -43° -51°C
c) After waiting approx. 45 seconds for

the colors on the test strip to change, SCA Units per Litre
cc?mpare.the discolored tgst strip . 00104107 0910/11113!15
with the figures at the horizontal and Rou® TEST
vertical intersections on the color list w5 0:010.410.610.7/0.9/0.9|1.1/1.3
Ia?el attached to thg st_orage con- 0.0l04l05105l0607 10012
tainer for the test strip in order to Ron 4 ERVIC|
determine whether the concentration s 0.00.3/0.4/0.4|0.6(0.70.9 1.1
and level of contamination are safe. (] 0.010210310410506!081.0
CAUTION 0.0/02/0.2/0.2(0.4/05(0.7|0.9
The color of the test strip may change 75 "ol ——PRE CHARGE
seconds after being taken out of the o0 0.0/0.110.2/0.2/0.3/0.4/0.6 0.9

coolant so compare the colors and perform
the inspection quickly within 75 seconds.
Do not touch the colored area by hand.

A B C D E F G H

NITRITE

(avd 37adIn) [»
31vAgAION

EA705013

@ Reading the test strip

| I

a) Compare the FREEZEPOINT (freezing point) at the top of the storage container with the
changed color on the pink end of the test strip to determine the antifreeze concentration.
(The concentration must be within 33 - 50% of the color range.)

b) Compare the discoloration on the middle and first part of the test strip with the horizontal and
vertical color indications on the container. The point where they intersect indicates the state
of the anti-corrosive additive. It should be maintained within the green section of 0.3 - 0.8, a
suitable range.

c) If the measured result from section (b) above is less than 0.3, add more of the anti-corrosive
additive. If it is over 0.8, drain some of the coolant and add soft water to adjust the concentration.
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CAUTION
A In order to prevent corrosion within the cooling system in the engine, drain the coolant every year or

every 2,000 hours (whichever occurs first) and replace it with fresh coolant.

2)

Antifreeze

It is recommended to mix coolant with 45% antifreeze. Antifreeze can prevent freezing and corro-
sion of the cooling system and increase the boiling point of coolant. The amount of antifreeze in
winter can be adjusted according to the ambient temperature as shown in the following table.
Each freezing point by antifreeze ratio in the table differs slightly depending on the type of anti-
freeze. For details, refer to the specifications provided by the antifreeze manufacturer.

Ambient temperature (°C) Coolant (%) Antifreeze
-10 or higher 85 15
-10 80 20
-15 73 27
-20 67 33
-25 60 40
-30 56 44
-40 50 50

The amount of coolant decreases naturally as the engine is operated. Adding tap water in this state
can reduce the antifreeze ratio in the coolant. To maintain the specified ratio (45%), check the ratio
and add the necessary amount of antifreeze.

4.3.3. Cleaning the heat exchanger and fresh water cooling circuit

1)

Cleaning the heat exchanger

If the tubes in the heat exchanger are clogged by small particles or corrosion, the amount of salt-

water supplied decreases, causing the coolant to overheat and gradually reducing the cooling effi-

ciency.

@® Remove the covers on both sides of the heat exchanger and clean the tubes in the heat
exchanger of any small particles clogging them.

@® When cleaning the heat exchanger tubes, remove any rust from the outside and inside of the
tubes using a small wire brush, then spray them with pressurized water to clean them thor-
oughly.

Cleaning the fresh water cooling circuit

Cooling efficiency drops when the inside of the cooling circuit is contaminated with corrosive scale
or sludge particles, etc.

Perform periodic inspections and clean the inside of the cooling circuit with a cleaning agent if nec-
essary.

The cleaning interval must be adjusted to suit the operating environment.

Note:
To prevent corrosion of the cooling system, a plug screw type Zinc Anode is applied, and please check it
regularly (1 month) and replace it when it is corroded.

ﬁ Cleaning interval for heat exchanger and cooling circuit : every 1,200 hours.
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4.3.4. Inspecting the Micro-V Belt tension and replacing the belt

The belt is equipped with an auto tensioner which automatically 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.

1)

2)

Replacing the Micro-V Belt if necessary
Replace the belt set in the event that
the pointer on the auto tensioner indi-
cates that it is time for a replacement, or
in cases where damage to the belt from
external factors has been confirmed
and there are concerns of severe dam-
age occurring.

Inspecting the condition of the belt
Inspect the Micro-V Belt for cracks, oil,
overheating and wear.

The vertical rod (A) shown by the arrow
is the "pointer," and the belt replace-
ment period is indicated when this
"pointer" enters the horizontal (B) range
shown in orange.

Measuring tension

The belt is equipped with an auto ten-

sioner which automatically adjusts the

belt tension so there is no need for extra

measurement of the tension. However,

in the event that measuring tension is

deemed necessary, measure the ten-

sion as follows.

@ Lower the indicator arm (1) to within
the scale.

a) Mount the tester on the belt
between the two pulleys so that
the edge of the contact surface
(2) is at the same height as the
V-belt.

EDX1218060

EA606011
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b) Press down on the pad (3) slowly
until the sound of the spring
being released is heard. Then, @) Q
the indicator moves upwards. \
If pressure is maintained even —=
after the spring is released, M . i

you will not obtain an accurate }

reading. 2
@ Reading the tension value EA606012
a) Read the tension of the belt at
the point where the top surface of
the indicator arm (1) intersects
with the scale.
b) Before reading the value, check
whether the indicator arm is
remaining in place.
Tension of tester
ryre Width of drive Newly installed Mair::;ngai:::n after
belt . 10 minutes after .
Installation . operation
operation (replacement interval)
8PK Micro V 27.61 mm 450-650 N 450-650 N 300 N

4) Adjusting tension and replacing the
Micro-V Belt

@ Use the square groove located at
the top of the pulley on the auto
tensioner to rotate the auto tensioner
clockwise.

@® Remove the existing belt.

@ After fitting all of the pulleys (except
the auto tensioner's) with a new belt,
rotate the auto tensioner clockwise

one last time to wind the belt onto EDX12230145

the auto tensioner pulley, then
release the auto tensioner which
was being pulled in the clockwise
direction.
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4.3.5. Thermostat

The thermostat keeps the temperature of / /{ N\ \
the engine coolant between 79 - 94 °C, / /To radiator™,

/ O\
thereby preventing premature wear and / / \ \

heat loss in the cylinders. [ YL )
When the temperature of the coolant reach- ] \2/ ) ﬁJ
ing the thermostat inlet from the cylinder BN
head is less than 79 °C, the valve is closed, —— / BVPZSS
bypassing the coolant directly to the coolant Fromjcoolant T@?ypaSS tqﬁy

pipe | 1
pump. When the temperature is 79 - 94 °C, \J ‘ ' ‘ s

EAMCoO02I

the coolant, heated by the open valve,
passes through the heat exchanger and is
cooled.

ltem Specifications

Type Wax pellet type

Opening temp. 79 °C

Full opening temp. 94 °C

Valve lift 8 mm or higher

1) Inspection

@ Check the wax pellet and spring for
damage.

@ Submerge the thermostat in a con- Ruler Thermometer

tainer filled with water, heat the con-

tainer, and check whether the valve

liftis 0.1 mm at 79 °C and 8 mm or
higher at 94 °C.

Wooden board

EFM2055I

2) Cautions for replacing and handling thermostat

@ Cautions for handling
Wax pellet-type thermostats have a slow reaction time to changes in coolant temperature, meaning
that the valve does not open quickly. Thus, avoid overspeeding or operating under an excessive load
after starting the engine initially.

@ When draining and then refilling water in the engine cooling system, ensure that the air in the entire
cooling circuit is discharged sufficiently.

@ Replacing the thermostat
Replace the thermostat if a defect is discovered. There may be a slight difference depending on the
level of contamination of the engine coolant, but it is usually replaced every two years.
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4.3.6. Checking the rubber impeller in the saltwater pump

The saltwater pump is driven by gears and employs a rubber impeller. Every time the engine is started, be
sure to check that the Kingston valve installed at the bottom of the ship is open. If the valve is closed and the
impeller rotates for over 20 seconds in a dry state without any saltwater, the rubber impeller can be burnt and
cracked even in a short span of time since the frictional heat produced by the high rpm is not cooled, thereby
damaging the rubber fins.

1) Disassembling the rubber impeller

17 21 19 1211 20 8 6

|

4 EDL06230044
1. Bearing 7. Cover 13. O-ring 19. Sleeve
2. Bearing 8. Gasket 14. Pump casing 20. Snapring
3. Nut 9. Impeller 15. Pulley 21. Snapring
4. Screw 10. W/R key 16. Oil seal 22. Plate
5.  Spring washer 11.  Carbon 17. Oil seal
6. Cam 12. Ceramic 18. Shaft

@ Loosen the screw on the rear cover and remove the O-ring.

@ Insert two flathead screwdrivers without sharp tips as shown in the picture above on the left,
using them as a lever to remove the impeller, or grab the body of the impeller firmly with pliers
and turn it to the right to remove it.

@ Loosen the cam mounting screw on the outer surface of the housing and remove the cam.

@® Remove the wear plate inside the impeller.

2) Assembling the rubber impeller

@ In order to prevent rotation of the dowel pin and wear plate installed in the impeller, align it with
the holes cut in a circle. However, check the amount of wear and replace it with a new one if
excessively worn.

@ In order to prevent water leaks and corrosion, apply sealant to the screw at the top of the cam
and the cam mounting screw, then assembile it.

@ Apply a thin layer of grease to the shaft mounting section on the inner side and outer surface of
the impeller, then turn it to the right with the impeller inserted into the assembly shaft key and
push it until it makes complete contact with the inner wear plate.

CAUTION
A Using a hammer to force it into place against the wear plate causes the shaft to move, damaging the
inner mechanical seal and causing leaks.
@® Mount the O-ring and then assemble the rear cover.

@ After opening the Kingston valve once the final assembly is complete, loosen the plug screw on
the top of the saltwater pump to bleed the system, check for any leaks, then start the engine.
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4.4. Lubrication System

4.4.1. Checking the oil level

@ Check the oil level in the oil pan and _ W
reduction gear daily using the oil dip- %Y/

stick.

@ The oil level must be measured approx.
10 minutes after stopping the engine
when the hull is in a horizontal state.

@ Check the oil smeared on the oil dip- Max.

stick, inspect the viscosity and state of

Min.
contamination, and change the engine EA605001
oil if necessary.

CAUTION
Overfilling oil past the upper limit indicated H L >

on the oil dipstick reduces the engine
power and increases the amount of blow-
by gas, leading to engine failure.

EB007002

@ Re-engraving marks on the oil dipstick
Upon release from the factory, the oil
dipstick (for the oil pan) has upper and .

. N\
lower limit lines engraved when O\
installed horizontally. When running the
engine initially, check the installation
angle of the engine mounted in the ship.

If the angle exceeds 6°, recheck the =
engravings and if necessary, re- EB0O7003

engrave the upper and lower limit lines
on the dipstick as shown in the picture
on the right to suit the inclination of the
engine in the hull based on the max./
min. oil capacity of the engine.

(Refer to "1.1. Engine Specifications"
for the max./min. oil capacity)
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4.4.2. Replacing the engine oil

The engine oil and oil filter are important factors affecting the engine life.

Engine oil affects startability, fuel consumption, carbon deposits in the combustion chamber, and wear
to the cylinder liner, etc.

Replace the engine oil after every 500 hours of operation.

In addition, the oil filter and engine oil must be replaced after the initial 50-hour break-in period.

Replacement method

@ Run the engine until it reaches the nor-
mal operating temperature. When the
engine oil is warm, turn the drain pump
to drain the oil in the oil pan (as well as
the oil in the reduction gear, if neces-
sary). Draining the engine oil while it is
warm allows the oil to be drained more
thoroughly, and impurities accumulated

in the oil pan are also discharged along

with the oil.

@® Open the oil filler cap on the head cover
and refill the engine oil to the appropri-
ate level.

@® While adding oil, be careful not to let
dust or foreign materials enter the sys-
tem.

Check whether the oil level is near the
maximum level mark on the oil dipstick.

@ Idle the engine for approx. five minutes EDX12230006

so that oil is distributed throughout the
lubrication circuit.

@ Then, stop the engine.
Wait approx. 10 minutes, then check
the oil level. Add more oil if necessary.

Recommended lubricant

A Upon initial release from the factory, the engine is filled with API grade CJ-4 high-quality oil for engine
break-in.
This oil should only be used during the initial 50 hours of engine break-in. Then, replace it with new oil.
Be sure to check the oil level frequently during the break-in period. It is normal for the oil consumption
rate to be higher than usual until the piston rings are properly seated.
When checking the oil level approx. 10 minutes after stopping the engine, the oil level must always
remain between the upper and lower limit marks on the oil dipstick.
Use API grade CJ-4 or higher and SAE 10W40 engine oil in order to obtain the maximum engine
performance and lifespan. Refer to the label printed on the container of the product.
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Engine Oil Viscosity by Temperature
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EDX12200001
@® Recommended oil specifications
Manufacturer Recommended oil Grade
SK SK ZIC X5000 DS 10W-40
GS Caltex Kixx DX EURO CJ4 10W40/ GS Caltex Grfg\fvfg"‘
STLC RUBIA TIR 7400

* If API service grade of engine oil is upper than CJ-4, Qil service interval can be 500hr. And if it's less
than CI-4&CH-4 grade, oil should be changed every 250hr (1/2).

4.4.3. Replacing the oil filter cartridge

Both engine oil and the oil filter are important factors affecting the engine life.
Replace the oil filter cartridge as well when replacing the oil.

@® Remove the drain plug on the head of
the oil filter to drain the engine oil inside
the filter first.

CAUTION
Do not forget to retighten the drain plug

after draining the engine oil.

@ Use a filter wrench to turn and loosen
the oil filter in the counterclockwise
direction.

@® Wipe the filter and body of the packing
contact surface on the oil filter with a
rag thoroughly to ensure that the new
filter cartridge can be seated and sealed

properly.

Qil filter head

Cartridge

EDX12210021
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CAUTION

When replacing the oil filter cartridge, make sure to use a genuine new HD Hyundai Infracore
cartridge.

@ Before installing the new cartridge, apply a thin layer of clean engine oil to the O-ring, then tighten
it until the sealing surface makes contact with the O-ring and turn it an additional 3/4 to one turn in
order to create an airtight seal.

4.4.4. Replacing the oil in the reduction gear

Always use SAE 30 oil (not multi-grade oil) in the reduction gear, regardless of the season. The oil in
the reduction gear must be replaced after the initial 100 hours of engine operation, then every 600
hours afterwards.

4.4.5. Cylinder compression pressure

@ After performing a test run of the
engine, stop the engine and disassem-
ble the nozzle assembly.

@ Install a special tool (gauge adapter) in
the nozzle holder mounting hole on the
cylinder and connect the compression
pressure gauge to the adapter on the
opposite side.

@ After shutting off the fuel circuit, run the EDX1218149

starter motor and measure the com-
pression pressure sequentially in each

cylinder.
Model Standard
DX12 37.7 kg/cm?2

Test conditions : Coolant temperature of
20 °C and speed of 200 rpm
(approx. 10 rotations)
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4.5. Intake and Exhaust System

4.5.1. Adjusting the intake/exhaust valve clearance

The valve clearance must generally be inspected after every 1,000 hours of engine operation.
For details, refer to "Valve Clearance Adjustment Procedure" in the section "6.3.21. Cylinder Head."

CAUTION

The valve clearance must be adjusted in the following cases.

@® When servicing internal engine parts (pistons, rings, etc.) or disassembling the cylinder head

@® When severe abnormal noise is coming from the valves

@ When there is an excessive amount of exhaust gas or the engine is not running properly in spite of

there being no problems in the fuel system.

4.5.2. Cleaning and replacing the air filter element

The engine life and performance are
affected significantly by the quality of the
intake air. A contaminated air filter element
reduces the amount of intake air affecting
the engine power, leading to premature
engine failure.

Furthermore, a damaged air filter accumu-
lates foreign materials in the cylinder com-
ponents or valves, causing uneven valve
operation and wear to the pistons and liner.
This increases oil consumption, reduces
engine power and ultimately shortens the
engine life. Hence, the air filter element
must be cleaned and replaced periodically.

@ Air filter element cleaning : Every 100
hours

@ Air filter element replacement : Every
400 hours

1) Cleaning the element
Clean the element in warm water and a
foam-less detergent.
Rinse the element in clean water.
Air-dry it naturally or dry it thoroughly
using an electric fan. Using a flame or
compressed air to dry the element can
damage it.

2) Inspecting the element
Check whether the inside of the ele-
ment is clean and dry.
Replace the element with a new one if it
is torn or damaged.

YeToYoYe)
0000000
00000

EA705006

EA3M1024
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4.5.3. Cleaning the intercooler

The intercooler installed in the DX12 model
is a saltwater cooling-type intercooler
whose lifespan and performance are
affected significantly by the quality of the
intake air. Contaminated, dirty air contami-
nates and clogs the air fins in the inter-
cooler, reducing engine power and
ultimately causing engine failure. Hence,
the air filter element must be inspected daily
and always kept clean.

EDX12230171

The anode must be replaced periodically in
order to prevent corrosion of the tubes in
the intercooler.

The replacement interval may vary depend-
ing on the engine operating conditions and
saltwater quality so perform inspections and
replacements according to the operating
conditions.

<Cleaning the intercooler>

Regular cleaning is required in order to maintain the maximum efficiency of the intercooler.

To clean the intercooler, remove the cover and clean it in a hot alkaline solution, i.e. a 3 - 5% P3-FD
solution.

If there are hard deposits of scale stuck to the intercooler even after doing so, pour a solvent on it
which is capable of removing scale without corroding the intercooler fan. Repeat this until the deposits
are removed. When reassembling the intercooler, use a new O-ring, and before installing the O-ring,
check to make sure that the contact surface is clean.

ﬁ Intercooler cleaning : Every 1,000 hours

Note:
A To prevent corrosion of the cooling system, a plug screw type Zinc Anode is applied, and please check it
regularly (1 month) and replace it when it is corroded.

4.5.4. Cleaning the turbocharger

@® The turbocharger must be serviced every 2,000 hours. However, in order to be used long-term
without any malfunctions, be sure to check the oil pipes for leakage or clogging every time the
engine oil is replaced, and check periodically whether the turbocharger is producing abnormal
noises while driving.

@ Inspect the air filter element frequently, and clean it to ensure that foreign materials do not enter or
clog it.

@ The pressure of compressed air and exhaust gas must be measured and inspected periodically.
Air leaks should be repaired immediately since they can cause drops in engine power and over-
heating.

@ Clean the impeller frequently when driving in regions with air containing a large amount of dust or oil.
When disassembling the impeller case in order to clean the impeller, be careful not to bend the shaft.
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Use a non-acidic solvent when cleaning the impeller. If necessary, remove deposits using a plastic
scraper.

If the impeller is severely contaminated, soak it in solvent and clean it with a bristle brush. When
doing so, ensure that only the impeller comes into contact with the solvent. Be careful not to allow the
impeller to make direct contact with the bottom in order to prevent deformation of the impeller.

4.5.5. Checking the concentration of exhaust gas

Exhaust gas being discharged from the engine's exhaust pipe means that combustion is occurring
within the engine. Observe the state of exhaust gas daily. If abnormal exhaust is discharged (excessive
exhaust gas, white smoke, black smoke, etc.), there is a problem with the engine combustion. This
requires a professional inspection or maintenance.

4.6. Fuel System

The core of the fuel system is the fuel injection pump and injection nozzles. These are very complex and
precise parts, meaning that the nozzles can be clogged and cause the components of the injection
pump to seize up if the fuel is contaminated or there is water in the fuel. Hence, always keep the fuel
system clean and free of water.

4.6.1. Cleaning and maintaining the fuel tank

After filling the tank with the recommended fuel, draining any condensation accumulated on the bottom
of the tank completely and keeping the fuel full help to enhance engine performance.

ﬁ Check whether the fuel supply valve is open. (If used)

As the fuel tank cools after stopping the engine, condensation forms and can contaminate the fuel. In
order to prevent this, add fuel to the tank after running the engine each day.

In maritime regions, most fuel contamination is caused by moisture and the reproduction of microorgan-
isms. Generally, contamination arises from handling fuel improperly and not following common sense. If
fuel contains moisture, it is easy for microorganisms to reproduce and coat the bottom of the tank in a
black slime. Hence, it is important to keep the amount of moisture in the fuel storage tank to a mini-
mum.

In order to remove contaminated fuel from the fuel tank, install a water separator to gather the moisture
and foreign materials in the tank. Drain the contaminated, foreign matter accumulated here every day
and change the engine fuel filter several times until the fuel system is clean.

CAUTION

A Do not use a tank made of galvanized steel for fuel storage. Fuel produces a chemical reaction with
the zinc coating, causing it to peel off. These fragments clog the fuel filter quickly and contaminate
the fuel pump and nozzles.
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4.6.2. Allowed Fuel
Diesel fuel must comply with EN590/ASTM D975 grade 2.

@ Selection table for recommended fuels
The characteristics in the recommended fuel selection table below are intended to provide opti-
mum engine performance.

<Low sulfur diesel fuel components>

Property ASTM D975 2GRADE EN 590:2013
Flash point, min No 2D 52°C D923 55°C EN2719
Water & sediment, max. 0.05% vol. D2709
Water, max. 200 mg/kg EN ISO 12937
Total contamination, max. 24 mg/kg EN 12662
Distillation temperature 90% 65%: 250°C
(% vol recovered) 2D 282-338°C D86 85%: 350°C ENISO 3405
Kinematic viscosity (at 40°C) 2D 1.9-4.1 mm2/s D445 2.0-4.5 mm2/s EN ISO 3104
. o EN ISO 3675
Density (at 15°C) 820-845 kg/m3 ENISO 12185
Ester content 5% vol. max. EN14078 7% vol. max. EN 14078
FAME
Ash, max. 0.01% wt D482 0.01% wt EN ISO 6245
2D D5453 10 EN ISO 20846
Sulfur, max. (by mass) S15 15 mg/kg D2622 EN 1SO 20884
’ S500 0.50% D1292 EN ISO 13032
S5000 0.50%
Copper strip corrosion, max. No 3 D130 Class 1 EN ISO 2160
Cetane number, min. 40 D613 51 EN ISO 5165
Cetane index, min. 46 EN ISO 4264
- Cetane index 40 min. D976-80
- Aromaticity 35% vol. max. D1319
PAH, max. 11% wet EN 12916
Operability, one of: D2500
- Cloud point Report D4539
- LTFT/CFPP D6371
Cloud point Location&season | g\ 53415
dependant
Location & season
CFPP EN 116
dependant
Carbon residue on 10%
distillation residue, max. 2D: 0.35% wt D524 0.30% wt EN1SO 10370
Oxidation stability, max. 25 g/m3 EN ISO 12205
Lubricity (at 60°C), max. 520 um D6079 D7688 460 um ISO 12156-1
Conductivity, min. 25 pS/m D2624 D4308

Note) If the sulfur content of the fuel is more than 0.5%, the replacement and inspection cycle should be

cut in half.

CAUTION

In order to prevent fuel from freezing and clogging the fuel filter mesh, the cloud point of the fuel used
must be 6°C below the lowest temperature at which fuel starts to freeze.
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4.6.3. Removing moisture from the oil-water separator

We strongly recommend installing an oil-water separator in the ship's fuel line.

The reason for this is that microorganisms reproduce and grow in partially accumulated condensation
in the fuel tank, thereby contaminating the fuel. This clogs the fuel filter, disrupts the flow of fuel and
reduces engine power. If there is an oil-water separator installed in the fuel line, remove the condensa-
tion periodically.

If moisture enters the fuel, it can seriously affect engine performance and damage the engine.

4.6.4. Replacing the fuel filter

@ Turn the fuel filter cartridge counterclock-
wise with a filter wrench to loosen it.
Discard the used filter in the designated
place.

@ Wipe the filter contact surface clean.

@ Apply a thin layer of engine oil to the O-
ring and add fuel to the new filter.

@ Install the O-ring on the sealing surface
and tighten the cartridge another 3/4 to

one turn. EDX1218013

4.6.5. Cleaning the priming pump strainer

Clean the priming pump strainer(1) every
250 hours of operation.

The strainer(1) is mounted on the joint bolt
by the priming pump inlet.

Clean the strainer(1) with compressed air
and then rinse it with fuel.

EDX1218160

4.6.6. Bleeding the fuel system

Whenever the fuel filter is replaced or the
engine stalls due to insufficient fuel, remove
the air from the fuel line as follows. &
With the joint bolt on the fuel filter outlet and
injection pump bleeder screw loosened, oper-
ate the priming pump manually to remove the
air from the fuel.

@ Push down on the supply pump cap
repeatedly until fuel free of bubbles flows
out of the bleeding plug screw.

@ After all of the air has been discharged,
close the plug screws on the filter and
pump.

@ Push down on the fuel pump cap
repeatedly to check the resistance of
fuel delivery.

Priming pump

EDX1218161
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4.6.7. Injection pump

@ Check the housing of the fuel injection pump for cracks or damage and replace if damaged.

@ Inspect and check whether the lid seal for the idling control and speed control lever has come loose.

@ Do not modify the injection pump. In the event that the lid seal is damaged, the engine warranty is void.
@® We strongly recommend having any defects in the injection pump handled by a certified technician.

4.6.8. Injection nozzle maintenance (to be performed by a certified technician)

The injector is designed so that fuel sup-
plied from the injection pump is injected
directly into the round combustion chamber
in the piston crown. The injector is com-
posed of a nozzle and nozzle holder.

The copper seal installed on the injector
maintains airtight seating and proper ther-
mal diffusion.

The opening pressure of the nozzle is
adjusted using the shim of the compression

EAOM3003

spring.

EFM1006I

@ Install the nozzle on the nozzle tester.

@ Check the injection pressure. If the pressure does not reach the designated limit, use the adjust-
ment shim to adjust the nozzle.

@ Inspect the nozzle injection pattern and replace if damaged.

DX12

Opening pressure 300 bar

Note:
A Never use tanks made of galvanized steel for fuel storage. The fuel reacts chemically with the zinc coating to
produce powdery fragments which clog the fuel filter and may damage the fuel pump and injection nozzle.

4.6.9. Injection pipe

@® When installing pipes in the engine, make sure they are properly aligned.

@ Do not bend or permanently deform the pipes (in the event that the nozzle is not being replaced).
@ Do not install severely bent pipes.

@ Do not bend pipes more than 2-3° from the end.

In the event that a defect which may cause excessive operating pressure occurs in the injection sys-
tem, replace both the defective part as well as the injection line.
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4.7. Electrical System

4.7.1. Checking the warning lamp

Pay careful attention to whether the lamp on the gauge panel malfunctions during daily use.
It is normal for the oil warning lamp to turn on before starting the engine.

4.7.2. Checking the battery charging state

Check whether the battery is discharged or damaged before using the engine.

4.7.3. Checking the wiring

Every 600 hours, be sure to check whether the electrical wiring connected to or in contact with the hull
has come loose or whether there is any damage (open circuit, short circuit, etc.) in the wires them-
selves.

4.8. Long-Term Engine Storage and Maintenance

When storing the engine for an extended period of time, it must be stored and maintained properly in
order to prevent contamination or corrosion in the parts. By doing so, one can expect even smoother
engine operation than usual and a long service life free of malfunctions. The parts inside and outside the
engine are particularly prone to rusting so be sure to maintain the engine as follows.

@ Drain the coolant completely, pour in clean fresh water (soft water), run the engine until the internal
coolant circuit is cleaned out sufficiently, then drain the coolant again. After doing so, add the speci-
fied coolant (mixed with 45% antifreeze).

@ Run the engine until the coolant reaches the normal operating temperature of 79 - 94 °C, then stop
the engine.

@ Either turn and remove the drain plug on the oil pan or turn the drain pump to drain the lubricant, then
replace the oil filter cartridge with a new one and add fresh oil up to the upper limit line. When drain-
ing oil, run the engine for around 10 - 15 minutes until it is hot, then stop it and drain the oil immedi-
ately in order to discharge the foreign matter sitting on the bottom of the oil pan.

@ After tightening the fuel tank valve or plug completely, disassemble the fuel filter and oil-water sep-
arator and clean them or replace the element, then tighten them so that there are no leaks.

@ Run the engine for approx. 5 minutes until clean fuel has been circulated sufficiently in the fuel line.

@ Disassemble and thoroughly clean the air filter. If it is severely contaminated, replace the element
with a new one.

@ Drain the oil in the reduction gear completely, disassemble and clean the strainer inside the reduc-
tion gear, then add the specified oil (SAE #30, API grade CC or higher).

@ Idle the engine for approx. 10 minutes while switching between neutral/ forward, neutral/ reverse to
enable clean oil to be distributed throughout the inside of the engine.

@ Place the engine's throttle lever in the "ldle" position and shut off the power (neutral or OFF) to the
reduction gear and FPTO, etc.

@ Drain the coolant completely and keep the drain plug removed.

@ Close the valve on the saltwater pipe firmly. If the weather is exceptionally cold, open the drain plugs
on the heat exchanger, air cooler (intercooler), reduction gear oil cooler, etc. to drain the saltwater
completely, then leave the plugs removed on the engine components open. Also, be sure to remove
the rubber impeller in the saltwater pump and store it in a shaded place.
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@ Disconnect the negative (-) battery cable first, then disconnect all the rest of the cables. After wiping
the battery and cables clean, add distilled water to the battery. (If required)

@ Clean each part thoroughly, apply grease to parts with a risk of rusting (moving parts, etc.), and
spread wax on painted surfaces.

@ Loosen the belts so that no force is applied to the bearings and insert thick pieces of cardboard
between the grooves in pulleys with belts attached.

@ Turn on the starter motor at least once a week to run the engine, enabling parts in contact with one
another (pistons, rings and bearings, etc.) to change positions.

@ Engines in storage must be inspected periodically. If there are signs of rust or corrosion occurring,
remove the rust and apply grease.

@ Check the overall state of safety of the ship thoroughly.

4.9. Measures to Take if the Engine is Submerged in Water

If the engine is submerged in water, remove the water from the engine as quickly as possible and con-
tact a local HD Hyundai Infracore engine dealership to have the engine serviced.

Service technicians disassemble the engine to remove the salt from all components and reapply lubri-
cant to all internal parts immediately.

Also, all electrical components are dried and damage due to corrosion from saltwater is inspected.
Such measures must be taken as quickly as possible. Delays may cause critical damage to the engine.
In particular, check whether there is salt or excessive moisture in the engine's fuel line system and
install an automatic bilge pump to keep the depth of the water accumulated on the floor of the ship with
the engine installed below the flywheel housing.
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5. Main Components

5.1. Reduction Gear

For details about maintenance and handling techniques, refer to the reduction gear booklet provided
separately.

5.1.1. Structure and operating principles

The reduction gear is use in high-speed engines and is composed for four main parts: an input shaft,
gear shaft, output shaft and housing. The clutch for forward and reverse drive is a hydraulic, wet, multi-
plate type. The structure and power transmission process are as follows.

11

EFM6006I

<Power line>
Neutral : 1-2-5-4-8
Forward:1-2-5-3-7-10
Reverse:1-2-5-4-8-9-6-7-10

1. Rubber block 6. Reverse pinion

2. Spider 7. Output shaft

3. Forward pinion 8. Reverse drive gear
4. Reverse drive gear 9. Gear shaft

5.  Input shaft 10. Propeller shaft

. Characteristics

The reduction gear is composed of a forward shaft, reverse shaft, output shaft and valve body.

The valve body installed on the exterior is a device which controls the forward, neutral and reverse
modes. It can also be adjusted remotely.

The oil delivered to the oil pump is supplied to the clutch assembly and the lubricated parts of the each
gear and bearing. When installing the reduction gear, take care to ensure that the power transmission
shaft is aligned precisely in a straight line with the engine driveshaft.
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5.1.3. Operation

1)

2)

4)

Before operation
@ Check the tightness of bolts and nuts in all components.
@ Check the oil level with the oil dipstick.
(Before checking the oil level, idle the engine for several minutes and then stop the engine.)

@ Place the reduction gear control lever in the neutral position before starting the engine.

Starting
@ Idle the engine for 10 minutes.
@ Check for leaks, abnormal sounds, temperature, etc. while idling the engine.

@ Increase the engine rpm and check whether the clutch pressure is normal.

Driving and stopping
@ Check whether the specified pressure is obtained while the clutch is engaged.
The pressure drops slightly at a low engine rpm but it does not affect the engine operation.
(Specified pressure : Refer to the attached drawing)
@® When changing the gear to forward to reverse mode, idle the engine first before changing it.
@® When the engine is running, the oil temperature must be maintained at 60 - 90°C.

@ To stop the engine, place the control lever in the neutral position and then stop it.

Emergency bolt

The emergency bolt is used as an emergency measure when the clutch slips while at sea and
power is not transmitted to the propeller. Tightening the emergency bolt located on the forward
clutch delivers power mechanically but only for driving forward. When using the emergency bolt,
loosen the cover bolt first and disassemble the control block. Then, use a 5 mm L-wrench to tighten
the 8 mm wrench bolt on top of the disk pack.

Next, reassemble the control block in the reverse order.

When the engine is started after tightening the bolt is complete, the propeller runs immediately and
the ship moves forward.

At this time, take care to drive at less than half the usual speed.

Snap ring | ~ Steel plate
= nonnannnn | Sintered plate

| Emergency bolt

|+ Piston
Rear plate’ — | - o I

== ‘

EA70601
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5.2. Front of Engine Power Takeoff (F.P.T.O.)

All auxiliary devices connected to and driven directly by the engine's crank pulley affect mostly warpage
and vibrations in the engine. Excessive warpage and vibrations not only cause noise, gear malfunction

and premature wear of the main bearing, but can even cause damage to the crankshaft in severe cases.
Take care not to exceed the maximum usable limit for the front power takeoff recommended for each of
the following models. These are the maximum values for power which can be transmitted by each clutch.

5.2.1. Maximum capacity of front power takeoff

In order to use the front power takeoff prop-

erly, install an elastic coupling on the front of Elastic coupling V-pulley
the crank pulley as shown in the picture, con- Drive shaft
necting the engine with the PTO pulley (V-pul- Engine /

ley) and driveshaft. Then, install two bearing L -=.
blocks able to firmly support the PTO pulley ]

and driveshaft on the front and back.

HD Hyundai Infracore recommends installing
the front power takeoff (FPTO) in this way in
order to prevent engine warpage and vibra-
tions.

When using the FPTO to install the
driveshaft of attachments, the deviation of
the shaft from the central axis and the gap
between the contact surface must each be
less than 0.02 mm.

Engine model

Rotational torque

4L126TIM

99 kg'm

4L126TIL

104 kg'm

Support
(bearing block)
EA407001

Crank pulley

5.2.2. Maximum allowable open power takeoff in open state

In the event that a support bearing is not used
on the front of the PTO pulley as shown in the
picture, the usable capacity varies signifi-
cantly depending on how far the PTO pulley is
from the tip of the crank pulley. When obtain-
ing power in this way, it is easy for engine
parts to be damaged (cracks in the crank pul-
ley and bolt, premature wear of the main bear-
ing, broken clutch, etc.) depending on the size
of the load. Hence, it is safer to install a sup-
port bearing on the front whenever possible.
If auxiliary power is used as shown in the
picture, make sure the distance (L) from the
tip of the crank pulley to the center line of the
groove in the V-pulley is less than 60 mm
for the sake of safety.

Engine model Rotational torque

4L126TIM 62 kgm

4L126TIL

65 kg'm

Crank pulley
V-pulley (PTO)

Max. diameter
170 mm (6.7 in)

. L
EA407002
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5.3. Propeller

In order to obtain the maximum speed from

the marine engine installed in the ship, the £ 100%T <@>’: -—®
propeller must be set to provide optimum per- | igﬁ

formance and efficiency under optimal condi- 70%

tions. In order to obtain the maximum usable :gi

horsepower (A), the engine rpm must be o

within the full-load range (B) indicated in the 30%

picture at the speed of the continuous rated

power. EA407003 T e

Refer to the engine performance curve in the
"Engine Specifications" section included ear-
lier in this manual.

CAUTION
Choosing an unsuitable propeller causes damage to the engine. If the engine's continuous rated rpm
exceeds the specified speed range while the hull is full, take the following measures.

@ If the engine speed (rpm) fails to reach the specified "full-speed operating range" (section C), run the
engine with a reduced propeller pitch.

@ If the engine speed (rpm) exceeds the specified "full-speed operating range" (section D), enlarge the
propeller pitch to run the engine.
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5.4. Electrical System

5.4.1. Generator

24V x80A

v

“-A-
.9
)

EDX1218014
The generator is equipped with a silicon rec-
tifier. The voltage control regulator installed To battery (+)
in the body of the generator consistently *
i ingi 0.5 MFD L
adjusts the voltage generated inside and I
supplies it to the battery. ﬂﬁi
In order to prevent damage to the rectifier Relay
terminal
and regulator, the generator must be oper- D
ated with the regular and battery connected. ‘%
The generator does not require mainte- AKX A g g *’i-ear':r‘]?nal
nance. However, a protective generator s s
cover must be installed to prevent contami-
EDX1218015

nation due to dust, moisture or salt in order
to prevent damage to the internal circuit.

Cautions for usage

@® Keep in mind that the battery voltage drops when not used for an extended period of time.

@ Starting is occasionally difficult during winter. At such times, do not force the engine to start.
Restart the engine at intervals of approx. 30 seconds.

@ Before turning on the gauge panel, check the battery terminals once more.
(Note : The red end is the positive "+" terminal and the black end is the negative "-" terminal. )

@® When disassembling the gauge panel, there is a risk of electric shock. Hence, always disconnect
the connectors on the back before working on the gauge panel.

@ Using tinfoil as a fuse connection may damage components due to excess current. Hence, when a
fuse is blown, resolve the cause of the problem and then replace it with a new fuse.

@ The battery is sensitive to heat expansion so it must not be left in a hot place.

@ Always remove the key when the engine is stopped. By doing so, fires or safety accidents due to
malfunctions can be prevented.

@® When disposing of the battery, be sure to observe the following rules.
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CAUTION
A Do not dispose of the battery anywhere with flames around. Discard it in a designated place.
Do not dispose of the battery in a place which could pollute the environment, such as streams, rivers
and mountains.
Seal the battery and dispose of it as far away as possible so that it cannot be reused.

@ HD Hyundai Infracore is not responsible for problems arising as a result of the user arbitrarily dis-
assembling parts or problems arising due to changes made to the structure of the product without
prior consent from HD Hyundai Infracore.

5.4.2. Starter motor

24V x 7.0 kW

Battery terminal

Switch terminal

B ~ M5x0.8P

Ground
terminal

M12 x 1.75

EDX1218016

The starter motor is installed on the back left
side of the flywheel. When servicing the Magnetic switch  Battery terminal Motor
engine, soak the starter motor pinion and
ring gear in fuel and clean them thoroughly
with a brush. Then, apply grease to them to
prevent rust.

When cleaning the starter motor, take partic-
ular care to ensure that moisture does not
enter the wiring and cause a short circuit.

CAUTION
The starter motor should always be , , , .

. Switch terminal Solenoid Ground terminal
protected from moisture. EDX1218017

WARNING

Before working on the electrical systems,
disconnect the negative ("-") battery
cable.

To prevent a short circuit while working,
reconnect the cable after the work is
complete.

B>
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6. Engine Service

6.1. Disassembly

6.1.1. Preparation

@ Always work in a well-lit and clean envi-
ronment.

@ Before disassembly, prepare a shelf for
the various tools and disassembled
parts.

@ Store disassembled parts in their disas-
sembled order and be careful not to dam-
age them.

6.1.2. Engine coolant

@ Prepare a container, remove the coolant
drain plug on the engine block and drain

the coolant into the container.

R
R\

6.1.3. Engine oil drain pump

@ Prepare a container, run the oil drain
pump and drain the engine and reduction
gear oil into the container.

@ Disconnect the rubber hose connected to
the oil pan and reduction gear.

@ Remove the oil drain pump mounting bolt
and remove the oil drain pump.

6.1.4. Belt

@ Rotate the auto tensioner clockwise to
loosen the belt, then remove the rubber
belt.

L\ T 17/ EDx12230146
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6.1.5. Generator

@ Loosen the generator mounting bolt, then
remove the protective cover and genera-
tor.

6.1.6. Engine stop solenoid
@ Disconnect the cable connected to the
solenoid and fuel stop lever.

@ Disassemble the engine stop solenoid.

6.1.7. Fuel filter
@ Disconnect the fuel pipe connected to the
fuel injection pump and loosen the filter
mounting bolt, then remove the fuel filter.

6.1.8. Breather

@ Loosen the breather hose mounting
clamp on top of the cylinder head cover
and remove the rubber hose.

7
7

Q

o

7]

4
—

o~

EDX12230174
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6.1.9. Air filter
@ Detach the filter element.

@ Loosen the clamp and remove the air fil-
ter.

6.1.10. Intercooler
@ Detach the coolant pipe from the inter-
cooler.
@® Remove the air pipe from the turbo-
charger.

@® Disassemble the intercooler.

6.1.11. Turbocharger

@ Loosen the clamp on the rubber hose
connected to the turbocharger inlet
and remove the intake pipe.

@ Loosen the nut on the exhaust outlet
pipe installed on the turbocharger and
disassemble the exhaust pipe.

@ Disconnect the oil supply pipe and
return pipe on the turbocharger, then
loosen the turbocharger mounting nut
and disassemble the turbocharger.

6.1.12. Reservoir tank
@ Disconnect the pipe connected to the
reservoir tank.
@ Loosen the reservoir tank bracket
mounting bolt and remove the reser-
voir tank.

49
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6.1.13. Injection Pipe

@® Remove the nuts on the injection pipes

for cylinders 1 to 6 (high-pressure fuel ar— o=

connector & injection pump). N

CAUTION: m OﬂQ/ L
There may be residual fuel pressure ITA 7\

inside the injection pipes, so beware of [N "’;g

fuel spray when removing nuts.

@ After removing the injection pipe ' el e - li%e 0 -
mounting bracket bolts (2ea) from the E}ﬂ oy i Rles- B Epxi218027

<
D e ][
I
H
|

oil cooler side for cylinders 4 to 6, dis-
connect injection pipes 4 to 6 from the
engine.

@ After removing the injection pipe
mounting bracket bolt (1ea) from the
oil cooler side for cylinders 1 to 3, dis-
connect injection pipes 1 to 3 from the
engine.

CAUTION:
Injection pipes cannot be reused since

they provide sealing for high-pressure fuel
lines.

to disconnect the fuel return pipe.

@ Remove the hollow screws (1) in order 7~ \; c -
" E t I~ ‘ \ 7 | U

(Only for double pipes)

~ EDX1218082

6.1.14. Intake manifold

@ Disconnect the air hose connected to
the fuel injection pump.

@ Loosen the intake manifold mounting
bolt and remove the intake manifold.

2

EDX12230154
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6.1.15. Thermostat

@ Disconnect the hose and bypass pipe
connected to the coolant pump.

Loosen the thermostat mounting bolts aﬁ‘ur;,f J
connected to the exhaust manifold and | uﬁm}k

I

heat exchanger, then remove the
housing.

@® Remove the thermostat.

6.1.16. Heat exchanger

@ Loosen the rubber hose mounting
clamps connected to both sides of the
heat exchanger, then disconnect the
rubber hose.

@ After removing the exhaust manifold,
loosen the heat exchanger mounting
bolts connected to it and remove the
heat exchanger.

6.1.17. Exhaust manifold

@ Loosen the exhaust manifold mounting
bolts, disconnect the heat exchanger
and exhaust manifold assembly, then
remove the heat exchanger and gas-
ket.

CAUTION
The exhaust manifold assembly is very

heavy so be careful during disassembly.

6.1.18. Starter motor

@ Loosen the starter motor mounting
bolts, then remove the starter motor.

EDX12230191
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6.1.19. Saltwater pump

@ Loosen the rubber hose mounting
clamp connected to the saltwater
pump, then remove the rubber hose.

@ Loosen the mounting bolts on the PTO
housing integrated with the saltwater
pump, then remove the saltwater
pump assembly.

6.1.20. Coolant pump
@® Remove the coolant pipe connected to
the oil cooler.
@ Disconnect the coolant pipe and hose
connected to the heat exchanger.
@ Unscrew the coolant pump mounting
bolts and remove the coolant pump.

6.1.21. Injection pump

@ Disconnect the oil feed pipe and return
pipe connected to the fuel injection
pump.

@ Loosen the bolt fastening the flange on
the driving end of the pump and
remove the injection pump mounting
bolts, then remove the injection pump.

EDX12230157
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Note

A Turn the crankshaft to align cylinder no.1
with the 'OT' position, then remove the
injection pump.

*How to check the 'OT' position

@® Remove the plug screw from the part
of the timing gear case shown in the
picture.

@ Check the hole from which the screw

was removed and turn the crankshaft
to check the engraving on the gear.

@ The place where the engraving on the
idler gear and injection pump gear

align as shown in the picture is the
engine 'OT' position. EDX12230158

@ Loosen the pump mounting bracket
bolts to remove the bracket from the
cylinder block.

6.1.22. Oil filter

@ Use a filter removal wrench to remove

the cartridge.

@ Disconnect the pipe connected to the
oil cooler.

@ Loosen the oil filter mounting bolts and
remove the oil filter housing from the
cylinder block.
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6.1.23. Water chamber

@® Remove the 10 bolts installed on the
water chamber, then remove the water
chamber.

6.1.24. Vibration damper

@® Unscrew the pulley mounting bolts and
remove the vibration damper assem-
bly.

@ Unscrew the vibration damper mount-
ing bolts and remove the vibration
damper from the pulley.

6.1.25. Timing gear case cover
@ Use an oil seal removal jig to remove
@ the oil seal.
@® Unscrew the cover mounting bolts and
remove the cover from the timing gear
case.

6.1.26. Idler gear
@ Loosen the idler gear mounting bolts
and remove the idler gear pin and
gear.
@ Use a rubber hammer to remove the
idler pin without damaging it.

S\ 4
P T NS
N
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6.1.27. Cylinder head cover

@® Unscrew the cover mounting bolts and
remove the cover.

6.1.28. Rocker arm assembly
@ Unscrew the rocker arm bracket bolts
and remove the rocker arm assembly.
@® Remove the calipers after removing
the rocker arm assembly.

@® Remove the pushrods.

6.1.29. Injector
@ The O-rings on the injector (c) and
high-pressure fuel connector (e) are
always assembled; they do not require
any extra assembly.

3 — e/

(SNl
PN, D {2 (V) (VAN
fe) " EDX1217032

plop s/
1 | EDX1217033

EDX1218148
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@ Disconnect the in/out fuel hoses from the
fuel tank and drain (g) the return fuel in the
cylinder head.

CAUTION:
Removing the injectors & high-pressure

fuel connectors (HPC) without draining
the return fuel in the cylinder head can
cause return fuel to enter the combustion
chamber, thereby producing white smoke

or damaging the pistons.

@ After removing the injection pipe,
loosen the fixture bolt (a) and remove
the fixture (b).

@ Slightly loosen the high-pressure fuel
connector nut (f) and reduce the tight-
ening torque; then, loosen it by five
turns.

@ After tightening an M14x1.5P nut onto
the injection pipe joint on the high- Yl EDX1218151

pressure fuel connector (e), use a
spanner to unscrew it partially so that
the high-pressure fuel connector O-
ring detaches from the sealing surface
of the cylinder head.

@ Completely loosen the high-pressure
fuel connector nut (f) and remove the
high-pressure fuel connector from the
cylinder head.

CAUTION:
Use a special tool (refer to the list of

special tools) for assembling/removing

injectors to remove the injector from the

cylinder head.

@ Check whether the injector sealing
washer (d) is still on the hole in the cyl-
inder head; if it is, use tweezers or a
suitable tool to remove it.

CAUTION:
Only remove an injector after the high-

pressure fuel connector (HPC) has been
removed completely.
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6.1.30. Cylinder head
@ Unscrew the cylinder head mounting
bolts and remove the cylinder head.

@® Remove the cylinder head gasket.

6.1.31. Valve and valve steam seal
@ Apply pressure to the valve spring
@ retainers with a jig to remove the valve
cotter pins.
@® Remove the valve springs and retain-
ers.
@® Remove the valves.
@ Use regular tools for removal. Dispose
of the valve stem seals so that they
cannot be reused.

6.1.32. Oil cooler

@® Remove the coolant pipe connected to
the fresh water pump.

@ Unscrew the oil cooler cover mounting
bolts and remove the oil cooler assem-
bly from the cylinder block.

@ Unscrew the oil cooler mounting bolts
and remove the oil cooler from the
cover.

6.1.33. Oil pan
@ Position the engine so that the fly-
wheel faces the ground.
@ Unscrew the oil pan mounting bolts to
remove the oil pan and gasket.

EDX1217035
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6.1.34. Oil pump oil pipe

@ Loosen the oil suction pipe mounting
bracket and support bolts to remove
the oil suction pipe assembly.

@ Disconnect the oil pipe which supplies
oil from the oil pump to the cylinder
block.

@® Unscrew the oil pump mounting bolts
and remove the oil pump.

6.1.35. Relief valve

@® Remove the relief valve installed on
the bottom of the cylinder block.

L H’/?/yEDX1 2230125

6.1.36. Pistons and connecting rods

@ Turn the crankshaft and remove the
pistons two at a time.

@ Unscrew the connecting rod bolts to
remove the bearing caps, then disas-
semble the pistons and connecting
rods in the direction of the pistons as
shown in the picture.

@® Remove the piston pin snap rings to
remove the piston pins, then remove

the connecting rods and pistons.

EDX1217040
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@ Use ring pliers to remove the piston
@ rings.
@ Be careful not to mix up disassembled
parts. Store the parts for each cylinder

in order.

6.1.37. Cylinder liner
@ Using a wooden or plastic rod, push
up on the bottom of the cylinder liner
underneath the engine to lift it slightly
and remove the cylinder liner.

6.1.38. Flywheel
@ Position the engine so that the head
assembly surface on the cylinder block
faces downwards.
@ Install the flywheel removal stud bolts
in the bolt holes drilled into the fly-
wheel and remove the flywheel.

6.1.39. Oil seal

@ Use an oil seal removal jig to remove
the rear oil seal.

EDX1217041

EAMDO040I

EDX12230161
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6.1.40. Flywheel housing

@® Unscrew the housing mounting bolts
and remove the flywheel housing.

6.1.41. Camshaft idler gear and cam gear
@® Unscrew the idler gear mounting bolts
and remove the idler gear pin.
@® Remove the camshaft gear mounting
bolts to remove the camshaft gear.

6.1.42. Camshaft and tappet
@® Remove the camshaft gear.

@® Remove the camshaft gear thrust
washer.

@ Remove the camshaft while taking
care not to damage it.

@ Push the tappet out by hand.

6.1.43. Crankshaft gear and oil pump idler gear
@ Unscrew the bolt and remove the oil
pump idler gear.
@ Use a puller to remove the crankshaft
@ gear.

e EDX12230163

Injection pump gear

Stem idler (A
front

Stem idler (B), rear

EDX1218048
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6.1.44. Timing gear case

@® Unscrew the case mounting bolts and
remove the timing gear case.

@ Tap the rear left and right sides on the
contact surface of the timing gear case
with a urethane hammer gently to
remove the timing gear case.

6.1.45. Crankshaft
@® Unscrew the main bearing cap mount-
ing bolts to remove the bearing caps.
@ Lift the crankshaft to remove it.

@® Remove the main bearings.

6.1.46. Oil injection nozzles
@ Unscrew the oil spray nozzle mounting
bolts on the inside of the cylinder block
to remove the oil injection nozzles.
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6.2. Checking the Main Components

6.2.1. Cylinder block

6 1) Clean the cylinder block thoroughly and check for any cracks or damage.
Z.. 2) If it is severely cracked or damaged, replace it with a new one. Correct any minor damage.

3) Check the oil and coolant passages for clogging or corrosion.

Perform a test for cracks or gas leaks.

Hydrostatic test : Plug the various outlets (coolant and oil passages, etc.) in the cylinder block and

apply approx. 4 kg/cmz? of air pressure to the inlet. Then, submerge it in water for
approx. one minute and check for air leaks. (Water temperature : 70°C)

6.2.2.Cylinder head

head.

2:6\ 1) Checking for cracks or damage

@ Using a non-metallic tool, remove any carbon residue from the bottom surface of the cylinder

Be careful not to scratch the valve seat surface while doing so.

@ Perform a hydrostatic test or magnetic particle test to check for small cracks or damage that
cannot be identified with the naked eye.

surface

@' 2) Checking the warpage of the bottom

@ Use a straightedge and feeler gauge
to measure the warpage of the head
in six directions as shown in the pic-

ture on the right.

@ If the measured value exceeds the
standard value, use fine grinding
paper or a fine surface grinder to

correct it.

@ If the measured value exceeds the
maximum allowable limit, replace

the cylinder head.

<Deflection and thickness of the bottom

of the cylinder head>

- —©

®
®

EA3M2031

(mm)
Standard Limit
Deflection 0.2 or less 0.3

Thickness : t 154.7 ~

153.9
(Standard) 155.3

EDX1217131
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3)

Flatness

Measure the flatness of the intake/
exhaust manifold mounting surface on
the cylinder head with a straightedge
and feeler gauge.

<Measuring the deflection and thick-
ness of the bottom of the cylinder head>

Standard Limit
0.05 mm 0.2 mm
Hydrostatic test

Perform the hydrostatic test for the cyl-
inder head in the same way as the test
for the cylinder block.

6.2.3. Valve and valve guide

i

1)

Replacing valves

After cleaning the valve with diesel fuel,
measure the outer diameter of the valve
stem at the top, middle and bottom as
shown in the picture to check for wear.
Repair slightly damaged parts. Replace
valves whose wear exceeds the limit.

<Valve stem O.D.>

(mm)
Dimensions L.
~ Standard Limit
Descriptio
@7.963 -
Intake valve stem 07.943
@7.977
Exhaust valve @7.950 -
07.920
stem @7.964

@ Valve seat contact surface
Check for scratches or wear on the
valve seat contact surface and pol-
ish the contact surface with sandpa-
per if necessary. Replace if severely
damaged.

Stem end

L

!
I

EFM2036I
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@ Valve head thickness
@I Measure the thickness of the valve
head and replace the valve if the

measured value exceeds the limit.
(mm)

Dimensions
Descripti

Intake valve 3.3-3.7 2.8

Exhaust valve 40-44 3.5

Standard Limit A

EE10MO066

2) Valve guide

@ |Install the valve and valve guide and
measure the clearance between the
valve and valve guide resulting from
valve movement. If the clearance is
too great, measure the valve and
replace either the valve or valve
guide (whichever part is more
severely worn).

jKi

f Measuring
position

@ <Valve stem end play>

(mm) EAOM4052

Standard Limit
Intake valve | 0.023 - 0.052 0.10
Exhaust valve | 0.036 - 0.065 0.15

— @ Assemble the valve with the cylinder
L‘ head valve guide and use a special
tool to measure whether the central
line of the valve guide and valve seat
is aligned.

3) Valve seat

@ Check the valve seat for wear or
@ damage and replace if necessary.
@ Assemble the valve with the cylinder Valve
head valve seat and use a measur-
ing instrument on the bottom surface Valve seat
of the cylinder head to measure the

projection of the valve. A
Replace the valve seat if the mea-

sured value exceeds the limit. é

EE10MO068

<Valve protrusion>

(mm)

Standard
Intake valve (A) 0.66 - 0.96
Exhaust valve (A) 0.60 - 0.90
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<Valve angle>
Standard Valve
Intake valve (B) 60°
Exhaust valve (B) 45°
Valve seat
@® When removing the valve seat, weld
beads onto the seat inserted into the ‘ A
head and use a special tool to <
: B
remove it. EE10MO068

@ Cool and contract the valve seat in
dry ice for around one hour. Then,
use a special tool to insert it into the
cylinder head. (The bore of the inner
diameter requires drilling when
replacing the valve seat)

% A? Valve seat

Cylinder head

@ Spread an abrasive on the valve
head contact surface of the valve
seat and rotate the valve to polish it
until it fits in place. Then, wipe off
any abrasive remaining on the valve
and head surface with oil.

Welding bead

EA3M2032

Note :

A When the valve seat has been prepared,
use diesel fuel or an equivalent product to
clean the valve and cylinder head and
check for any abrasive remaining.

4) Valve Spring

= @ Check the exterior for any scratches
29 on the valve spring and replace the
spring if necessary.
@® Measure the free length and tension
of the valve spring.

[E)

(mm)
Free length
Intake Inside -
valve Outside 62.5
- EJM2049I
Exhaust Inside -
valve Outside 62.5

@® Measure the squareness of the
valve spring.

@® Compare the measured value with
the standard value.

-87 -

6. Engine Service




o]

Valve spring squareness

Use a surface plate and square to
measure the squareness of the
valve spring.

If the measurement exceeds the
allowable limit, replace the valve

spring.

(mm)
Standard | Limit
Inside - -
Intake
Out-
valve i 1.6 2.0
side
Inside - -
Exhaust
Out-
valve ) 1.6 2.0
side

Measure the squareness of the
valve spring.

Compare the measured value with
the standard value.

<Valve spring tension>

Set Spring
length force
(P1/P2) | (P1/P2)

Limit
(P1/P2)

%g g 44.0 mm/ | 39.4 kg/ | +2.0 kg/

£ S|2|31.6mm | 658kg | +2.5kg

% o |8 |44.0mm/| 39.4kg/ | £2.0kg/
= | N

E g g 31.6mm | 658kg | +2.5kg

6.2.4. Rocker arm shaft assembly

i

1) Rocker arm shaft

Rocker arm shaft runout

Place the rocker arm shaft on two V-
blocks and use a dial gauge to check
whether the shaft is bent.

If the runout value is small, apply
pressure to the shaft with a bench
press to correct the runout. Replace
the shaft if the measured value
exceeds the limit.

(mm)

Limit 0.2 |

Free length

~=— [nclination

Square

EJM2050I

M Spring tester

EAOM4056

EDM2037I
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Rocker arm shaft diameter

Use an outside micrometer to mea-
sure the diameter of the rocker arm
shaft at the place where the rocker
arm is installed.

Replace the rocker arm if the
amount of wear exceeds the speci-
fied limit.

(mm)

Standard Limit

024.953 - 024.976 ©024.916

2) Rocker arm

Visual inspection

Perform a visual inspection for wear
such as scratches or bumps on the
surface of the rocker arm where it
makes contact with the front end of
the valve stem. If the wear is mini-
mal, use fine sandpaper or an oil
stone to correct it. Rocker arms with
severe bumps must be replaced.
Rocker arm bushing diameter

Use an inside micrometer or vernier
caliper to measure the inside diame-
ter of the rocker arm bushing and
compare the measured value with
the diameter of the rocker arm shaft.
If the clearance exceeds the limit,
replace either the bushing or the
shaft (whichever part is more
severely worn).

<Clearance>

Standard Limit

0.015-0.059 0.12

EA8M3002

EAOMA4059
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3) Tappet and pushrod

@ Clearance
Measure the clearance between the
tappet and tappet hole on the cylin-
der block. Replace the tappet if the
value exceeds the specified limit.

(mm)

Standard Limit
0.035-0.077 0.15

@ Inspecting the tappet visually
Inspect the tappet surface in contact
with the cam visually for pitting,
scratches or cracks and replace if
severely damaged. If the cracks or
pitting are minor, use an oil stone or
sandpaper to fix them.

@® Tappet O.D.
Use an outside micrometer to mea-
sure the outside diameter of the tap-
pet. Replace the tappet if the
measured value exceeds the limit.
(mm)

Tappet diame-
ter

219.944 - 19.965

@ Pushrod runout

(mm)

‘ Limit 0.3 or less |

Use a feeler gauge to measure the
pushrod runout.

Roll the pushrod over a smooth sur-
face as shown in the picture.

(O

1) Irregular  (2) Cracked 3) Normal
Abnormal EAOM4070

EDM20611

Feeler gauge

EAOM4073
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6.2.5. Camshaft

]

=

1) Cam

@® Cam journal diameter and lobe
height
(mm)
Standard Limit

Cam journal

. ©59.86 -

diameter ©59.56
©259.88
(A, B)

Cam Intake 50.27 49.97
lobe
height | Exhaust 50.30 50.00

(€)

Use a micrometer to measure the
cam journal diameter. The camshaft
must be replaced if the measured
value is lower than the specified limit.

Cam surface

Use a micrometer to measure the
cam journal diameter. The camshaft
must be replaced if the measured
value is lower than the specified
limit. For minor layered wear or dam-
age, use an oily grindstone or fine
sandpaper to polish the surface. For
severe damage, replace the cam.

2) Camshaft

@® Clearance between the camshaft

journal and camshaft bushing

- Use an outside micrometer to mea-
sure the camshaft journal diameter.

- Use a cylinder bore indicator to
measure the inside diameter of the
cylinder block camshaft bushing.
Then, compare the measured
value with the camshaft O.D. to
check the clearance.

<Clearance>

Standard Limit

0.045 - 0.100 0.2

Replace the bushing if the measured
value exceeds the specified limit.

DV2213132B

Camshaft bearing

EAOM4063
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® Runout
@II Support the camshaft on two V-

blocks and use a dial indicator to

check the runout. If the measured

value indicates that the runout

exceeds the limit and requires main-

tenance, fix or replace the camshaft.

(mm)

Standard

Limit

0.05

0.15

3) Camshaft and free play

@' @ Push the thrust plate towards the
cam gear.

@ Use a feeler gauge to measure the

clearance between the thrust plate

and camshaft journal.
@ If there is excessive end play,
replace the thrust plate.

(mm)

Standard

Limit

0.14-0.25

0.5

6.2.6. Crankshaft

1) Checking the exterior

damage.

= @ Visually inspect the crankshaft jour-
10 |
nal and crankpin for scratches or

@ Perform a magnetic particle test or

liquid penetrant test (color check) to

check for cracks in the crankshaft.

Replace if cracked.

2) Measuring crankshaft wear

@ @ Using a micrometer, measure the
crankshaft journal and pin O.D. in

the direction shown in the picture to

check the amount of wear.

EAOM4066

EAOM4067

7 EAMDO57I
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@ If the wear amount exceeds the limit,
polish the crankshaft and install an
undersized bearing on it. However, if
the wear does not exceed the limit,

use an oil stone or fine sandpaper to Ja

correct the worn part and continue
using it.

(Make sure the fine sandpaper has

been soaked in oil.)

EDX1218072
(mm)
Item Standard Limit
Journal @95.966 -
) J94.966
diameter J95.988
o 85.966 -
Pin diameter 281.966
85.988
< Undersized bearings >
@ Standard (STD)
® 0.25 (1.D. 0.25 mm smaller than standard)
® 0.50 (I.D. 0.50 mm smaller than standard)
Undersized bearings come in the two types above.
The crankshaft can be polished to the sizes above and reused.
CAUTION —
When polishing the crankshaft, the 'R "R"
sections in the corners of the bearing —\ ' ’
J—
must be polished precisely. Be sure to - N
g
completely remove any bumps or rough L
spots.
"R "R "R
@® Standard "R" value e /\_,‘/ e
2 2
@ Crankpin "R" : 4.5 Correct Incorrect Incorrect
EFM2048|

2 Crankshaft journal "R" : 4

3) Crankshaft deflection
@ @ Place the crankshaft on two V-

blocks.

@ Set a dial gauge on the surface plate
and roll the crankshaft to measure
its deflection.

No Standard Limit
4 0.1 mm 0.15 mm
3,5 0.08 mm 0.12 mm
2,6 0.05mm | 0.07 mm EDX1217078
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6.2.7. Crankshaft bearings and connecting rod bearings

1) Inspecting the exterior
N Check the crankshaft bearings and con-
Z_,‘ necting rod bearings visually for uneven
wear, scratches or damage.

2) Oil clearance between crankshaft and
main bearing

@® Main bearing clearance
@\ Install the main bearing on the cylin-
der block, tighten the bearing cap to
the specified torque, and measure

@ the inside diameter.
‘ Torque 30 kg'm

Standard
diameter

J96.06 - @96.108 mm

Compare the measured inside diameter

of the main bearing with the outside EAOM4019

diameter of the crankshaft journal to cal-
culate the oil clearance between them.

< Main bearing oil clearance >

Standard Limit
0.072 - 0.142 mm 0.200 mm

@ Connecting rod bearing clearance
Q\ Install the connecting rod bearing on

the connecting rod bearing cap,
tighten the bolt to the specified tight-
ening torque, and measure the

|

|

@ inside diameter. ‘
‘ Torque 8 kg'm + 60° ,,J,,,

Standard
diameter

J86.036 - J86.084 mm qdj}

EDX1218073

Compare the measured inside diame-

ter of the connecting rod bearing with
the outside diameter of the crankpin to
calculate the oil clearance between
the two parts.

<Connecting rod bearing oil clearance>

Standard Limit
0.048 - 0.118 mm 0.180 mm

@ If this clearance is not within the
A specified limit, polish the crankshaft
journal and pin. Select and use an
undersized bearing suited to the size
of the polished crankshaft.

DX1218074

6. Engine Service -74 -



3) Bearing spread and crush
@ Checking the exterior
When reassembling the bearing,
check whether it needs to be
pressed in firmly by hand (i.e.
whether it is sufficiently flexible).

@ Crankshaft bearing crush
Install the bearing and cap on the
cylinder head, tighten them to the
specified torque, and unscrew the
bolt on one side completely. Then,
use a feeler gauge to measure the
clearance between the cylinder
block and bearing as shown in the
picture.

EDM2046S

Q )
W
Widened= @ A — @ B

EDM2047I

‘ Standard 0.16 - 0.24 mm

EA6MO63I

@ Connecting rod bearing crush
Install the bearing and cap on the
connecting rod, tighten the bolts to
the specified torque, and unscrew
one of the bolts completely. Then,
use a feeler gauge to measure the
clearance between the bearing cap
and connecting rod big end as
shown in the picture.

Standard 0.17 - 0.25 mm

EDX1218075
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4) Crankshaft end play
@ |Install the crankshaft in the cylinder

block.

@ Use a dial gauge to measure the
crankshaft end play.

‘ Standard

0.1-0.3mm

6.2.8. Pistons

)

]

1) Inspecting the exterior
Visually inspect the pistons for wear,
cracks or scratches, checking the piston
ring grooves with particular care.

2) Clearance between the piston and

cylinder liner

@ Use an outside micrometer at a right
angle to the piston pin hole to mea-
sure the piston outside diameter in
the places where the distance from
the bottom part of the piston skirt is

D1, D2 and DS.
Point Standard diameter
D1 (25 mm) ©?122.870 +£0.007 mm
D2 (78.5 mm) ?122.696 +£0.009 mm
D3 (122 mm) ?120.555 £0.015 mm

@ Use a cylinder bore gauge to mea-
sure the inside diameter of the cylin-
der liner. Measure three places at
45 intervals: the top ring contact
surface of the cylinder, the middle,
and the bottom of the oil ring contact
surface. Without the maximum and
minimum values, calculate the aver-

age value with the remaining values.

Standard

Limit

@123 - @123.025 mm | ©@123.223 mm

@ Subtract the piston outside diameter
from the cylinder liner inside diame-
ter to calculate the clearance. If this
value exceeds the limit, replace
either the piston or the cylinder liner
(whichever is more worn).

<Clearance between the piston and liner>

‘ Standard

‘ 0.123 - 0.162 mm

D3

LT

LU

D2

D1

EDX1218089

EAMDO067I
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6.2.9. Piston ring

o

=

]

=

1) Inspecting the exterior
If the piston ring is worn or damaged
when disassembling the engine,
replace it with a new one.

2) Piston ring clearance

@ Insert the piston ring into the top of
the cylinder liner so that it is set at a
right angle to the liner wall.

@ Use a feeler gauge to measure the
piston ring clearance.

@ If the clearance exceeds the limit,
replace the piston ring.

Feeler gauge

EAOM4033

(mm)
imensions -
T~ Standard Limit
Descriptio
Top ring 0.3-0.45 0.7
Second ring 1.0-1.2 1.45
Oil ring 0.3-0.45 0.7

3) Piston ring groove clearance

@ Install the compression ring and oil
ring in the ring groove of the piston.

@ Use a feeler gauge to measure the
clearance between each ring and
the width of the groove. If the mea-
sured value exceeds the limit,
replace the ring or piston.

EDX1217050

(mm)
imensions
. Standard Limit
Descriptio
Top ring - -
Second ring @0.07 - @0.105 | @0.125
QOil ring @0.05 - @0.09 | @0.11

4) Piston ring tension
@ Use a tension tester to measure the
tension of the piston ring. If the value
exceeds the limit, replace the piston

ring.
ltem Standard
Top ring 2.4 -3.5kg
Second ring 2.0-29kg
Oil ring 6.3-7.7kg
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6.2.10. Piston pins
1) Wear

@' Check the wear on the piston pins in the
places shown in the picture. If this mea-

sured value exceeds the usable limit

(0.005 mm or higher), replace the pin.

Standard Limit
248.995 - 248.990 mm
249.000 mm or less

2) Clearance
@ Measure the clearance between the
piston pin (1) and connecting rod bush-

ing (2). If this value exceeds the usable

limit, replace whichever part is more
worn.

Standard Limit

0.050 ~ 0.080 mm 0.12 mm

3) Inspecting the assembly

z:‘\ The piston is normal if the piston pin

can be inserted into the pin hole after

heating the piston with a piston heater.

When replacing the piston, the piston
pin must also be replaced.

EAOM4031

EDX1218076
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6.2.11. Connecting rods

1)

Distortion

Install the connecting rod on the con-
necting rod tester as shown in the pic-
ture. Then, use a feeler gauge to
measure the distortion.

If the connecting rod is distorted, do not
attempt to correct and reuse it. Be sure
to replace it with a new one.

Hole alignment (parallelism)

Check the parallelism of the piston ring
bushing hole at the small end and the
bearing groove at the big end of the
connecting rod. Install it on a connect-
ing rod tester and measure it with a
feeler gauge as described above.

Standard Limit
0.1875 mm 0.2 mm or less

Wear

@ Install the connecting rod on the
crankshaft and use a feeler gauge to
measure the clearance between the
parts at the big end of the connect-
ing rod.

@ Install the piston ring on the connect-
ing rod and measure the clearance
between the parts at the small end of
the connecting rod.

@ If the measured value exceeds the
limit, replace the connecting rod.

Limit 0.011 mm

EAOM4034
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6.3. Reassembling the Engine

6.3.1. General precautions

@ Clean all disassembled parts thoroughly. In particular, clean the inside of oil and coolant passages
thoroughly using compressed air and check for any foreign matter.

@ Arrange the various special and regular tools for assembly in order of engine assembly.

@ Prepare clean engine oil to be applied to each sliding section.

@ Prepare replacement parts for consumables such as sealant and gaskets.

@ Discard all used gaskets, seal rings and consumables. Replace them with new ones.

@ Tighten the various bolts to the specified tightening torque according to the tightening order. Never
overtighten bolts.

@ After reassembly, check to ensure that all sliding parts are working smoothly.

@ After assembly is completely, be sure to check whether any bolts are loose or insufficiently tight-
ened.

@ After completely assembling the engine, check for any missing or faulty parts.
@ All work must be performed with clean hands.

6.3.2. Cylinder block

@ Lay wooden boards or thick cardboard on the ground so as not to damage the cylinder head
assembly surface. Then, place the cylinder block on them with the head mounting surface facing
the ground.

6.3.3. Oil injection nozzles

6.3.4. Tappets and camshaft

]

@ Use an injection nozzle assembly jig to

@ Cool the new camshaft bushing in dry ice

@ Apply oil to the front of the tappets and

tighten and assemble the oil injection
nozzle flanges with mounting bolts.

for approx. two hours. Then, use a bench
press to press-fit it into the cylinder block.
After press-fitting the bushing, measure
the inside diameter to check for any
deformation.

insert them into the tappet holes on the
cylinder block.
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@ Apply oil to the inside diameter of the
cam bushing and camshaft, then assem-

ble these parts carefully while turning the
camshaft.

2_,6 @® Check whether the camshaft rotates

smoothly.

EDX1217051

6.3.5. Crankshaft

@ Assemble the main bearings, aligning the
- key groove of the cylinder block and the Bearing anti-rotation step
key groove of the bearing with the two Oil passage hole
=l main bearing holes drilled into the cylin- 7
der block. Then, apply oil to the bearing /
surface.
EAO0M4083

@ Before assembling the crankshaft, heat
the crankshaft gear at 120°C for 10 min-
utes. Then, apply an even layer of seal-
ant (Loctite #641) to the inside of the
gear and assemble it.

EDX1217079

@® Temporarily assemble one bolt at a time

on both ends of the crankshaft, raise the

crankshaft, and apply oil to the journal
and pin. Then, assemble it with the cylin-
der block.

v+ EDX1217080
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@ Assemble the oil-coated thrust washers

so that the oil groove in the washers

faces the opposite side of the bearings
as shown in the picture.

@ Assemble the bearings and thrust wash-

ers with the bearing caps, then apply oil.

EAMDO77I

@ Install the bearing caps, aligning the
numbers on the bearing caps with the

numbers engraved on the cylinder block.

@ Apply oil to the front of the bearing cap
' bolts and tighten them to the specified

@\ torque according to the tightening order.

‘ Torque 30 kg'm

@ After temporarily tightening the bolts on
both sides of the bearing caps evenly,

tighten the bearing cap bolts sequentially

in a diagonal line to approx. 15 kg-m
first. Then, tighten them to 25 kg-m, and
finally, tighten each bolt to the specified
tightening torque of 30 kg-m.
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@ Tighten the bearing caps in the order 4-3-
5-2-6-1-7.
=] @ After tightening the bearing cap bolts,
2-9 check whether the crankshaft rotates

smoothly.

6.3.6. Flywheel housing

@ Temporarily install the support rod on the
cylinder block for removing the housing.

@ Install the gasket on the cylinder block.

@ Use the offset pin and support rod to
Q\ attach the flywheel housing. Then,

tighten the diagonal row of mounting
bolts to the specified tightening torque in
order.

EDX12230163

Torque 12 kg'm

6.3.7. Rear oil seal

@ Apply oil to the outer surface of the oil
seal and the inside diameter of the fly-
wheel housing. Then, assemble them

@ with the crankshaft and use an assembly

jig to assemble the oil seal. \

pg

installation ji

EA8M3003
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6.3.8. Flywheel
@ Install a support rod in a crankshaft bolt
E hole, then lift the flywheel to align it with
the offset pin and assemble it temporar-
ily.
@ After assembling a bolt in a bolt hole

without the support rod installed, remove

the support rod and assemble the
remaining bolts in these holes.

@ Use a torque wrench to tighten the bolts
Q\ sequentially to the specified torque in a
diagonal line.

EDX1218052

‘ Torque 18-22 kg'm

6.3.9. Timing gear case
@ Use parallel pins to mount the gasket on
the cylinder block.

@ Align the dowel pins with the dowel pin
holes in the timing gear case and install
the timing gear case.

@ Tighten the bolts to the specified torque.

6.3.10. Timing gear

@ Install the oil pump idler gear in bear-
ing cap no.1.

@\ @ Install the thrust washers on the cam-

shaft, then assemble the cam gears,

aligning them with the camshaft key
groove.

EDX1217081

Camshaft thrust washers 0.9 kg'm

Camshaft gear mounting bolts | 3.1 kg'm
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@ Install the idler gear pin so that the oil
E port on the idler pin faces the cylinder
)
block. oD
Q
@ Assemble the idler gear while aligning .
é:)\ the engravings on the crank gear, cam
gear, fuel injection pump driving gear
and idler gear.
Idler gear pin mountin
gearp 9 6.2 kg'm
bolts EDX1217104
@ Use a feeler gauge to check and
En adjust the amount of backlash Injection pump gear  Stem idler (B), rear
between gears.
(mm)
Measuring location A 9
g Backlash el
(between) B o Camshaft
Crank gear and 0.060 - 0.184 fsr’:;rtn idler (A) Crankshaft
oil pump idler gear ' ' 1N
Oil pump idler gear and i, Oil pump idler
_ 0.020 - 0.292 . .
oil pump gear oY Oil pump drive
Crank gear and EDX1217062
, 0.062 - 0.194
idler gear A
Idler gear B and
0.090 - 0.236
camshaft gear
Idler gear B and
N 0.090 - 0.236
fuel injection pump gear

6.3.11. Timing gear case cover

@ Install the parallel pins on top of the
timing gear case.

@® Mount the gasket while aligning the
mounting bolt holes and gasket holes.

@ After aligning the cover pin holes with
the parallel pins, tap the cover lightly
to install it.

@ Tighten the mounting bolts starting

from the oil pan mounting surface.

| EDX12230197
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6.3.12. Front oil seal

@ Apply oil to the outer surface of the oil
Q\ seal and the inside diameter of the tim-

ing gear case. Insert them into the top
=7

of the crankshaft to assemble them,

then use an oil seal assembly jig to
assemble the oil seal.

6.3.13. Cylinder liner

@ Position the cylinder block so that the
flywheel surface faces downwards.

@ Use compressed air to thoroughly

@ clean the inside of the hole on the cyl-

inder block and the liner flange assem-
bly surface with which the liner will be
assembled.

@ After cleaning and drying the liner,
insert it into the cylinder block by hand.

@ Apply engine oil to the inside surface

=" of the assembled liner.

6.3.14. Pistons and connecting rods

@ Heat the piston in a heater to approx.
100°C for five minutes.

@ Align the oil-coated small end bushing
of the connecting rod with the piston
pin hole, then tap the piston pin lightly
with a rubber hammer to assemble the
connecting rod and piston.

Oil seal fixing jig

EAMDO86I

EAMDO87I

Piston heater

EA3M2058

EAMDO8SI
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@ Assemble the longer part of the connect-

= ing rod big end (the part with the groove
in the bearing key) with the HD Hyundai
Infracore logo engraved on the inside of
the piston so that they face the opposite
directions, taking care not to change the
direction of the piston. As shown in the
picture, the valve seat surface on the
piston head should face the opposite
direction of the longer part of the con-
necting rod. When seen from the top of
the piston, it should face the same direc-
tion as the narrow clearance part of the
combustion chamber.

@ |Install the snap ring, making sure to
check that it has been installed properly.

P~

@
@ @ Use piston ring assembly pliers to

<=

EDX1217054

install the piston ring on the piston.

@® Check the "Y" or "TOP" marking at the
end of the ring to make sure that the
direction of the piston ring is not
switched around.

It must be installed so that the marking
faces upwards.

“Yu or “TOP”

EAMDO090I

ring gap to 90°, then fit the piston into
the piston assembly jig. When doing
so, take care to ensure that the posi-
tions of the piston ring gaps do not
align with the direction of the pins.

@ Assemble the bearing, aligning it with
the connecting rod key groove, then
apply oil to the assembled bearing and
piston.

@ Push the piston in by hand, ensuring
that the valve seat surface faces the
tappet hole. Take care not to damage
the cylinder liner and piston. Lift them
slightly while inserting them in order to
avoid damaging the ring on the raised
part of the liner in particular.

@ @ Adjust the angle between each piston

2" ring gap Top ring gap

\ “/—%{,, 5 QAN ] ?
-\ AEDX1217136

-87- 6. Engine Service



@® Assemble the bearing with the con-
necting rod cap and apply oil to it.
@ Check whether the numbers engraved
A on the connecting rod cap and the side
of the big end are identical. Then,
install the connecting rod cap, aligning
it with the offset pin.

Serial
number

@ After tightening the mounting bolts by
Q\ hand, tighten them each to 15 kg:m
initially and then to 22 kg-m. Finally,
tighten them to the specified torque.

EAOM4092

‘ Torque 28 kg'm

L,‘\ @® Try moving the bearing cap by hand. If

it is immobile, unscrew the mounting

bolts and reassemble them.

6.3.15. Relief valve

@ Assemble the relief valve.

STk A

7 \[7” EDX12230125

6.3.16. Oil pump and oil pipe

Q @ Assemble the offset pin with bearing

cap no.7. Then, tighten the oil pump to

the specified torque.

‘ Torque 4.4 kgm

@ Connect the oil suction pipe and sup-
ply pipe. Then, assemble the support
bracket with the bearing cap.
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6.3.17. Oil pan

@ Install the gasket and place the oil pan
on top of it.

@ Align the bolt holes and gasket holes
Q\ without damaging the gasket. Then,
tighten the bolts to the specified tight-
ening torque.

Torque 3.1 kg'm

6.3.18. Intake/ exhaust valves

@ Before assembling the valves and
valve heads, find the "N (IN)" and "X
(EX)" marks on the valve heads.

@ Use a valve stem seal mounting jig to
assemble the valve stem seals and

valve guides.

EAMD096S

@ After installing the valve springs and
@ spring retainers, use the jig to press
down on the retainers and then install
the cotter pins.
=] ® Tap on the valve stems gently with a
2-9 rubber hammer and check whether the
valves have been assembled cor-
rectly.

EDX1217035
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6.3.19. Injector

2:6\ @ The O-rings on the injector (c) and

high-pressure fuel connector (e) are

always assembled; they do not require
any extra assembly.

@ Clean all the parts thoroughly and be
careful not to fall into the foreign mate-
rial.

@ Especially take deeper care on fuel

line from common rail up to injector EDX1218148

because this area has no filtering func-
tion.

@ Clean the holes which an injector and

@ a high pressure connector will be put
into before they are assembled.

@® Whenever disassembling the injector,
fuel high pressure connector must be
replaced with a new one.

@® When removing an injector, discon-
nect the in/out fuel hoses from the fuel
tank and drain the return fuel in the
cylinder head.

<Injector assembly procedure>

2:‘\ 1) The injector must be assembled precisely in the following order.

Injector  High pressure connector

Coat the engine oil on O-ring )
(Be careful not to allow the / g <o <\
engine oil to go into the hole DN
for high pressure connector)

Lubricant positions

- O-ring

T - Hold down shoulder
- Thread of fixing nut

EDX1218157
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2) Check for any foreign matter in the injector assembly hole on the cylinder head.

CAUTION:

A If any foreign matter is found, remove it before assembling the injector. If an injector or sealing washer is
installed when foreign matter is present, return fuel can enter the combustion chamber while the engine is
running, causing pistons to melt.

3) Insert an injector sealing washer.

CAUTION:
A Be sure to replace removed parts with new ones. 2 mm thick copper washers are intended for single use;
reusing them may lead to return fuel entering the combustion chamber, causing pistons to melt.
4) Check whether the injector sealing washer is seated securely.

CAUTION:
If the washer is tilted and not seated on the surface of the cylinder head
(Normally seated sealing washer/Improperly seated sealing washer)

Normally seated sealing washer Improperly seated sealing washer

EDX1218152

5) Apply oil to the injector O-ring seal.

CAUTION:
A Be careful not to allow oil to enter the high-pressure fuel hole.
6) After aligning the pins on the fixtures with injectors (1) and (2), insert the injectors / fixtures into the
cylinder head.

CAUTION:

A Tightening fixture bolts without aligning the position pin on an injector with the position hole on a fixture
can damage pins, while assembling a high-pressure fuel connector in this state can damage the injectors
and high-pressure fuel connectors.
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7) Temporarily tighten the injector fixture bolt and insert the injector into its proper position; then,
loosen the injector fixture bolts by at least five turns.

CAUTION:

A Inserting a high-pressure fuel connector without sufficiently loosening the fixture bolts produces an
imperfect alignment and sealing surface between the high-pressure hole in the injector and the end of the
high-pressure fuel connector, causing a drop in power.

8) Use a special injector alignment tool (assembly/removal jig) to adjust the high-pressure hole in the
injector so that it is aligned with the hole in the (3) high-pressure fuel connector.

9) Check for foreign matter in the hole in the high-pressure fuel connector and remove any foreign
matter completely; then, assemble the high-pressure fuel connector.

10)Apply oil to the O-ring on the high-pressure fuel connector.

11)Align the anti-rotation ball on the high-pressure fuel connector laterally; then, insert it into the anti-
rotation slot in the hole in the high-pressure fuel connector on the cylinder head.

12)Use a high-pressure fuel connector insertion adapter (assembly jig) to temporarily tighten and
insert the high-pressure fuel connector in its proper position so that it does not lean to one side;
then, remove the special tool (assembly/removal jig).

13)Manually move the high-pressure fuel connector to the left/right/up/down, checking whether the fix-
ture and injector move together with it, and adjust the central alignment.

Use a special tool for inserting

high-pressure fuel connectors to

temporarily tighten and insert the

high-pressure fuel connector in its
Temporary tightening for proper position so that it does not
inserting an injector O-ring lean to one side; then, remove the
jig and temporarily tighten the
mounting nut manually.

Install the injector with pre-tightening
torque and then loosen the fixing bolt.

1st step : Installing injector & pre-tightening 2nd step : Installing high pressure connector
& temporarily assembling
EDX1218146
Injector fixing bracket bolt Fuel high pressure connector fixing nut

Temporarily torque
0.3 kg'm 1.5 +0.5 kg'm
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14)The injector and high pressure connector should be assembled correctly by the following order.
(@ Finally tighten the fixing bolt of injector up to the specified torque while the high pressure con-
nector is still pre-tightened.

15)@ Finally assemble the high pressure connector. Tighten the fixing nut of high pressure connector
according to the specified torque by the torque wrench. Please keep and obey this procedure and
work order.

Final tighten the fixing bolt of injector Final tighten the fixing nut of
with specified torque high pressure connector with
specified torque

wﬂgo

Final step : final assemble injector with Final step : final assemble high pressure
specified torque connector with specified torque
EDX1218147
Injector fixing bracket bolt Fuel high pressure connector fixing nut

Manual mechanical torque wrench:
Final torque 3.5 +0.35 kg:m
3.5kgm -

Manual digital torque wrench:
4.25 +0.25 kg:m
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6.3.20. Cylinder head

@ Install the injection nozzle mounting
stud bolts and coolant pipe mounting
stud bolts.

@® Remove any foreign matter from the
@ head bolt hole on top of the cylinder
block using compressed air. Then,
wipe the cylinder block surface with
which the head gasket will be assem-
bled thoroughly.

@® Make sure that the head gasket faces
upwards and assemble the gasket,
aligning it with the retaining pin on the
cylinder block.

EDX1218077

=] ® Check the inside of combustion cham-
2.9 ber for foreign substances, and care- Head bolt — T
fully mount the cylinder head in the
block by aligning the dowel pin with
the dowel pin hole.

Torque wrench

=1 ©® Be careful not to damage the cylinder
L‘ head gasket. If the dowel pin is not in
alignment, lift the cylinder head again

and then remount it.

=] ©® After tightening the cylinder head
29 bolts, even at disassembling, the cylin-
der head gasket should be changed a
new one.

@ Tighten them to the specified tighten-
Q\ ing torque in the order of assembly.

< Cylinder head bolts >

Specification

M16 x 1.5 x 161

1st: 6 kg'm
Torque 2nd : 90° + 90°
Final tightening : 30°
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@ Adjust the valve clearance according to the following procedure and clearance adjustment method.

<Valve clearance adjustment guide>

@ Turn the crankshaft to set the piston of the cylinder No. 1 at the TDC of the compression stroke.
@I Then, adjust the valve clearance. (Cylinder no.1 starts at the front of the engine while cylinder no.6

starts at the back where the flywheel is mounted.)

En @ Unscrew the rocker arm mounting nut and fit the feeler gauge between the rocker arm and valve.
Adjust each clearance with the adjusting screw, then tighten the mounting nut.

@ Adjust the valve clearance as follows when the engine is cold:

Specified value

Intake valve Exhaust valve
0.4 mm 0.7 mm

< Valve clearance adjustment method no.1 >
@ After turning the crankshaft to align cylinder no.1 with the TDC position, adjust the valve in position
"0O" in the following picture. At this time, cylinder no.1 must be in the TDC position of the ignition
stroke (O.T.).

Flywheel Intake valve  Exhaust valve Cylinder No. Crank pulley

/

/

EDX1217060

Cylinder number 1 2 3 4 5 6
@ e @ e @ e @ e 7 e @ e
8 | $ g | = g | = g3 | = g2 | = 3 | %
. S 15 S 15 S £ S £ S 15 = £
Valve adjustment i = w = i = (1 = 1 = L =

Cylinder #1 TDC
; [ ] [ [ [ ] o (]
(Cylinder #6 valve overlap)

Rotate 360° o (] (] o (] o

< Valve clearance adjustment method no.2 >
@ Valve adjustments for the valve overlap of each cylinder are to be performed as follows.

Valve overlap of each cylinder
(Cylinder firing order) 1 5 8 6 2 4
Valve adjustment cylinder number 6 2 4 1 5 3
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@ Use a feeler gauge to adjust the valve
E = . . Valve clearance adjustment
clearance and tighten the mounting

nuts to the specified torque.

@ ‘ Torque 4.4 kg-m

EDX1217065

6.3.21. Rocker arm assembly

@ Apply oil to the rocker arm bushing
Q\ and shaft, use mounting bolts to align

the parallel pins installed on the
= bracket with the top of the cylinder
head, then tighten the bolts.

@® When tightening bolts, tighten them to

the specified torque in a zig-zag tight-
ening pattern.

M10 (x8) : 6.2 kg'm EDX1217064

Torque

M8 :2.2 kg'm

@® Temporarily fit the valve clearance
adjustment screw into the rocker arm.

@ Install the spring, rocker arm, bracket,
rocker arm, spring, washer and snap
ring in the sequence described.

@ Install the rocker arm and bracket in

the same direction.

EDX1217100

6.3.22. Oil cooler

@ Insert the gasket, taking care to avoid

oil leaks. Then, assemble the oil cooler
with the oil cooler cover.

@® Assemble the oil cooler cover assem-
bly with the cylinder block, taking care
not to damage the gasket.

@ Assemble the connecting pipe

between the coolant pump and oil A4
ZNN

cooler. [0 EDX12230160
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6.3.23. Oil filter

@ Assemble the oil filter after inserting
the gasket into the cylinder block.

@ Install the oil packing and use a filter
wrench to bring the surface of the O-
ring on the oil filter cartridge into con-
tact with the head seating surface.
Then, tighten it an additional 3/4 to
one turn.

6.3.24. Injection pump
@ Prepare the injection pump assembly
with the injection pump, flange, gear,
and O-ring installed.
@ Install the oil supply pipe and return
pipe.

No. Torque

—

0.8 0.1 kg.m

2.2 +0.2 kg.m

2.5 +0.5 kg.m

1.35 +0.15 kg.m

0.9 £0.1 kg.m

ojloa|lb~|lwW|DN

1.35 +0.15 kg.m

EDX1218174

S|

Rotation Unlock

s 33 |

Rotation Lock

EDX1218173

Note:
A When replacing the injection pump, replace the lock pin on the mechanical governor (RQV-K) to release

the lock.

Engine cranking without lock position change can damage the injection pump.
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@ Insert the fuel injection pump assem-
bly so that the engravings on the idler
gear and injection pump gear are
V)
aligned. fr} T
% o
[T s
oy
O,
o O
o
=
?z—;
—
kkr
[
EDX1218056
Q\ @ Install the flange bolt in the inserted -
assembly. °t
y 1 [
‘ Torque 11.2 1.1 kg'm > o

S
) ) ) ’~ / ~_,
) 0 (@L‘_‘,\YJI/
(f@@\\ Hmo 1= ) EDX1218057

Torque 4.4 0.4 kg'm

”\I Lﬂ [
©

EDX1218080
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O

@ Assemble the bracket with the block.

‘ Torque

6.2 £1.0 kg'm

O

@ Insert the bolts into the slots on the
assembled bracket and connect them

with the pump mounting bracket to

assemble them.

Torque

11.2 1.1 kg'm

@ Install the oil supply pipe and return

pipe.

6.3.25. Vibration damper and crank pulley

@ Assemble the vibration damper with

the crankshaft pulley separately.

@ After installing this assembly on the
Q\ crankshaft, attach the thrust washers

and tighten the bolts to the specified

torque.

| "
V.
\ V/ EDX12230196

Part number

Specifications

Tightening torque

Remarks

65.90030-0013A

M12 x 1.5 x 70

10.5 £1.5kg'm

m—(m- Discontinued

06.02106-0622

M12 x 1.5 x 65

13.4 +2.0 kg'm

" New

6.3.26. Fresh water pump

@ Use the mounting bolts to assemble

the fresh water pump with the TGC.

@® Connect and assemble the coolant

supply pipe with the bypass pipe and
hose connected to the reservoir tank.
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6.3.27. Saltwater pump

@ Assemble the saltwater pump with the
TGC, insert a new O-ring into the O-
ring groove on the inlet/ outlet pipe
flange, then assemble the pipe and
hose.

U

EDX12230192

6.3.28. Exhaust manifold

@ After temporarily assembling the heat
exchanger and exhaust manifold,
assemble the thermostat housing first
in order to achieve the correct level of
flatness of these parts. Then, adjust
the flatness to the correct level and
finally, tighten the mounting bolts on
the heat exchanger.

@ Assemble the exhaust manifold and 3 —~,

A heat exchanger assembly with the cyl- MRk ~ ¢ EDX12230156
inder head. These parts are heavy so
be especially careful when handling
them. Assemble the exhaust manifold
and coolant pipe. Then, assemble the
hose connecting the heat exchanger
to the saltwater pump.

6.3.29. Heat exchanger

@ Tighten the mounting bolts to install
the heat exchanger.

@ Connect the coolant hose to the heat
exchanger.
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CAUTION

Assemble the heat exchanger tube so that
the mark on top of the tube faces
upwards.

This is to secure a suitable baffle position
for the heat exchanger tube, enabling
smooth distribution of fresh water.

6.3.30. Thermostat

@® Mount the thermostat in the thermostat
housing along with a new gasket and
O-ring.

@ Assemble this assembly with the
exhaust manifold and the body of the
heat exchanger. Then, assemble them
with the coolant bypass pipe.

6.3.31. Intake manifold

A

@ Attach the gasket and install the intake
manifold.

@ Install the fuel injection pump's nega-
tive pressure operated air hose on the
intake manifold.

Note :

Ensure to install the steel gasket correctly

with its projection facing the correct

direction.

6.3.32. Engine stop solenoid

@ After mounting the bracket, assemble
the solenoid as shown in the picture
and tighten the solenoid mounting
bolts.

@ Connect the stop lever and solenoid
on the fuel injection pump with a cable
and adjust the length of the cable.
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6.3.33. Injection pipe and fuel return pipe
CAUTION:

A Be sure to check the tightening torque of

the nut on the high-pressure fuel

connector before assembling the injection

pipe.
@ Temporarily tighten the nuts on the

2

injection pipes for cylinders 1 to 3

(high-pressure fuel connector & injec-

tion pump) by hand.
@ Temporarily tighten the bolt (1ea) on

the injection pipe mounting bracket on

the oil cooler.

@ Finish tightening the nuts on the injec-

tion pipes for cylinders 1 to 3 (high-
pressure fuel connector & injection
pump) using a torque wrench.

@ Temporarily tighten the nuts on the
injection pipes for cylinders 4 to 6

(high-pressure fuel connector & injec-

tion pump) by hand.
@® Temporarily tighten the bolts (2ea) on

the injection pipe mounting bracket on

the oil cooler.

@ Finish tightening the nuts on the injec-

tion pipes for cylinders 4 to 6 (high-
pressure fuel connector & injection
pump) using a torque wrench.

Name Torque
Cap nut 4.0 +0.4 kg'm
Bracket bolts 2.2 +0.2 kg'm

=

j=|

(

<)

—._ O
PN

Lj%lj”;’ | l

Q‘u‘ M

in !
X121802

L% ED
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Tighten the 12 cap nuts (1) on the dou-
ble pipes to the specified torque as fol-
lows. Then, tighten the terminal block
to the double pipes with the six hollow
screws (2).

After assembling the control bracket
with the injection pump, assemble the
rubber piece and fuel tank body with
the two bolts (3).

Assemble the screw plugs (4) and
adapter (5) with the terminal block and
fuel tank. Then, fasten the hose to the

Q\ @ Double pipes Hﬁ | ‘HJ“_U = 7/1/7
e it o0 120 (@l (o i

bracket.

Number Name Torque
1 Cap nut 4.0 +0.4 kg'm
2 Hollow screw | 1.6 +0.4 kg-m
3 Bolt 2.2 +0.55 kg'm
4 Screw plug | 1.63 +0.4 kg-:m
5 Adapter 5.0 £0.5 kg:m

6.3.34. Starter motor

@ Assemble the starter motor with the
flywheel housing.

EDX12230191

6.3.35. Turbocharger

@ Install a new gasket on the exhaust
manifold stud bolts, install a turbo-
charger mounting spacer and insert a
turbocharger gasket on top of it. Then,
assemble the turbocharger with the
mounting bolts.

@® Assemble the oil supply pipe and
return pipe with the top and bottom of
the turbocharger.

. ;L

\| EDX12230151

@ Install the gasket on the turbocharger
exhaust outlet and assemble the
exhaust elbow.
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6.3.36. Air filter

@ Assemble the air filter with the turbo-
charger air inlet. Then, install the filter

element on top of it as shown in the
picture.

6.3.37. Intercooler

@® Mount the intercooler bracket and
assemble the intercooler.

@ Connect the intake stake to the intake
manifold.

@ Assemble the pipe and hose con-
nected to the intercooler and turbo-
charger inlet as shown in the picture.

@ Install a support bracket so that the
connecting pipe does not detach from
the turbocharger inlet.

6.3.38. Reservoir tank

@ Assemble the fresh water reservoir
tank, assemble the rubber connecting
hose and air bleeding hose with the
bypass pipe, then tighten them with
the clamps.

6.3.39. Fuel filter

@ Assemble the fuel filter and intake
manifold.

@ Assemble the fuel supply hose in the
direction indicated on the fuel filter

Lz

head in order for fuel to be delivered in

4 e
Y e m——)
7 @\

the following order: primary fuel filter
— fuel supply pump — secondary
fuel filter — fuel injection pump.
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6.3.40. Cylinder head cover

@ Assemble the cover packing with the
Q\ cover and temporarily assemble the
cover on top of the cylinder head.
Then, tighten the mounting bolts to the
specified tightening torque in the usual
tightening order, starting from the
inside and working outwards.

Torque 2.2 +0.2kgm

@ Assemble the breather hose with the
breather assembly.

6.3.41. Generator

@ Assemble the generator mounting
bracket.

@ Assemble the generator and the gen-

erator's protective cover with the

U

bracket using mounting bolts.

y

L

6.3.42. V-belt

E: @ Use a tool in the square groove of the
auto tensioner to rotate the tensioner

clockwise. Then, install the Micro-V

Belt on the crank pulley, generator pul-
ley and fan drive pulley.

6.4. Test Operation After Maintenance

After performing maintenance and replacing (boring) the parts in the engine, the various lubricated drive
components reassembled within the engine have not been broken in sufficiently. Hence, if the engine is
initially operated at a high speed or under an excessive load, the oil film is easily destroyed, causing pre-
mature or uneven wear in lubricated drive components. This can lead to premature breakdown within the
engine, making it difficult to guarantee longterm durability.

In order to prevent this danger, the operator must follow the instructions in the section "3.3 Operating the
Engine."
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7. Maintenance of Main Components

7.1. Lubrication System

Foreign matter in the engine oil pumped from the oil pan by the gear-type oil pump is filtered out by the
oil filter. Then, the oil passes through the oil cooler to be cooled before arriving in the main oil passage in
the cylinder block. Having arrived here, the oil is delivered to the various sliding parts of the engine, as
well as the fuel injection pump, turbocharger and saltwater pump to lubricate the relevant parts. Next, it is
returned to the oil pan to keep the engine functioning normally.

7.1.1. Specifications

Item Specifications Item Specifications
Lubrication method Forced circulation Oil strainer type Full flow
Oil pump type Gear Filter Cartridge type
Oil pump relief valve Opening pressure of
P ) P 11 +1.5 kg/cm? P 9p 3.2 +0.3 kg/cm?2
opening pressure bypass valve
Opening pressure of Opening pressure of oil
P g P 2.0 +0.1 kg/cm2 p. gp 5.0 + 1.0 kg/cm?2
valve for oil spray nozzle filter bypass valve

7.1.2. Oil filter
The oil filter is a cartridge-type filter.
It must be replaced regularly along with the
oil. QOil filter head
~ Cartridge
~——
EDX12210021
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7.2. Cooling System

7.2.1. Coolant pump

@ Loosen the bolts (5) and disconnect the pulley (4).
@ After slightly heating the hub (4), use a puller jig to remove it.
@ Loosen the bolts (9) and remove the housing cover (7).
@ After slightly heating the impeller (6), use a puller jig to remove it.
@® Remove the mechanical seal (10).
@ Remove the snap ring (14) and the unit bearing (2).
@ Reassemble in the reverse order.
@ In order to reassemble the impeller (6), use a gauge to maintain a consistent clearance (5 ~ 9).
* The water pump assembly and disassembly processes involve a significant amount of press-fitting,
making them difficult to do without the necessary tools and jigs.

/5
[LOM T [T T 5 3

—

——r
7 \— i
8 10 6 7 9 13
l\m
EDX1218058
1.  Fresh water pump 6. Impeller 11. Snap ring
housing 7. Housing cover 12.  Outlet pipe
2. Unit bearing 8. Gasket 13. Inlet pipe
3. Hub 9. Cover mounting
4. Pulley bolt
5. Pulley mounting 10. Mechanical seal
bolt
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7.3. Fuel Injection Pump

7.3.1. General fuel system information

The fuel system is composed of a fuel tank, injection pump, injection nozzle and fuel filter, as well as
fuel lines such as pipes and hoses required for connecting these components.

f
T

|
[ ) |
_
—
=)
-/

EDX1218156

1.  Fuelfilter 7.  Fuel pipe (hand pump — filter)
2. Injection nozzle 8.  Fuel tank

3.  Overflow pipe 9.  Fuel return pipe

4.  Fuel pipe (filter — injection pump) 10. Suction pipe

5. Overflow valve 11. Feed pump

6. Feed pipe 12. Injection Pump
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7.3.2. Injection pump

After being used for a certain amount of time, the plunger and delivery valve wear out and may degrade

the engine performance, so the components of the injection pump must be serviced regularly.

Service must be performed at a WEIFU-accredited professional maintenance center.

To adjust the amount of fuel injected, refer to the 'Fuel Injection Pump Specifications' described on the

next page.

1) DX12

(1) Main data and specifications
Part number
Light-duty propulsion engine
Medium-duty propulsion engine
Heavy-duty propulsion engine
Continuous duty propulsion engine
Auxiliary engine
Emergency generator
Model
Governor
Timer
(2) Nozzle holder assembly
Part number
Light-duty propulsion engine
Medium-duty propulsion engine
Heavy-duty propulsion engine
Continuous duty propulsion engine
Auxiliary engine
Emergency generator
(3) Nozzle
(4) High-pressure link connector
(5) Injection pipe
Single pipe
Double pipe
(6) Injection sequence
(7) Injection timing
Light-duty propulsion engine
Medium-duty propulsion engine
Heavy-duty propulsion engine
Continuous duty propulsion engine
Auxiliary engine
Emergency generator

: 400912-00490

: 400912-00487A

1 400912-00484A

: 400912-00628A

: 400912-00498

: 400912-00498 (electric gov.), 400912-00500 (mechanical gov.)
: PW8500

: Mechanical / electric (Ghana Control)

: No timer

: 400903-00167A

: 400903-00102A

: 400903-00102A

: 400903-00102A

: 400903-00167A

: 400903-00167A
:150118-00178 (9001 212 82A)
:430230-00159 (A445120319)

: 420208-00788, 420208-00784 (differs depending on ship class)
: 420208-00687, 420208-00688 (differs depending on ship class)
:1-5-3-6-2-4

:BTDC 15° +1°
:BTDC 15° +1°
:BTDC 17° +1°
:BTDC 17° +1°
:BTDC 17° +1°
:BTDC 17° +1°
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(8) Adjusting the calibration data and governor
@ Light-duty propulsion engine (400912-00490)

Inspection Tolerances
) L.D.A. . Fueling
Attribute Speed Fueling Max.SP.CYL | Rack Travel
. Pressure Tolerances
(r/min) (mm?3/st) (mm3/st) (mm)
(kPa) (mm3/st)
Rated 1,100 180 286 +8.6 17 11 £0.1
Torque Peak - - - - - -
Governor Break 1,135 +10 180 - - - 10.9 0.2
High Idle 1,200 £10 180 32 +6 - (2.5)
High Idle 1,250 180 - - - 2.0 or below
Boost Control 500 0 240 +12 24 9+0.3
Start Fuel 100 0 520 +60 - -
Low Idle 350 0 44 +8 15 (3.7)
Start Point
—r Rack Limit
— /IR Boost COM. Stroke 2.0 +0.3 mm
g Rated Point
(7)) /
(3]
& 1101 Y
|_ \
X
3
E 9+0.3 i
o
§ dle Point
Sub Stroke 0.3 ~ 0.5 mnj
(3.7) Y
2.5
\ \
T
0 100 350 1100 (1135) 1200 1250
Pump Speed n (r/min)
EDX1218084
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@® Medium-duty propulsion engine (400912-00487A)

Inspection Tolerances
. L.D.A. ] Fueling
Attribute Speed Fueling Max.SP.CYL | Rack Travel
(t/min) Pressure (mm3/st) Tolerances (mm3st) (mm)
(kPa) (mm3/st)
Rated 1,050 180 258 +7.8 16 10.5 +0.1
Torque Peak - - - - - -
Governor Break 1,110 =10 180 - - - 10.4 £0.2
High Idle 1,175 10 180 40 +7 - (3.0)
High Idle 1,245 180 - - - 2.0 or below
Boost Control 500 0 210 +10 20 8.5 +0.3
Start Fuel 150 0 520 +60 - -
Low Idle 350 0 40 +7 14 (3.5)
Start Point
—\— Rack Limit
— I WK Boost COM. Stroke 2.0 +0.3 mm
1S .
IS Rated Point
@)
2 Y
® 10.5 +0.1
|_ \
X
3
e 8.5+0.3 i
o
é Idle Point
Sub Stroke 0.3 ~ 0.5 mn
(3.5) A
3.0)
\ \
|
0 150 350 1050 (1110) 1175 1245
Pump Speed n (r/min)
EDX1218085
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@ Heavy-duty propulsion engine (400912-00484A)

Inspection Tolerances
. L.D.A. ] Fueling
Attribute Speed Fueling Max.SP.CYL | Rack Travel
(t/min) Pressure (mm3/st) Tolerances (mm3st) (mm)
(kPa) (mm3/st)
Rated 1,000 180 238 +7.2 145 10 +0.1
Torque Peak - - - - - -
Governor Break 1,045 10 180 - - - 9.9 +0.2
High Idle 1,125 10 180 35 +6 - (3.0)
High Idle 1,200 180 - - - 2.0 or below
Boost Control 500 0 180 +9 18 8 0.3
Start Fuel 100 0 520 +60 - -
Low Idle 350 0 40 +7 14 (4.0)
‘ Start Point
—\— Rack Limit
— I WK Boost COM. Stroke 2.0 +0.3 mm
g Rated Point
@ /
% 10 £0.1 Y
=
é 8 +0.3 \
o A
o
|5 Idle Point
© Sub Stroke 0.3 ~ 0.5 mn
Y
\ \
|
0 100 350 1000 (1045) 1125 1200
Pump Speed n (r/min)
EDX1218086
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@ Continuous duty propulsion engine (400912-00628A)

Inspection Tolerances
. L.D.A. ] Fueling
Attribute Speed Fueling Max.SP.CYL | Rack Travel
(t/min) Pressure (mm3/st) Tolerances (mm3st) (mm)
(kPa) (mm?3/st)
Rated 900 180 270 +8 16 10.3 £0.1
Torque Peak - - - - - -
Governor Break 950 +10 180 - - - 10.2 0.2
High Idle 1,000 +10 0 37 +6 - (4.5)
Boost Control 500 0 190 +9.5 19 8.1 +0.3
Start Fuel 100 0 520 +60 - -
Low Idle 350 0 30 +6 12 (3.1)
Start Point
Rack Limit
— // /) I/ Boost COM. Stroke 2.2 +0.3 mm
g Rated Point
%) /
°©
3 10.30.1 Y
e \
x
3
e 8.1 +0.3 i
°
é Idle Point
/ Sub Stroke 1 +0.2 mm
(4.5) i
(3.1)
A \
-

0 100 350 900 (985) 1000
Pump Speed n (r/min)

EDX1218163
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@ Auxiliary engine (400912-00498)

Inspection Tolerances
. . Fueling
Attribute Speed Fueling Max.SP.CYL Rack Travel
(t/min) (mm3st) Tolerances (mm3/st) (mm)
mi mm mm mm
(mm3/st)
Rated 900 230 =7 14 9.0 £0.1
Start Fuel 100 (540) - - (14.0)
Low Idle 450 36 +6 12 (3.5)
Rack Limit
T o[ LLLLLIR/
S Rated Point
»
)
& 9:0.1
|_
X
[&]
9]
o
° Idle Point
IS
[
o
(3.5)
—
0 450 900
Pump Speed n (r/min)
EDX1218087
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@® Emergency generator (400912-00498 (electric gov.), 400912-00500 (mechanical gov.))

Inspection Tolerances
. L.D.A. ] Fueling
Attribute Speed Fueling Max.SP.CYL | Rack Travel
(t/min) Pressure (mm3/st) Tolerances (mm3st) (mm)
(kPa) (mm3/st)
Rated 900 180 230 +7 14 10 +0.1
Torque Peak - - - - - -
Governor Break 910 +10 180 - - - 9.9 +0.2
High Idle 940 +10 180 45 +8 - (3.5)
High Idle 1,000 180 - - - 2.0 or below
Boost Control 500 0 166 +8 16 8 0.3
Start Fuel 100 0 520 +60 - -
Low Idle 350 0 40 +7 14 (4.0)
‘ Start Point
—\— Rack Limit
— I WK Boost COM. Stroke 2.0 +0.3 mm
g Rated Point
@ /
% 10 £0.1 Y
=
é 8 +0.3 \
o A
o
|5 Idle Point
© Sub Stroke 0.3 ~ 0.5 mn
Y
\ \
|
0 100 350 900 (910) 940 1100
Pump Speed n (r/min)
EDX1218088
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8. Troubleshooting

The following table is a summary of the possible causes and troubleshooting measures for faults which
may occur during engine operation.
If signs of a problem are found, take action immediately before an even greater problem occurs.

Poor engine startability

Y
Air in fuel system

Y

Restricted fuel supply pipe or
exhaust pipe

Remove air (Operate the fuel feed
pump manually.)

A

Y

Find the cause and remove foreign material

\i
Clogged fuel filter

Y

Replace the cartridge with a new one.

Operate the pump up and down with a
hand to check its operating condition.

If the discharge amount is low, repair or
replace the pump.

Y

Defective fuel feed pump

Y
Insufficient pressure

Inspect according to the level of power loss.

Y

\
Incorrect intake/exhaust valve Check the intake/exhaust valve clearance.

clearance or burnt valve Check the valve, valve guide, spring and
rocker arm for damage.

Y

\i
Incorrect injection timing

\i

Check the injection timing.

\
Excessive back pressure Check the entire exhaust line

(small diameter or clogging of exhaust line) (pipe diameter, thickness, seam,

excessive bends and clogged muffler).

Y

\i

Faulty or contaminated fuel delivery valve

Y

Check the fuel injection delivery valve for
corrosion and repair it as necessary.

\i
Faulty fuel injection pump

\i

Check, repair, adjust

Y

Does the starting aid function normally
at a low temperature?

Check that current and resistance are
within the specified range with the switch
ON at a low temperature.

Y

If it is hart to start the engine with the start
motor, check the battery power consumption
or the circuit to the start motor.

Y
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Insufficient

power
Y
Is the ic:]rtlgstgystem »| Hydraulic power source »  Adjust the propeller pitch or replace
\i
Excessive intake »| Clogged air element > $mal| diameter or clogging of
resistance intake line
Y Clean Clean or replace
EXCGSSi,"? exhaust |y | Restricted muffler p-| Small diameter or »| Clogged exhaust outlet
resistance clogging of exhaust of cylinder head
Clean or replace line
Clean or replace
\4
Faulty fuel system > »| Clogged oil/water > Blocked fuel pipe
Airin fuel system separator or fuel filter
Clean
Remove air Clean or replace
Blocked fuel tank
air outlet
»| Poor delivery of fuel feed pump
Y
Governor > Iand(fﬁgti?ém _ | Fuelinjection| _ | Clogged fuel _ | Burnt pump
! " | pressure ™| injection nozzle | ™ | plunger
Adjust Clean or replace Clean
\i
Defective o !nporrect fugl _ | Faulty fuel pump Defective | Excessively
fuel adjusting "injection timing ™| rack operation ™| delivery valve] ™ |worn plunger
lever
Adjust Repair or replace Repair or replace  Replace
\i
. Incorrect intake/ P ; Deformed or
Defective intak Burnt intak
Lo ;?erggfﬁzs'on »| exhaust valve > e:hiﬁst?/alv?e :éat > e;haust 3a?\fe stem[  » | damaged valve
clearance spring by fatigue
Adjust Repair or replace Replace 'Replace
Cylinder pressure
leak
Replace
/
Burnt, worn or
damaged piston ring
Replace
Cracked or worn
piston
Replace
Y Y
Overheating | Refer to “Overheating” Cracked or wom

liner
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Overheating

Y

Is the drive
system intact?

Y

Hydraulic power
source

\i

Control valve relief
pressure setting

Y
Cooling system —» Insufficient > Loose belt Worn or ﬁggttaeTcl:Ezfder
g sy coolant damaged belt 9
or clogged tube
Add coolant Adjust Replace Clean
\ \i
Excessive ; Small diameter .
intake > glé)r%gei(tj ar —»| or clogging of Exrc’;‘esslver r
resistance intake line exhaust pressure
Clean or replace Clean or replace Clean
y
Excessive Small digmeter Blocked cylinder Clogged or faulty
exhaust » Blocked muffler ~ —®| of clogging of head exhaust coolant inlet ca
resistance exhaust pipe outlet P
Clean Clean or replace Clean Clean or
replace
Y
. _ | Cylinder head _ | Cracked cylinder Malfunctioning
Cylinder head  —» gasket leak "1 head thermostat
Replace Replace Replace
Y Y
Fuel system | Incorrect fuel | Defective fuel 8835;& Iti)r;e
injection timing injection nozzle foreign material
Repair Clean or replace Clean
\i \i
e 5 | Incorrect valve Nozzle injection Deteriorated
Ll _>
Injection timing clearance timing coolant pump
l Adjust Adjust Replace
Y
Excessively
Piston > Burning contaminated
heat exchanger
Replace Clean
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Excessive
exhaust emission

'

Is the drive
system intact?

Hydraulic power

« | Control valve relief pressure

source

!

Insufficient power

'

Refer to “Insufficient power”

setting

Fuel » Low quality fuel
¢ Replace
- | Too advanced o S Abnormal nozzle
Fuel pump > injection timing »| Excessive injection amount —» injection
¢ Adjust or replace Adjust Adjust or replace
o . o | Defective control lever
Governor »| Incorrect adjustment ™| adjustment device
Adjust Repair or replace
Excessive
white smoke
- . » | Low quality fuel or foreign
Fuel > Water in fuel ™ material in fuel
¢ Replace Replace
Engine oil »| Excessively contaminated

or low-quality fuel

:

Replace

Excessive intake

\/

Clogged air element

Y

Small diameter or clogging

resistance of intake line
¢ Repair or replace Clean or replace
w | Excessively retarded fuel
Fuel pump ™| injection timing
¢ Adjust or replace
Oil leak > SD:aflﬁgtive valve stem »| Damaged or »| Damaged or
9 worn valve stem worn valve guide
Replace
Replace Replace
Excessive »| Burnt, cracked or »| Cracked or »| Cracked or
breather gas : . . ;
worn piston ring worn piston worn liner
»| Cylinder head gasket leak
Excessive cooling > Defective thermostat
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Poor engine
startability
Y
Defeclve palery || Batiory tominal |- Ground teminal [~ SPOLORM | TS
Repair Repair Repair Repair
\i
Battery » Specific gravity > Voltage - Defective battery
Charge Add electrolyte Replace
 / or charge
Kev switch ».| Damaged or - Internal contact - .
y Swi corroded start switch Damaged switch
motor terminal Replace Replace
Repair or replace
Y
Safety relay »-| Damaged or corroded |y \aifunction
terminal
Repair or replace Replace
Y
Start motor > t%?mi?w%?d orcorroded |y | 1o nction or »| Defective brush —»| Burnt coil
poor contact of -
magnet switch Replace Repair or
replace
Repair or replace Y
»| Clutch slip Short circuit
Replace Replace the
start motor
(Hydraulic power source)
Dropped or abnormal
oil pressure
\/
; ; - . ; | Contaminated o . .
Engine oil amount —» Insufficient oil > or low-quality oil[ > Viscosity
¢ Add engine oll Replace Use recommended oil
Oil line P~ Air in assembly section
Repair
Y
» | Worn gear shaft and . Worn gear and
Gear pump " | flange »| Damaged shaft —»= housing
Replace Replace Replace
Y
Filter —»  Clogging
Clean or replace
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Discharged or defective

battery (during operation)
Y \
Abnormal .
charging Discharge
\i \i
Defective - Kev switch —»
wingor (- PR LA |l Foor | Shor /SN power on
cable 9 of wiring
Repair Repair
PV Y
oor
terminal Wiring L Divrn%ged
g
contact
Replace
Damaged \i
Battery > .
battery Electric »| Alternator
system
Y
; > »-|Damaged or|_y, Lo Y
Key switch —»| Power ON > »>| Short circuit
corroded f switch D d
terminal or switc amage
diode
Repair or Replace
Y replace Replace
- \i
Electric »  Alternator > Burn_t in?erna_l circuit,
system short circuit or interrupted Interrupted
lead wire coil circuit
Replace
Replace the
alternator
Y
Loose belt Burnt internal
regulator circuit
Adjust
Replace the
alternator
Damaged diode
lReplace
Defective brush
Repair or
replace
Burnt coil
Replace the
Valternat
Short circuit
Replace the
alternator
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Appendix

@® Main Tightening Torques

<Chart of Specified Tightening Torques>

Main components

Screw (dia. X pitch)

Strength (class)

Tightening torque

Cylinder head bolt M16 x 1.5 109T 6 kg'm + 90° + 90° + 30°
Connecting rod bearing cap bolt M14x1.5 129T 28.0 kg'm
Crankshaft main bearing cap bolt M16 x 1.5 129T 30.0 kg-m
Balance weight mounting bolt M14 x 1.5 109T 9.0 kg'm
Flywheel mounting bolt M14 x 1.5 109 T 18.0 kg'm
Crankshaft mounting bolt M12 x 1.5 109T 13.4 kg'm

<Tightening Torque for Injection Pump System>

Component

Tightening torque

Injection nozzle HPC nut

3.5kg'm

Appendix
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<Standard Bolt Tightening Torque by Specification>
Refer to the following table for bolts not mentioned in previous chapters.

Strength class

Dia. x pitch

(mm) 3.6 4.6 4.8 5.6 5.8 6.6 6.8 6.9 8.8 10.9 12.9

(4A) (4D) 4S) (5D) (5S) (6D) (6S) (6G) (8G) (10K) | (12K)

M5 x Std. 0.15 0.16 0.25 0.22 0.31 0.28 0.43 0.48 0.50 0.75 0.90
M6 x Std. 0.28 0.30 0.45 0.40 0.55 0.47 0.77 0.85 0.90 1.25 1.50
M7 x Std. 0.43 0.46 0.70 0.63 0.83 0.78 1.20 1.30 1.40 1.95 2.35
M8 x Std. 0.70 0.75 1.10 1.00 1.40 1.25 1.90 2.10 2.20 3.10 3.80
M8 x 1 0.73 0.80 1.20 1.00 1.50 1.35 210 2.30 2.40 3.35 410
M10 x Std. 1.35 1.40 2.20 1.90 2.70 2.35 3.70 4.20 4.40 6.20 7.20
M10 x 1.25| 1.50 1.60 2.50 2.10 3.10 2.80 4.30 4.90 5.00 7.00 8.40
M12 x Std. 2.40 2.50 3.70 3.30 4.70 4.20 6.30 7.20 7.50 10.50 12.50
M12 x 1.25| 255 2.70 4.00 3.50 5.00 4.50 6.80 7.70 8.00 11.20 13.40
M14 x Std. | 3.70 3.90 6.00 5.20 7.50 7.00 10.00 11.50 12.00 17.00 20.00
M14 x 1.5 410 4.30 6.60 5.70 8.30 7.50 11.10 12.50 13.00 18.50 22.00
M16 x Std. | 5.60 6.00 9.00 8.00 11.50 10.50 15.50 17.90 18.50 26.00 31.00
M16 x 1.5 6.20 6.50 9.70 8.60 12.50 11.30 17.00 19.50 20.00 28.00 35.50
M18 x Std. 7.80 8.30 12.50 11.00 16.00 14.50 21.00 27.50 28.50 41.00 43.00
M18 x 1.5 9.10 9.50 14.40 12.50 18.50 16.70 24.50 27.50 28.50 41.00 49.00
M20 x Std. | 11.50 12.00 18.00 16.00 | 22.00 19.00 | 31.50 | 35.00 | 36.00 | 51.00 60.00
M20 x 1.5 | 12.80 1350 | 20.50 | 18.00 | 25.00 | 22.50 | 35.00 | 39.50 | 41.00 | 58.00 68.00
M22 x Std. | 15.50 16.00 24.50 21.00 30.00 26.00 42.00 46.00 49.00 67.00 75.00
M22 x 1.5 17.00 18.50 28.00 24.00 34.00 29.00 47.00 52.00 56.00 75.00 85.00
M24 x Std. | 20.50 21.50 33.00 27.00 40.00 34.00 55.00 58.00 63.00 82.00 92.00
M24 x 2.0 23.00 35.00 37.00 31.00 45.00 38.00 61.00 67.00 74.00 93.00 103.00
Notes :

1. The torque classes specified above are based on a 70% bolt elastic limit.
2. The tensile force is the tensile strength multiplied by the cross sectional area of the screw.
3. Special screws should be tightened only to 85% of the standard value. For example, MoS2-coated screws

should be tightened to 60% of the standard value.
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@ Specification Chart for Maintenance of Main Components

Unit : mm
Compo- L. Assembly Usable .
Item Inspection item L. Repairs Remarks
nent standard limit
Worn inside diameter of 123 - 3193.923 Replace cylinder | Measure non-worn
cylinder liner »123.025 ' liner. part under upper rim
0.15 | difference in
. . . There must be ) )
Cylinder | Liner protrusion 0.03-0.08 . protrusion with
protrusion ]
block nearby liner
and liner | Flatness of warped upper Correct with
) 0.05 ) For length of 200 mm
surface of cylinder block surface grinder
Engine - - -
bod Hydrostatic test 4 Replace if leaking
0
y (one minute) (kg/cm?2) oil
Valve seat 0-0.3 0.55 - Replace the valve
depression 0-0.3 0.55 - seat
Cylinder -
. . Replace cylinder
headand | Cylinder head height 154.7 - 155.3 153.7 head
ea
valve
Hydrostatic test 4 Replace if leaking | Water temperature:
(one minute) (kg/cm?2) oil 70°C
Measure at 13 mm
i ?122.854 .
Piston O.D. Replace the liner | from bottom surface
- ©122.886 .
of piston
. Replace if wear
Clearance between piston
. 0.123-0.162 exceeds the
and liner I
specification
35
) ) ) 3.060 - Replace piston if
Piston | Piston ring )
) 3.080 groove width
groove width
4.040 - exceeds standard
4.060 value
Piston protrusion from
Main . Measure under non-
upper surface of cylinder 0-0.12
drive worn edge of top part
block
compo- Allowable weight difference _
nents i +15¢ 969 Replace piston
among pistons
Top ring 0.30-0.45 1.5
Piston ring Second i Standard gauge I.D.
] 1.0-1.2 2.0 Replace ring
gap ring 1 2123
Oil ring 0.30-0.50 1.5
Top rin
Piston P 1ing
. Piston ring Second Replace ring or .
rng . ) 0.07-0.102 0.15 ) Usable limit for
side gap ring piston
— standard gap
Oil ring 0.05 - 0.085 0.15
Install rings at
Direction of ring clearance 120° intervals from
one another
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Unit : mm

Item Compo- Inspection item Assembly U§at.>le Repairs Remarks
nent standard limit
. o Measure in vertical
Ui:evenly worn journal and 0.05 01 Rr(iar:):;rrwnh and horizontal
P g directions
?95.966 - Replace
Journal O.D. 295.988 ?94.966 crankshaft 29696
. ?82.966 - Replace
Pin O.D. 282.988 ?81.966 crankshaft 8396
Ovalness of journal and pin 0.008 0.025
Allowable cor?centrlcny of 0.01 0.03
journal and pin
Allowable |nc!|nat|0n of 0.01 0.03
journal and pin
Crankshatt and bearing 0.072-0.142 0.25 Replace bearing Measure on crown
clearance
Replace thrust
Crank- Crankshaft free play 0.15-0.325 0.5 bearing
shaft Correct deflection Measure at no.4
Deflection of crankshaft 0.05 O.1orless | . (Supporting No. 1
with press
and 7)
heck i
Crankshaft balance (g.cm) 60 60 or less Chec .dynamlc Measure at 400 rpm
balancing
There should be no
Journal bearing cap bolt . foreign material on
. . Apply oil I .
tightening torque (kg-m) 30 pply oil to bolt the bearing cap
. mounting surface
Main Tighten the metal
drive
Journal bearing crush 0.15-0.25 cap and unscrew one
compo- stud bolt for mea-
nents surement
. Replace oil seal if | Replace with new
Worn oil seal there are any oil art
(Back side of crankshaft) y part,
leaks Use a shim
Connecting rod free play 0.22 -0.319 0.50 Replacg
connecting rod
Clearance between con-
necting rod bearing and 0.049-0.119 0.20 Replace bearing
crankpin
Install bearing, then
S;ZagiZE?nbe;ﬁje?sza"in 0.050 - 0.080 0.12 unscrew
Connect- 9 P P one bolt to measure
ing rod Tighten bearing cap,
Helght of connecting rod 0.086-0116 then unscrew
bearing crush one stud bolt to
measure
Allowable weight difference 18
among connecting rods =19
Connecting rod bearing cap .
2 Apply oil to bolt
bolt torque (kg-m) 8 pply oil to bo
59.86 -
Camshaft O.D. 259.88 ?59.56 @60
Cam-
Clearance between 0.045-0100 | 020
shaft | camshaft and bushing
. Repl h
Camshaft axial play 0.14-0.25 0.30 eplace thrust
plate
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Unit : mm

Com- L. Assembly Usable .
Item Inspection item L. Repairs Remarks
ponent standard limit
Clearance between idler gear
) ) 0.048 - 0.096 0.19
shaft and insertion hole
. Replace thrust
End play of idler gear shaft 0.107 - 0.203 0.25
collar
i Clearance between crank gear
Main , , g 0.060 - 0.184 0.26
drive o and oil pump idler gear
Timing . _
com- Between oil pump idler gear and
gear : 0.020 - 0.292 0.41
pone- oil pump gear
nts Crank gear and idler gear A 0.062 - 0.194 0.27 Replace gear
Between idler gear B and
0.090 - 0.236 0.33
camshaft gear
Between idler gear and fuel
L 0.090 - 0.236 0.33
injection pump gear
When replac-
Intake valve stem O.D. J7.963 - @7.977 @7.943 )
ing the valve,
Replace valve and
ide replace the
ui
Exhaust valve stem O.D. @7.950 - @7.964 37.920 g valve guide as
well
Clearance between Replace valve and
W Intake 0.023 - 0.052 0.10 P
valve stem and valve guide
guide Exhaust 0.036 - 0.065 0.15 Replace
. Intake 33-37 2.8
Valve thickness Replace
Exhaust 40-44 35
Clearance between valve guide 0.01 - -0.39 Apply oil to
and cylinder head mounting hole ' ’ valve guide
Allowable radial runout | |ntake 0.04 - 0.07 0.2
between valve stem Replace
Valve and valve head Exhaust 0.06 - 0.09 0.25
sys- | Valves Free length 62.5 -
tem 37.4-
Spring tension 44.0 41.4
Intake | S |(P1/P2) kg 316 63.3- |Replace valve
spring ﬁ 68.3 spring
Straightness
(compared to 1.6 2.0
free length)
Free length 62.5 -
37.4 -
Spring tension 44.0 41.4
Exhaust | S |(P1/P2)kg 31.6 63.3- |Replace valve
spring % 68.3 spring
Straightness
(compared to 1.6 2.0
free length)
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Unit : mm

Com- L Assembly Usable .
Item Inspection item L. Repairs Remarks
ponent standard limit
Clearance between rocker arm Replace bushing
. 0.015 - 0.059 0.12
shaft and rocker arm bushing or shaft
Rocker arm shaft wear 024.953 - ©24.976 | ¥24.916 | Replace
Allowable pushrod taper 0.3 Replace
Valve
Clearance between tappet and
sys- | Tappet | =™ PP 0.035 - 0.077 0.15 | Replace tappet
tem cylinder block
Tappet O.D. ©19.944 - ¥19.965 19.89 Replace tappet
Replace if exces-
Contact surface of tappet and )
- sively deformed or
cam
worn
. Qil leak
Qil pressure (normal speed)
Qil 4.5 or below 3.5 Check clearance
kg/cm?2
pres- and angle
sure ) Userecommended
Oil pressure (no load) kg/cm2 08-14 0.6 o
i
Oil | Max. allowable oil temp. °C 105
tem- | (Main gallery) No temperature
higher than this
era- i o
p Instant allowable oil temp. °C ) 120 are allowed
ture | (Main gallery)
Oil pressure adjustment valve
(kg/em?) 5.0-6.0
Lubri- Replace valve
cation Bypass valve for oil filter element 16-24
sys- (kg/cm?) R
tem e
Valve | Bypass valve for full-flow oil filter 40-48
open- | (kg/lem?) o
ing | Bypass valve for oil cooler
pres- | bypass 5.0-6.0
sure (kg/cm2)
Oil pump relief valve
9.5-125
(kg/cm2)
Spray nozzle adjustment valve
1.9-2.1
(kg/cm?2)
QOil - )
fiter Damaged oil filter cartridge Clean and replace
i
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Unit : mm

cylinders

compared to average

Com- L Assembly Usable .
Item Inspection item oo Repairs Remarks
ponent standard limit
Displacement 1/min
- Engine rpm : 1,800 rpm
- Water temp. : 80 °C Approx. 270 Repair or replace
- Negative pressure : 0.5
Coolant
kg/cm2
pump
Replace if impeller
Clearance between pump 05-0.9 and housing are
Cool- impeller and housing body - touching one
ing another
system | Coolant | Operating temperature 94 - 98 95 No temperature
tem- | (suitable temperature) °C higher than this
perature | Instant allowable temp. °C 105 105 are allowed
Thermostat opening
Thermo- | temperature °C 79 Replace
stat (at atmospheric pressure)
Fully open temperature of . . Lift :
94 or below Replace if defective .
thermostat °C Min. 8 mm
Damaged or cracked fuel
Pio pipe, injection pipe or Repair o replace
PINg. nozzle holder; defective P P
etc. .
packing
Damaged fuel filter .
) Replace cartridge
cartridge
Fuel — —
Injection nozzle injection
system 300 Replace nozzle
pressure (bar)
Injection pump overflow valve
) 1.5 Replace valve
opening pressure (kg/cm?)
. . Replace cylinder
Height of nozzle protrusion from
. 2.13 head and
cylinder head surface (mm)
nozzle
Refer to "Test Oper- )
. . Retighten head
. . ation Items" in the ]
Engine test operation ) bolt after engine
Appendix )
test operation
Com- Note
plete Cylinder compression o4 of
inspec- | Cylin- | pressure 24 -28 . Repair
. higher
tion der (kg/cm2) At 200rpm or
pres- | Compression pressure higher (20 °C)
. +10% or less .
sure | difference among Repair

Appendix

-128 -



Paper Size : 120mmx165mm

Diesel Engine for Generators (Land/Marine)

Digital Speed Controller

User Manual
Ver_1.07

300611-01127A(Land)
300611-01440(Marine)

HYUNDAI

HD Hyundai Infracore

Page 1



Contents

1. Product Overview and General

Specification

1.1 Product Information  ------------mmmmmmmm o

1.2 Product Appearance = ----------

1.3 Product Specification = ====-===mmmmmmmmm oo

1.4 Product System Diagram = —--=======mmmmmo oo
1.5 Product I/O Signals = —=--====mmmmmmmm oo

1.6 Product DIMension  =====mmmmmmmm oo

2. Installation

2.1 Connecting to the Engine  —---------mmmmmmmmmmm e

2.1.1 Battery, Pick-up, Actuator Connection Diagram = -------------------mmuoo-

2.1.2 Connecting to Batteries

2.1.3 Connecting to Actuators

2.1.4 Connecting to Pick-up SENSOrs — —-------mmmmmmmmmm

2.1.5 Operating Sequence for

Digital Speed Controller = -------=-----mmmmommme e

2.2 Connecting to Speed Trim, Droop, Idle and Other Inputs  --------------mmmmmmmmn

2.2.1 Speed Trim, Droop, Idle and Other Inputs Diagram =~ ---------------cmmueov

2.2.2 Connecting to Speed Trim = —----=-mmmmmmmmmmm oo

2.2.3 Connecting to Droop

2.2.4 Connecting to Idle  ---

2.2.5 Connecting to AUX  --

2.2.6 Connecting Power to External Devices — -------===-mmmmmmmmmmmmmmo oo

2.3 Connecting to Crank, Run, Over Speed and Communication = -----------=----------

2.3.1 Crank, Run, Over Speed

and Communication Connection Diagram =~ ------

2.3.2 Connecting to Crank Terminals =~ ---=======mmmmmmmmmmmm oo

2.3.3 Connecting to Run Term

iNals  —mmmmmmmm e

2.3.4 Connecting to Over Speed Terminals = ------------mmmmmmmmmmmmmmme oo

2.3.5 Connecting to CAN Communication = ==========mmmmmmmmm oo

2.3.6 Connecting to RS232 Communication = -=============mmmmmmmmm oo

3. Configuration and Operation
3.1 Input Keys — --------=-mmmmmmoee

3.2 LCD Display Menu  —=======mmmmmmmm oo
3.2.1 LCD Displays After Powered On = ==--===--mmmmmmmm oo

3.2.2 LCD Main Menu Display
3.2.3 Engine Type Setup Menu

o N o un M bM

10
10
10
10
11
11
12
12
12
12
12
13
13
13
14
14
14
14

15
16
17
18
19

Page 2



3.2.4 System Setup Menu  —====mmm s oo oo
3.2.5 PID Gain Setup Menu  —-=-----mmmmmmmmmm
3.2.6 PID Auto Setup Menu  =====mmmmmm oo
3.2.7 DateTime Setup Menu  =====-=-----mmmmmmmm oo

3.2.8 Alarm List Menu

3.2.9 Default Setup MenU  ——--—--mmm oo
3.2.10 System Info Menu  ——==-mm s oo oo o

3.3 Engine Configuration

3.3.1 Engine Type Configuration  -------m=mmmmmmmm oo

3.3.2 System Setup Configuration = -===----=-----mmmmmmm
3.3.3 PID Gain Setup Configuration = ----======-m-mmmmmmm
3.3.4 PID Auto Setup Configuration = -----====-mmmmmmmmmmm
3.3.5 DateTime Setup Configuration = -------==-=-mmmmmmmmmmmom o
3.3.6 Alarm List  —=mmmmmmmmmm

3.3.7 Actuator Test  --

3.3.8 Default Setup FUNCLiONS  —----mmmmmm oo
3.3.9 System Info FUNCLIONS = —---mmmmmmmmm oo
3.3.10 LCD Setup Function Configuration = -----==-----mmmmmmmmmm oo

3.3.11 System Monitor Function Configuration = ---------------mmmmmmm -

4. How to Operate

4.1 Operating Sequence for Digital Speed Controller =~ -------------mmmmmmmmoooooooooo -

4.2 Detailed Operating SeqUENCE  ~===mmmmmm oo

5. Troubleshooting

5.1 Alarm List Check  -----

5.2 System Checks and Measures — —----------mmmmmmmmm oo

6. Warranty and A/S Service

6.1 Warranty =~ -------------

6.2 A/S Service Information

19
20
21
21
21
22
22
22
22
24
29
30
31
31
32
32
33
33
33

34
34

35
36

37
37
37

Page 3



1. Product Overview and General Specification

1.1 Product Information
Digital Speed Controller (300611-01127A/01440) is applicable to generator (vehicles and vessels) engines
as a high performance embedded electronic control system designed based on PID control for fast and
precise control of engine speed with an enhanced micro controller unit (MCU) that minimizes analog

circuits vulnerable to user environments.

This product features PID auto setting functions along with battery voltage, pick-up sensors and
actuator condition checking. It also has a black box function that manages engine operation records
when faults are detected for users to have more convenience in operating this precise digital speed

controller.

[Product Features]

@ Rigid and stable case structure and easily recognizable front design

@ Readily understandable GUI (graphic user interface) with graphic LCD displays

@ Easy and simple setup with 8 button keys without manual controls by users

@ Fast setting available by migrating initial settings depending on types of the engines
@ Listing fault messages (over speed, pick-up error, etc.) and recording messages

@ RS232 and CAN ports available for communication

@ Digital inputs and PID auto setup functions for PID control parameters

@ Application of digital clock for fault timing and engine operating hours

1.2 Product Appearance
Digital Speed Controller is made of a rigid aluminum case taking into account anti-shock,
electromagnetic resistance and environmental protection. An embedded system containing graphic LCD
and high performance MCU is inside the controller and a heat sink is located on the outside of the case

for protection and precise control of actuator operating elements.

A terminal block is located on the bottom and right of the front side for easy connection to external
devices. Over speed, run and crank signals are displayed on the front LED and contact points (a or b) are

also available for outputs on external controllers or indicators.

RS232 and CAN communication is available and DSUB-9 connector enables universal use of RS232

communication.

Users can easily input and adjust values for parameter inputs using 8 button keys. In addition, graphic
LCD shows graphic displays, bar graphs and design symbols so that users can readily identify the control

information while external LED displays important conditions of the engine.
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Figure 1: Product Front View

1.3 Product Specification

No. Item Description
1 MCU 16-bit DSC dsPIC33FJ256
] Graphic LCD 128*64
2 Display
LED: 6 EA
3 Keypad 8 Button Keys
4 Output 3 Contact Points (a and b)
5 Input RMS 3V (Min)
6 Memory 128Mb
o RS232 57600bps
7 Communication

CAN (J1939) / 250kbps

8 Rated Power DC 24V (12V to 32V)
9 Current Consumption 120mA

10 Operating Temperature -20 to +70°C

11 Storing Temperature -30 to +80°C

12 Operating Humidity 0 to95%




1.4 Product System Diagram

Cautions on wiring
@The total length of the Actuator(15AWG), Pick-up(24AWG_Shield Cable), and
Battery(15AWG) connections shall be limited to 10m or less.
@Refer to the system diagram (Figure 2) to wire the circuit and check the cable type.
@Wiring assembly must be checked before use as it will cause fatal damage to the controller.
@The fuse 10A for circuit protection is always provided at the front end of the battery
input terminal “F”
@®RS232 communication cable should use designated dedicated cable.

@It does not guarantee the fault of the product caused by not following the system

diagram and wiring connection precautions.

.
2
)

PSS &
Digital Speed Controller e \_,/
=4 o  jf g AC220V
== [« N0 o 1
% El gm‘ : i oy
gome= ([l Lamp
E ° JE- [ —
= = L& n RUN
:. aran ¢ a T $
| 2090 s o
=y ; [&] QOver Spee
| 0-0~0 W B
Governor \_ & B ¢ D F F & W J ® | = @
— R R R —
1
[e]

15AWG(1.65m) 2C

24AWG(0.205mT) 2C —3
— - )
Shield Cable <L
= =
AUX Input
Fuse _TL
+24\W/10A Potentiometer
Engine Body Toggle SW J
. % | |
E Droop !>:< All of the GND(Earth) Mark <+ must to wiring to GND' |
15AWG(1.6507) 2C Toggle SW |
Battery IX CAM and RS232 Communication Line must to connect |
DC+24V i with shield Cable. |

Figure 2: System Diagram for Digital Speed Controller
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1.5 Product 1/0 Signals

No Terminal I/O type Terminal Functions
Outputs are actuator control signals.
Actuator Wiring should be 15AWG (105°C) or better. (However, terminals A and B can be
1 (A B) Output used regardless of their polarities.
Actuator's shied cable terminal should be connected to Ground(Engine body).
(Voltage measuring terminals are A and E.)
Inputs are RPM sensor signals.
Pick-Up Terminal D should be connected to the ground(Engine body) in connection
2 (C.D) Input with the shield cable. Gap between the RPM sensor and the gear tooth should
be adjusted between 0.9 and 1.1mm (sensor inputs should be at least 3V AC
RMS). Pick-up voltage shown on System monitor menu is Peak value
It is a power input terminal for the controller and inputs are DC +24V/10A.
Battery Voltage o ]
3 CE, +P) Input The positive pole of the battery should be connected to the terminal F. (Back
voltage protection circuit is built in.)
4 Input (G) | It has a ground signal and is connected to the ground of the potentiometer.
5 Speed Trim (G, input (H) Inputs are RPM trim signal values and the voltage level is between 0 and 5V. It
H, J) is connected to the output of the potentiometer.
6 Input (J) | Outputs are DC +5V and it is connected to VCC of the potentiometer.
Droop Terminal K receives droop function selecting information.
7 (K L) Input Terminal L has a ground signal and the switch is connected to terminals K and
L. Once the terminal K is connected to the ground, droop starts to operate.
8 Idle Input Terminal M receives idle function selection signals. Once it is connected to the
(M) ground, idle operation starts.
AUX Terminal N receive load sharing and synchronization signal for parallel
? (N) Input operation. The signal level is an input between DC -5 and +5V.
10 10V Output Outputs are +10V/20mA ratings and it can be used for various purposes
(P) including power to external auxiliary devices.
The second crank contact point is a shared terminal while terminals 1 and 2
» Crank Contact Output are for the contract point b and terminals 2 and 3 for the contact point a. The
Point (1, 2, 3) contact point a starts to operate when the digital speed controller reaches at
the RPM delivering control signals to the actuator after the engine is activated.
The fifth run contact point is a shared terminal while terminals 4 and 5 are for
1 Run Contact Output the contact point b and terminals 5 and 6 for the contact point a. The contact
Point (4, 5, 6) point a starts to operate when the engine reaches its designated normal speed
RPM.
The eighth over speed contact point is a shared terminal while terminals 7 and
Over Speed . . .
. 8 are for the contact point b and terminals 8 and 9 for the contact point a. The
13 Contact Point Output ) ) ) )
78 9 contact point a starts to operate when the engine reaches its designated over
speed RPM.
14 CAN /0 Terminal 10 is for CAN-L communication and 11 is for CAN-H communication.

(10, 11)

CAN-H and CAN-L are used for CAN communication.
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Power When DC+24V power is supplied to the controller, the LED turns on in red on
15 Output
LED the power level.
16 Pick-Up Outout When the controller receives normal input signals from the pick-up sensor,
utpu
LED P the LED turns on in green on the pick-up level.
The 2- and 3-terminal contact point a starts to operate and the LED turns on
in yellow on the crank level when the digital speed controller reaches at the
17 Crank LED Output o ) o )
RPM delivering control signals to the actuator after the engine is activated.
When Cranking Rpm is exceeded, Crank LED turns off.
The LED turns on in green on the run level when the engine reaches its
18 Run LED Output designated normal speed RPM with 5- and 6-terminal contact point a starting
to operate.
The LED turns on in red on the over speed level when the engine reaches its
Over Speed ) ) ) - )
19 LED Output designated over speed RPM with 8- and 9-terminal contact point a starting to
operate..
The LED turns on in red on the error level when abnormal events of the
20 Error LED Output
controller occur.
D-SUB 9PIN (male) is connected to the host through RS232 communication
port.
21 RS232 I/0 e . . .
The specified dedicated line should be used and only terminals 2, 3, 5
shall be connected, and the other terminals shall not be connected.
GND part and earthing should be jointly connected before being earthed to
22 Ground Ground

generator's engine body.

1.6 Product Dimension
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2. Installation

disconnected.

Cautions for installing the digital speed controller

and high humidity, and do not expose the controller unit to the radiant heat.
@®Do not rely solely on the electronic governor's actuator function to prevent

overspeed, and use an independent fuel cut-off solenoid auxiliary device.

@®We can not guarantee the failure of the product caused by installation neglect.

@®Mount the controller unit vertically to the surface of a control cabinet to protect from water

@®When welding around the controller and charging the battery, the controller battery terminal is

Digital Speed Controller should be connected to the pick-up sensor attached on the engine and the

actuator. Speed trim, droop, idle and aux terminals can be used for additional functions in connection with

surrounding circuits. Contact points a or b can also be used to operate external devices using crank, run

and over speed functions. RS232 and CAN port allow communication with PCs or external host computers

for data transfer and monitoring functions.

2.1 Connecting to the Engine

2.1.1 Battery, Pick-Up and Actuator Connection Diagram

Engine Body

o] i0]

( Digital Speed Controller . ) E-—«
= gz (el
= g= M|l
= g i@
= = i8]

a8 2 s v Fw ) o& i u'n r'.'-":“-

PE00nRoooo0o00

=

i
L]
Shield Cable b[_:

Governor Actuator

-

Magnetic Speed Pick-Up

77

Battery
DC+24V

1]

Generator Control Unit

Fuse
+24V/10A
¥
MC
—

Figure 3: Battery, Pick-Up and Actuator Connection Diagram
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2.1.2 Connecting to Batteries

Battery voltage is DC +24V and the battery is connected to the controller matching E (-) and F (+)
with the respective polarities of the battery. E (-) is connected to (-) of the battery and F (+) to (+) of
the battery. The circuit protection fuse 10A must be formed between the F (+) and the battery. Depending
on cases, wiring can be done in a serial connection to the contact point a of MC and the fuse (DC

+24V/10A) when connecting to system panels or generator control devices.

2.1.3 Connecting to Actuators

The actuator is also called governor and controls the amount of the fuel spray to the engine cylinder.
The controller is connected to the actuator attached on the engine by connecting two wires of the
controller terminal to A and B of the actuator regardless of their polarities. Use more than 15AWG(105°C)

for the connection wire, and when using a shielded cable, the shield terminal should be connected
to Ground(Engine body).

2.1.4 Connecting to Pick-Up Sensors

The pick-up sensor lets users know the engine speed and is connected to terminals C and D that can
receive signals of AC RMS 3V or higher. Gap between the pick-up sensor and the gear tooth should be
adjusted between 0.9 and 1.1mm. the shield terminal should be connected to Ground(Engine body).

2.1.5 Operating Sequence for Digital Speed Controller

@ Power On/Off: It means that DC +24V power is either supplied or terminated through E (-) and F (+)
of the battery matching with their respective polarities.

@ LCD On/Off: It means to turn on or off the LCD display alone while DC +24V power is supplied
through E (-) and F (+) of the battery matching with their respective polarities and the controller is in

operation.

[Operating Sequence for the Controller]

Step1) When DC +24V power is supplied to the controller, the controller starts to operate. It indicates
that power LED turns on and the power is being normally supplied.

Step?2) Inputs for speed trim, droop and idle functions are received.

Step3) The controller checks the signals of the speed pick-up sensor.

Step4) Actuator control signals are output together with designated values of other information for
crank, run and over speed functions according to the PID control values.

Step5) The controller checks the operation condition and displays LED outputs and fault messages

according to the detected information.
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Controller | Over Speed
Pin Name —§ On 3
DSC On/OFF Crank Idle Run y 4 L

e __quuwmmm.mmm
Droop, Idle L
il rnnnﬂnmmm-lmuumn

55 ———Crank Xidle Xrun X% X M
Output ————(Crank Xidle XRun X'¥ X ¥

Contact

., s

Figure 4: Time Chart for Operation of the Controller

2.2 Connecting to Speed Trim, Droop, Idle and Other Inputs
2.2.1 Speed Trim, Droop, Idle and Other Inputs Diagram

o
I

Digital Speed Controller

[¢][e]e]e]]e]s]s]s]]e|

&

Speed Trim b 0-5V
Potentiometer 5.5y
1
AUX Input
Load Sharing
Synchronous
Unit
Droop
Toggle SW

Figure 5: Speed Trim, Droop, Idle and Other Inputs Diagram
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2.2.2 Connecting to Speed Trim

Speed trim is an analog voltage signal port for input to fine-tune the engine speed. A potentiometer
is used for precise adjustment of the resistance values. The potentiometer needs to be connected to
terminals G, H and J. Terminal G should be connected to the ground and it is recommended to use
shielded cables. Terminal H is the terminal to which the fine adjustment voltage value (0 ~ 5V) is input.

Terminal J is a terminal that is connected to VCC of the potentiometer with DC + 5V output.

2.2.3 Connecting to Droop

The switch is connected to terminals K and L. Signals indicating whether droop function works or not
serve as inputs to the controller by keeping K and L either open or close. Inputs can be done by toggle
or converting switches.
2.2.4 Connecting to Idle

The port on one side of the switch is connected to terminal M and the port on the other side to the
ground. Connection between terminal M and the ground becomes either open or close by keeping the
switch open or close. When connection between the terminal and the ground becomes close, the

controller will have idle function. Inputs can be done by toggle or converting switches.

2.2.5 Connecting to AUX

AUX is a terminal for control signal inputs from load sharing devices or synchronization devices
through terminal N. It shares load from the generator in parallel operation and receives signal inputs from
synchronization devices for the controller to control changes to load. Input signal level is between DC -5

and 5V and it is recommended to use shielded cables for signal wires.

2.2.6 Connecting Power to External Devices

It can supply power output of 10V/20mA to external devices through terminal P. Users can easily use
this terminal when external auxiliary devices need power supply.

However, power supply of 20mA or higher should not be used and care should be given to prevent

short circuits.
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2.3 Connecting to Crank, Run, Over Speed and Communication

2.3.1 Crank, Run, Over Speed and Communication Connection Diagram

N
AC220V CCD
o] IOl 1
a s Digital Speed {hnt;nj:jr Eﬁ -;
= 8= H|es CRANK
= o & & Lamp
? E‘ RUN
£ T ®
- é) E @ %: »
= (@t
; @ @ @ (@] | " Over Speed
== [ Lamp
e W e L (&
\_ 4 B © p FE F K W oJ k| H @
EEIoETEEag: oL can
.EO CANH Node

Figure 6: Crank, Run, Over Speed and Communication Connection Diagram

It is used to deliver operation information to external devices by activating contact point (a or b) when
activating crank, run or over speed functions.
RS232 and CAN communication is connected to external PCs or hosts so that the controller can transmit

system settings or operation information.

2.3.2 Connecting to Crank Terminals

Terminals 1, 2 and 3 are the ones for crank output contact point and the contact point will be in operation
when the controller activates the crank function. The second crank contact point is a shared terminal while
terminals 1 and 2 are for the contact point b and terminals 2 and 3 for the contact point a.

Contact points a and b start to operate when the controller reaches at the RPM delivering control signals
to the actuator after the engine is activated. The diagram shows wiring to operate AC220V lamp. The shared

terminal is for 220V inputs and the crank lamp turns on when the contact point a starts to operate.
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2.3.3 Connecting to Run Terminals

Terminals 4, 5 and 6 are the ones for run output contact point and the contact point will be in operation
when the controller activates the run function. The fifth crank contact point is a shared terminal while
terminals 4 and 5 are for the contact point b and terminals 5 and 6 for the contact point a.
Contact points a and b start to operate when the engine reaches its designated normal speed RPM. The
diagram shows wiring to operate AC220V lamp. The shared terminal is for 220V inputs the run lamp turns

on when the contact point a starts to operate.

2.3.4 Connecting to Over Speed

Terminals 7, 8 and 9 are the ones for over speed output contact point and the contact point will be in
operation when the controller activates the over speed function. The eighth over speed contact point is a
shared terminal while terminals 7 and 8 are for the contact point b and terminals 8 and 9 for the contact
point a.

Contact points a and b start to operate when the engine reaches its designated over speed RPM. The
diagram shows wiring to operate AC220V lamp. The shared terminal is for 220V inputs the over speed

lamp turns on when the contact point a starts to operate.

2.3.5 Connecting to CAN Communication
Terminal 10 is for CAN-L communication and terminal 11 for CAN-H communication. CAN-H and CAN-
L are used for CAN communication with remote control and monitoring of the controller operation. The

communication code is based on J1939.

2.3.6 Connecting to RS232 Communication

D-SUB 9pin (female) is for RS232 communication for connection to external PCs or hosts. The specified
dedicated line should be used and only terminals 2, 3, 5 shall be connected, and the other terminals shall
not be connected. It can configure system parameters of the controller or communicate with analytic

applications.
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3. Configuration and Operation

The controller can be configured and operated by input keys according to the menus on the LCD display
by selecting proper ones and assigning values in the selected menu to input control information to the

system. Input information should immediately apply to the controller system once updated.

3.1 Input Keys
The controller has 8 input keys including LCD, Mode, Menu, Enter, Up, Down, Left and Right.

Each key as respective functions as follows:

LCD key turns on and off the display.

Mode key switches the display to either operation mode or wave form display.

Menu key lets users change the menu display and go back to the previous menu.

Enter key applies designated values on the LCD display to the system.

Up key lets users go up or increase values in the selected menu on the LCD display.

Down key lets users go down or decrease values in the selected menu on the display.

Left key lets users move to the left in the selected menu.

Right key lets users move to the right in the selected menu.

QOOEOOO

Page 15



3.2 LCD Display Menu

The overall menu tree of the controller is as follows:

SYSTEM ALARM
35 E00-00/00/00 00:00:00
BATTERY LOW

N

ispl €
m Low Battery Manu Display €T
7 DRIVE UNIT MENU ¥ P155 1300RPM (60H:) 160T
) in Di Engine | System |PID gain
Logo Display Main Display ty?:ge olscupa se(gpg
P10 1500RPM (50Hs
PID auto|Datelime| Alram m 5 .| P180 1800RPM (60Hz) 160T
HYUNDAI seup@|sepll it @] < P323 1500RPN (B0HS) 160T
SREED CONTROLLES DRIVE UNIT MENU 4 [l
$IN:00800-000 s
Software Verzion ¥3.00- 000000 Actuator| Defauk ?3’5'9"‘
test @|setupg@|intc @
SETRUNRON 0000
LCD System 000C pesy
setup @ |monitor(® [:2] € > 351' OVER SP’ED 000C wwm

RITA 000C em
GEAR NUMDER 0boc
o | STARTING FUEL 0000 #
e | [ RiGHT | TN EABLE
TRMGAIN 20000 ~
m <> AUxENABLE  ofF
AUXSPEED

SPCEO RAMPINS 0000 lm
URRENT

RPM Display

NAL 0000 Kp

0
0000 mzec

SYSTEM ALARM ; J
55" E00-00/00/00 00:00:00 [ Auto Setup Mode
BATTERY LOW B < PID settings?
\ TET
m Low Battery Menu Display SETUP DATEIMFORMATION
\
. s : : «—>|20BE-BH-HH B8R
Logo Display Main Display Engine | System |PID gain GTR -eut
type | setup@|setup@ [EnTcs |- CURSOR MOYE
HYUN DAI PID auto|Datelime| Alram ) m
setup@|setup@| list @ <
SPEED CONTROLLER ——)
$IN:00800-000 ~ e
Software Version ¥3.00 Actuator| Default | System m
test @|setup@|info @
LCD |System AT ATAR
setup @ | menitor® ® ACTUATORTEST

A

puty 0000~
“ VALVE CURRENT 0000 mé
VALVE VOLTAGE 0000 Velr

e ssasssse e

RPM Displa
i smw.coor: oosoo 00330
< > upoxr:omz oomomo
0000

ALRAM COUNT
ENGINE RUN 0000
S ——

ot i s
VALVECURRENT 2102 ma |€—>'<—>{ poueronico  ofF
g B UTOLCDOFF  OFF
PI:KUP VOlTAG: 17.57 vel A
TVOLTAGE ~_Lh0d vo | AT LED OFF tse 00 min

Figure 7: Overall LCD Menu Tree Diagram
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3.2.1 LCD Displays After Powered On

When DC +24V power is supplied to the battery terminal (E (-), F (+)) of the controller, the power LED
in the front side of the controller turns on in red and the error LED turns on in red where there are fault
conditions. At this moment, the LCD display is not activated and HYUNDAI logo will appear for 1 second
followed by the operation display after pressing the LCD button.

The controller will start control based on information from pick-up sensor and other input devices and
designated parameter values. At this moment, where breakdowns of the surrounding devices or system

errors occur, the LCD display will show such errors and processing messages.

Step 1) DC +24V power supply to the terminals E (-) and F (+)

When DC +24V power is supplied to the terminals E (-) and F (+), the controller will start to operate with
the LCD display off. After pressing the LCD button, HYUNDAI logo will appear for 1 second as shown
below followed by the controller operation display. Then, the LCD display will switch between on and off

by pressing the LCD button.

Figure 8: HYUNDAI Logo

HYUNDAI

SPEED CONTROLLER
S$IN:00B00-000
Software Verzion V3.00-000000

Step 2) The operation display will show 1 second after the logo appears.

Droop IDLE
TRIM  AUX

v

mm 2000 ’.00 { 00 Displays year and time
Displays the remaining m 00:00:00

>
fuel of the actuator % 0 0 00 <——e Displays set RPM

Displays selected g | [AJ [R5 AL

engine model
Displays the operation c—> m 0 0 0 0 RPM

hours while the system
is on

Displays operating RPM

Figure 9: Operation Display
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3.2.2 LCD Main Menu Display

Displays main menu screen of the controller

The main menu of the controller has 10 sub-menus.

1)

2)

3)

4)

5)

6)

7)

8)

9)

-

Engine
lupe B

Susterm
setup @

PID gair
setup g

PIO auta
setup ey

OateTirme

setup

R E
list

Engine type

fctuatar
test @

Oefailt
setup

[ DRIVE UNIT MENU |

System
info g

LCD
setup @

Swstem
manitor

Menu 1: Main Menu of the Controller - 1 to 2

The controller can start operation once the initial system values are configured.

Users can load preset values depending on types of the engines by selecting the type.

System setup

It consists of sub-menus related to system settings including

RUN/IDLE/OVERSPEED/CRANK/GEARNUMBER.

PID gain setup

It consists of sub-menus to designate Kp, Ki and Kd parameter values related to the engine PID

control.

PID auto setup

It offers function for automatic designation of Kp, Ki and Kd parameter values related to the

engine PID control.

DateTime setup

It offers function for users to move to the screen for designating year, month, day and hour.

Alarm list

It offers function for users to move to the alarm display for the alarm list.

Actuator Test

It offers menu to test the impedance (X,) of the actuator and any problems in operating load

current. It displays current and voltage according to the duty values.

Default setup

It offers menu to apply designated default values to the selected engine.

System info

It offers menu that shows information of the controller. Such information includes the serial

number, software version, last update date, alarm count and engine runs.
10) LCD setup
It offers menu to configure LCD operating conditions including brightness, auto on/off and off

hours.

11) System monitor

It offers menu to monitor the controller operation. It shows values for Engine RPM, Valve Duty,

Valve Current, Aux RPM Input, Pickup Voltage and Bat Voltage.
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3.2.3 Engine Type Setup Menu

This menu offers function to configure setting values of the controller depending on types of the

engines in advance and apply such preset values to the selected engine.

DES3 1500RPM (50H2) 123T
DE53 1800RPM (60H2) 123T
POS6 1500RPM (S0H2) 102T
PO36 1300RPM (60H2) 102T
POS6 1S00RPM (50H2) 140T
PO36 1S00RPM (60H2) 140T

POS6 15S00RPM (S0H2) 146T
POSE 1S00RPM (60H2) 146T
P126 1500RPM (50H2) 152T
P126 1800RPM (60H2) 152T
P153 1500RPM (S50H2) 160T

P180 1500RPM (50Hz2) 160T
P130 1300RPM (60H2) 160T
P222 1500RPM (50H2) 160T
P222 1800RPM (60H2) 160T

P153 1800RPM (60H2) 160T

Menu 2: Engine Type Selection Menu

3.2.4 System Setup Menu

System Setup Menu Display of the Controller

It consists of sub-menus for the system configuration items of the controller including the one for

configuring RUN/IDLE/OVERSPEED/CRANK/GEAR NUMBER related to RPM setting. Depending on
additional functions, users can designate values for STARTING FUEL/SPEED RAMPING/ACTUATOR
MAX/LOW BATTERY.

1)

2)

3)

4)

Sv'STEM SETUP SSTEM SETUR SvSTEMSETUR
SETRUMRBPM 0000 ReH TRIM ENAELE an SPEED RAMPING 0000 ke 2
ZET IDLE HPM_ 000 rem TRIM GAIN =000 = MaX CURRENT Q000 &
SET OWER SPZED G000 reH ALl EMAELE QOFF LOw BATTERY 0000 v
E?ﬁﬂ'ﬂﬂﬁg?&" Eggg RPH QPUE}é%pEE.EﬂPINngggg KFH DROOP GAIN ooon =

RFH F-LOADCURR., Q000
ETARTING FUEL 0000 * O Fl&z CURRENT Q00 & 0 M-LOAD CURR. 0000 » 0

Menu 3: System Setup Menu - 1 to 3

SET RUN RPM
Users can designate normal speed (target RPM) of the engine.
Users need to input different normal speed values depending on the specification of the selected
engine.
SET IDLE RPM
Users can designate the idle speed values of the engine as RPM.
Users need to input values to control the idle operating speed of the engine.
SET OVER SPEED
Users can designate RPM values to activate engine protection function when the speed exceeds
the normal level (target RPM) and reaches the overspeed range that may cause problems to the
engine.
When the engine RPM reaches the over speed RPM range, the engine immediately stops with error
messages and alarms.
CRANKING RPM

Users can designate RPM values to activate the actuator when the engine starts to operate.
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5) GEAR NUMBER
Users can input the number of flywheel teeth in the engine to the controller so that the controller
can calculate the accurate RPM depending on the values of the pick-up sensor from the engine.
6) STARTING FUEL
Users can designate the amount of fuels used when the engine starts to operate and the operating
current for the controller to activate the actuator changes based on these values.
7) AUX SPEED
Users can adjust values to ensure safe operation of the engine based on the AUX signal values
when AUX is enabled.
8) SPEED RAMPING
Users can input ratio values of speed changes when the speed increases or decreases in the idle
condition of the engine.
9) MAX CURRENT
Users can designate the maximum operating current for the actuator of the engine.
10) LOW BATTERY
It measures the battery voltage supplied to the controller. When the measured values are lower
than the present voltage values, it will be alarmed. Usually, the acceptable battery voltage is
between 20 and 22V (without load).
11) DROOP GAIN
Users can designate the droop values applicable to maximum load based on the current
consumption of the actuator.
12) F-LOAD CURR
Users can designate the maximum current values when the generator is in full load.
13) N-LOAD CURR

Users can designate the operating current values of the actuator when the generator has no load.

3.2.5 PID Gain Setup Menu
Users can input Kp, Ki and Kd values as inputs to the PID control of the engine. Kp means proportional
values while Ki means integral of the proportional values and Kd means differential of the proportional

values.

PID GAIN SETUP
PROPORTIONAL 0000 Ky

INTEGRAL 0000 Ki
DERIVATIVE 0000 K4
SAMPLINGTIME 0000 mzec

Menu 4: PID Gain Setup Menu
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3.2.6 PID Auto Setup Menu

The menu offers function for automatic designation of the P, | and D parameter values related to the
engine PID control.
After starting the engine, select DRIVE UNIT MENU in the main menu while the engine has no load
and then PID auto setup menu, press Enter. Then, the system message shows “Auto Setup Mode PID
setting?” with YES or NO option. If you select YES, the controller will repeatedly change the RPM to
automatically calculate the optimized P, | and D values.

If the controller identifies the optimized P, | and D values within 30 cycles, it will display “PID Auto
Setup Complete, OK". When you press Enter, it will apply tuned P | and D values and close the menu.

If the controller fails to identify the optimized P, | and D values within 30 cycles, it will display “PID

No Successful, OK”. When you press Enter, it will apply the final P, | and D values and close the menu.

PIDAUTO SETUF MODE
100 W]
+ 50
>0
- 50
-100
ESPONSE 0000 zec MR
Elsnmt 0000 zec RN
VERSHOOT 0000 % : J

Menu 5: PID auto setup menu

3.2.7 Date/Time Setup Menu
Users can designate year, month, day, hour and minute for the controller and the designated time will

be used to monitor the system and manage fault messages.

SETUP DATE IMFORMATION
Eﬂl’li'l UCE I CCE e i

RIS L LY LI e YD

[BEng] -emiy
[EnTes | - CURSOR MOVE

Menu 6: DATE/TIME SETUP Menu

3.2.8 Alarm List Menu
This menu displays year, month, day, hour and minute for the errors in the controller and types of the

faults in codes which are used in troubleshooting.

Qoo EO0 0000 O0c00:00
Qoo, EOQ Q000 000000

Qoo E00 0000 Q00000
ooo. EQd 00 a0 o000

oo, E00 0000 0000000
ooo, E00 QoS00 Qdco0:00

Menu 7: ALARM LIST Menu
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3.2.9 Default Setup Menu

When you cannot identify the type of the control engine by the controller, this menu offers the most
common parameter setting values. For default setup, select YES and then press Enter button. If you don't
want to implement this function, press No button.

If you press YES, all the configuration values will be changed to the default ones of the engine.

A Initialization system
* d|settings?

| YES| | NO |

Menu 8: Default Setup Menu
3.2.10 System Info Menu

The controller displays its information including the serial number, software version, last update date,

alarm count and engine runs.

SYSTEMINFORMATION

SERIALCODE  00EO0Q-000
VERSION V3.00-000000

UPDATE DATE 00/00/00
ALARM COUNT 0000
ENGINE RUN 0000

Menu 9: System Info Menu

3.3 Engine Configuration
3.3.1 Engine Type Configuration

Users can store control setting information depending on types of the engines in the internal memory
of the controller. If you select your engine type, applicable parameters will be automatically configured
accordingly. This feature is available for 21 different types of engines.

Designated Parameters by Engine Type (Land use)

No Menu Name Run RPM Over Speed Gear Starting PID Value
Teeth Fuel

1 DB58 1500RPM (50Hz) 129T 1500RPM 1725RPM 129 65% Optimized Value
2 DB58 1800RPM (60Hz) 129T 1800RPM 2070RPM 129 65% Optimized Value
3 P086 1500RPM (50Hz) 102T 1500RPM 1725RPM 102 65% Optimized Value
4 P086 1800RPM (60Hz) 102T 1800RPM 2070RPM 102 65% Optimized Value
5 P086 1500RPM (50Hz) 140T 1500RPM 1725RPM 140 65% Optimized Value
6 P086 1800RPM (60Hz) 140T 1800RPM 2070RPM 140 65% Optimized Value
7 P086 1500RPM (50Hz) 146T 1500RPM 1725RPM 146 65% Optimized Value
8 P086 1800RPM (60Hz) 146T 1800RPM 2070RPM 146 65% Optimized Value
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9 P126 1500RPM (50Hz) 152T 1500RPM 1725RPM 152 65% Optimized Value
10 P126 1800RPM (60Hz) 152T 1800RPM 2070RPM 152 65% Optimized Value
11 P126 1500RPM (50Hz) 106T 1500 RPM 1725RPM 106 65% Optimized Value
12 P126 1800RPM (60Hz) 106T 1800 RPM 2070RPM 106 65% Optimized Value
13 P158 1500RPM (50Hz) 160T 1500 RPM 1725RPM 160 65% Optimized Value
14 P158 1800RPM (60Hz) 160T 1800 RPM 2070RPM 160 65% Optimized Value
15 P158 2350RPM (60Hz) 160T 2350 RPM 2467RPM 160 65% Optimized Value
16 P180 1500RPM (50Hz) 160T 1500 RPM 1725RPM 160 65% Optimized Value
17 P180 1800RPM (60Hz) 160T 1800 RPM 2070RPM 160 65% Optimized Value
18 P180 2350RPM (60Hz) 160T 2350 RPM 2467RPM 160 65% Optimized Value
19 P222 1500RPM (50Hz) 160T 1500 RPM 1725RPM 160 65% Optimized Value
20 P222 1800RPM (60Hz) 160T 1800 RPM 2070RPM 160 65% Optimized Value
21 P222 2350RPM (60Hz) 160T 2350 RPM 2467RPM 160 65% Optimized Value
Designated Parameters by Engine Type (marine use)
No Menu Name Run RPM Over Gear Teeth starting PID Value
Speed Fuel
1 ADO66TI 1500RPM (50Hz) 129T 1500 RPM | 1725RPM 129 60% Optimized Value
2 ADO66TI 1800RPM (60Hz) 129T 1800 RPM | 2070RPM 129 60% Optimized Value
3 ADO86TI 1500RPM (50Hz) 140T 1500 RPM | 1725RPM 140 60% Optimized Value
4 ADO86TI 1800RPM (60Hz) 140T 1800 RPM | 2070RPM 140 60% Optimized Value
5 AD126TI 1500RPM (50Hz) 152T 1500 RPM | 1725RPM 152 60% Optimized Value
6 AD126TI 1800RPM (60Hz) 152T 1800 RPM | 2070RPM 152 60% Optimized Value
7 | 4AD126TIF 1500RPM (50Hz) 106T | 1500 RPM | 1725RPM 106 60% Optimized Value
8 | 4AD126TIS 1800RPM (60Hz) 106T | 1800 RPM | 2070RPM 106 60% Optimized Value
9 AD136 1500RPM (50Hz) 140T 1500 RPM | 1725RPM 140 60% Optimized Value
10 AD136 1800RPM (60Hz) 140T 1800 RPM | 2070RPM 140 60% Optimized Value
11 AD136T 1500RPM (50Hz) 140T 1500 RPM | 1725RPM 140 60% Optimized Value
12 AD136T 1800RPM (60Hz) 140T 1800 RPM | 2070RPM 140 60% Optimized Value
13 AD136TI 1500RPM (50Hz) 140T 1500 RPM | 1725RPM 140 60% Optimized Value
14 AD136TI 1800RPM (60Hz) 140T 1800 RPM | 2070RPM 140 60% Optimized Value
15 AD158TI 1500RPM (50Hz) 160T 1500 RPM | 1725RPM 160 60% Optimized Value
16 AD158TI 1800RPM (60Hz) 160T 1800 RPM | 2070RPM 160 60% Optimized Value
17 |  4AD158TI 1500RPM (50Hz) 160T 1500 RPM | 1725RPM 160 60% Optimized Value
18 | 4AD158TI 1800RPM (60Hz) 160T 1800 RPM | 2070RPM 160 60% Optimized Value
19 AD180TI 1500RPM (50Hz) 160T 1500 RPM | 1725RPM 160 60% Optimized Value
20 AD180TI 1800RPM (60Hz) 160T 1800 RPM | 2070RPM 160 60% Optimized Value
21 AD196TI 1500RPM (50Hz) 152T 1500 RPM | 1725RPM 152 60% Optimized Value
22 AD196TI 1800RPM (60Hz) 152T 1800 RPM | 2070RPM 152 60% Optimized Value
23 AD222TI 1500RPM (50Hz) 160T 1500 RPM | 1725RPM 160 60% Optimized Value
24 AD222TI 1800RPM (60Hz) 160T 1800 RPM | 2070RPM 160 60% Optimized Value
25 | 4AD222TI 1500RPM (50Hz) 160T 1500 RPM | 1725RPM 160 60% Optimized Value
26 | 4AD222TI 1800RPM (60Hz) 160T 1800 RPM | 2070RPM 160 60% Optimized Value

Table 1: Configuration Values by Engine Type
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Engine Configuration Procedure

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step?2) Select Engine Type by using Up and Down buttons in DRIVE UNIT MENU and then press Enter

button.

Erngine
tupe g SR =] 2

PID auta|DateTime
setup gp| setup @

oyustem

PID gain
setup B

Alarm
list

C

)

Step3) Go to Engine Type menu and select your engine type using Up and Down buttons. Then, press

Enter button. At this moment, setting values according to the selected type of the engine are

designated and will be used as information for the controller to control the actuator.

DES3 1500RPM (50H2) 123T
DES3 1800RPM (60H2) 123T
POS6 1S00RPM (50H2) 102T
P06 1800RPM (60H2) 102T
PO36 1500RPM (S50H2) 140T
P06 1S00RPM (60H2) 140T

SELECT ENGINE MODEL

POS6 1500RPM (S0H2) 146T
POS6 1S00RPM (60H2) 146T
P126 1S00RPM (50H2) 152T
P126 1800RPM (60H2) 152T
P153 1500RPM (50H2) 160T
P153 1300RPM (60H2) 160T

P180 15S00RPM (50H2) 160T
P180 1800RPM (60H2) 160T
P222 1500RPM (50H2) 160T

P222 1300RPM (60H2) 160T

Menu 10: Selection List by Engine Type

3.3.2 System Setup Configuration
Main setting items of the controller includes GEAR NUMBER, CRANKING RPM and SET RUN RPM.
You need to designate setting values to these items. Other system setup items are optional and therefore

you can designate values for those items as necessary.

® Configuring SET RUN RPM
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select SET RUN RPM in SYSTEM SETUP menu and then press Enter button. Use Up and Down

buttons to increase or decrease the normal operating speed of the engine and then press Enter button.

(- ™\ ( ™\

SvaTEMSETUR

ZET FUM PP MY o000 reH
ZET IDLE RPM 000 krm
ZET OVER SFZED Q000 rFH
CREAMEIRNG BEPP Q0050 krH

GEAR NUMEER 0000
ETARTIMNG FUEL Q00 .

® Configuring SET IDLE RPM
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Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select SET IDLE RPM in SYSTEM SETUP menu and then press Enter button. Use Up and Down
buttons to increase or decrease the idle operating speed of the engine and then press Enter
button.

(. ) ( A

SYSTEMSETUR

SET RUM FPM 0000 RPH
ZET IOLE RPI [ ufu]

IET OWVER FIED QOQ0 men
CR&MEING RFM Q000 een
GEAR NUMEER 0000
ETAETIMNG FUEL 0000 = =

® Configuring SET OVER SPEED
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select SET OVER SPEED in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to increase or decrease the over speed values of the engine and then press Enter
button.

(s B s ~

SV STEMSETLR
ZET RUM BPM Q000 erH
LZET IDLE BRPIM Q000 kRPH
XET OVER SFZED 00010 rrH

CRAMEING REFM 00010 ken
GEAR NUMEBER Q000
ETARTING FUEL 0000 =

® Configuring CRANKING RPM
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select CRANKING RPM in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to increase or decrease the RPM values at which the controller starts to control the

actuator when the engine starts to operate and then press Enter button.

(- ™\ e

SvVSTEMSETUR
SET RUMEPM 0000 rem
SET IDLE RPR 0000 ke

FET OWER SPZED 0000 kFH
CRE&SMEING BFMW Q000 kA

GEAR NUMEER 0000
ETARTING FUEL 0000 = =
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® Configuring GEAR NUMBER

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select GEAR NUMBER in SYSTEM SETUP menu and then press Enter button. Use Up and

Down buttons to increase or decrease the number of gear teeth in the engine and then press Enter

button.

SYSTEMSETUP
SET RUMPPM 0000 rem [*
ZETIDLE RPM 0000 kpm
LET OVER ZPZED QQ0Q) ren
CRAMKING RPMW 0000 ke
GEAR NUMGER 0000
STARTIMG FLUEL 0000 = |

- J - 14

® Configuring STARTING FUEL

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select STARTING FUEL in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to increase or decrease the percentage for the amount of fuel sprayed when

the engine starts and then press Enter button.

r

f

SY'STEMSETLP
ZET RUM EPRY 0000 reH S
ZET IDLE RPM 0000 reH
*ET OVER PZED Q000 rrH
CRANKING RFM 0000 ken
GEAR NUMEBER Q000

ETAETING FUEL Qoo < 0

- ) . J

® Configuring SPEED RAMPING

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select SPEED RAMPING in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to increase or decrease the ratio of changes to the speed when increasing

from the idle speed or decreasing from the increased speed and then press Enter button.

Sy STEMSETUP
ok |
Engine PI0 gain TRIM ENABLE oM
Wp% o [ setl.?pg TRIM GAIN | =000 =
e
. + KFH
PI0 zuta (DateTime | Alarm ZPEED BAMPING 0000 eFH
setupgy| zetup@| list @ &% CURRENT 0000 A |5
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® Configuring MAX CURRENT

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step?2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select MAX CURRENT in SYSTEM SETUP menu and then press Enter button. Use Up and Down
buttons to increase or decrease the limit of the maximum current consumption of the actuator
and then press Enter button (Max. 10A).

~

IJFII'U'E UNIT MENU I: a3 TEM SETUFR

TREIM ENAELE mly)
TRIM GAIN +0000 =
ALl ERAELE QFF

AL EPEED +0000 kFH
ZPEED RAMPING Q000 kFH
fAsx CURRENT Q000 A

® Configuring LOW BATTERY

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select LOW BATTERY in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to input voltage values at which low battery alarms are activated and then

press Enter button.

SYSTEM SETUR
SPEED RAMPING 0000 rPH [~

MAAX CURBENT 0000 &
LOw BEATTERY Q000 v

DROOFP GAIN 0ooo0 =
F-LOAD CURR. 0000 &
M-LOAD CURRE. 0000 » 5

® Configuring DROOP GAIN

Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.

Step2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.

Step3) Select DROOP GAIN in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to increase or decrease the RPM values with adjusted ratio to decrease at the

maximum load when the generator is in parallel operation and then press Enter button.

N\ (- )

I]FII'U'E UNIT MENU ‘F

SrSTEMSETLIR

EPEED RAMPIMNG Q000 RFH
MAX CURRENT 0000 &
LOw EATTERY Qo0 v

DEOOF GAIN Qoo
F-LOAD CURR. 0000 #
N-LOAD CURR. 0000 # 0
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DROOP Function

Droop function is indicated in percentages as follows: RPM with no load is subtracted by RPM with

maximum load and then divided by RPM with no load.

Droop% =

(Example for 3% Droop)

RPM with no load — RPM with maximum load

RPM with no load

Assuming that RPM with no load is 1,800 and RPM with maximum load is 1,854 then the percentage

will be 3%. It means that the generator output will be changed by 33.3% as the frequency changes

by 1% due to the actuator control.

1920RPM 64Hz
1890RPM 63Hz 61

.8 No Load

1860RPM 62Hz 60.950% Load

T 60.0 100% Load
1830RPM 61H :

Z --.______-‘--

1800RPM 60Hz
1770RPM 59Hz 3% Broop

0 50% 100%

(Example for 7% Droop)

Figure 10: 3% Droop

Assuming that RPM with no load is 1,800 and RPM with maximum load is 1,926 then the percentage

will be 7%. It means that the generator output will be changed by 14.3% as the frequency changes

by 1% due to the actuator control.

1920RPM
1890RPM
1860RPM
1830RPM
1800RPM
1770RPM

64Hz \2?2 No Load
63Hz ||~ | 62.150% Load
62Hz . 60.0100% Load
T~
61Hz ™~
T~

60Hz
59Hz 7 % Droop

0 50% 100%

Figure 11: 7% Droop
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® F-LOAD CURR.
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step?2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select F-LOAD CURR. in SYSTEM SETUP menu and then press Enter button. Use Up and Down

buttons to input the maximum current values of the actuator for the generator with full load

and then press Enter button.

o7 TEMSETUP
SPEED RAMPING 0000 reH [
MAX CURRBENT 0000 »

LO% EATTERY Q000 v
DROOF GAln QOO0 =
F-LOAD CURR. Q000 7

N-LOAD CURR. 0000 & 0

® N-LOAD CURR.
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU.
Step?2) Select System setup menu in DRIVE UNIT MENU using Up, Down, Left and Right buttons
and then press Enter button.
Step3) Select N-LOAD CURR. in SYSTEM SETUP menu and then press Enter button. Use Up and
Down buttons to input the operating current values of the actuator for the generator with no

load and then press Enter button.

STSTEMSETUP
SPEED RAMPING 0000 rrH
A CURRENT 0000 &
LO%w BATTERT 0000 v
DROOP GAIN - 0000 =

F-LOAD CURR. 0000
MN-LOAD CURRE. 0000 A

3.3.3 PID Gain Setup Configuration
® Configuring PID Gain Kp, Ki and Kd Values
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up, Down,
Left and Right buttons to select PID gain setup menu and then press Enter button.
Step2) Use Up and Down buttons in PID GAIN SETUP to select PROPORTIONAL, INTEGRAL or
DERIVATIVE and then press Enter button.
In PID GAIN SETUP, if a user sets the value over than 100 about each P, |, D, we could not
the warrant of the product quality.

e

PID GAIN SETUP
FROPORTIONAL 0000 K
I NTEGRAL o000 ki

DERIVATIYE o000 k4
EAMPLING TIME 0000 mzec

Page 29



® Configuring PID SAMPLING TIME
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up,
Down, Left and Right buttons to select PID gain setup menu and then press Enter button.
Step2) Use Up and Down buttons in PID GAIN SETUP to select SAMPLING TIME and then press

Enter button. Use Up and Down buttons to input SAMPLING TIME values and then press
Enter button.

PID GAIN SETUR
Engine | Sustem |[gtE=Ely ;'EIF'EERFIHDN-‘-L :_::_"_::_' K
tupe sety sety| 0000 K
‘P= & ) == P E DERIVATIVE Qo000 Kd
PIO auta|DateTime | &larm SAMPLING TIME Q000 mses
setup | setup @

3.3.4 PID Auto Setup Value Configuration

Step1) Select your type in Engine Type menu and then start the engine with the preset configuration

values maintaining it with no load.

Step2) During the normal operation, press Menu button of the controller and then you can see
DRIVE UNIT MENU. Use Up, Down, Left and Right buttons to select PID auto setup menu
and then press Enter button.

Step3) The menu offers function for automatic designation of the P | and D parameter values related
to the engine PID control. Select PID auto setup menu in DRIVE UNIT MENU and then press
Enter button to see the system message “Auto Setup Mode PID setting?” with YES or NO

options.
Auto Setup Mode Engine | Sustem | PID gain
PID settings? tYPe @[ sEUpa) setup e
W= (7o) SINEWE (atelime| Alarm
NO 0T 4| setup @] list @

Step4) Press YES and then the system message “PID AUTO SETUP MODE" will appear. As PID auto
setup was initiated during the operation, PID auto tuning is already in progress.
PIDAUTO SETUP MODE

» )

.35 1502
»0 /

- 25

- 50

OVER SHOOT 127

RISE TIME 0.65 sec

SETTLING TIME 1.98 2¢c
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Step5) PID tuning repeats a process to obtain PID values and a window to indicate whether the
process succeeded or failed will appear in several minutes (approx. 4 to 6 minutes). If the
process succeeded, the system message window will appear together with OK button. If you
press Enter button, you will go back to normal operation window and the auto-tuned values
will apply to the normal operation that will be continued.

Step6) If auto-tuning failed to identify optimized P | and D values within 4 to 6 minutes, the
system message window will display failure. If you press Enter button, you will go back to

normal operation window. If you want to repeat the process, you need to start with Step1

again.
PID Auto Setup PID Auto Setup
Complete Not Successful
oK oK

3.3.5 DATE/TIME Value Configuration
Step1) press Menu button of the controller and then you can see DRIVE UNIT MENU. Use direction
buttons to select DateTime setup menu.
Step2) Use Up, Down, Left and Right buttons to input year, month, day and hour and then press

Enter button.

SETUP D&T( IMFORMATION

Engine | Sustem |PID gain
tupe gl setup@| setup B

PID zuto ((RELEIGEY Slarm
setup g |EEMS =] list @&

o s umnm

L NCE N L i WO [ x

[FEwy] -gmr
-CURSOR MOVE

3.3.6 ALARM LIST
Step1) press Menu button of the controller and then you can see DRIVE UNIT MENU. Use direction
buttons to select Alarm List menu and then press Enter button.
Step2) Use Up, Down, Left and Right buttons in ALARM LIST menu to confirm the fault messages.

Ergine | Sustem |PID gain|| ||o00. Eoo o000 o000

000, QD 00400 00:00:00

WPEe 6| SEWPE SSLPE G Fog 0000 D0:00:00

PID auta [DateTime B 0oo. E00 00700 Q0:00:00

zetin e | zetun e 000, EOD 0000 00:00:00
e PERE )| || 000 Eoo o000 00:00:00 [5]
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[Alarm Code Table]

Alarm

operation (Engine RPM 600 or higher)

Alarm Item Description Identified Alarm Output
Code

When the battery voltage continues to be lower than | LCD alarm message,
EO1 Battery Low

Low Battery voltage values for more than 5 seconds | Error LED lamp

When the battery maintains its voltage exceeding | LCD alarm message,
E02 Battery High

30VDC for more than 5 seconds Error LED lamp

Problems in sensor signals when the engine starts. | LCD alarm message,
E03 Pick-up Error

(Engine RPM lower than 600) Error LED lamp

Problems in sensor signals during the engine | LCD alarm message,
EO4 Pick-up Error

Error LED lamp

EO5 Actuator Current Short

Disconnection in the actuator or the

connecting circuits

LCD alarm message,

Error LED lamp

E06 Actuator Current Broken

Short-circuits in the actuator or the connecting

LCD alarm message,

(Engine RPM higher than 600rpm)

circuits Error LED lamp
Engine RPM exceeding the configured over speed | LCD alarm message,
EQ7 Over Speed
values Error LED lamp
Damages to components in the actuator output | LCD alarm message,
E08 FET Drive Error
section inside the controller Error LED lamp
) Pick-Up signal lost. LCD alarm message,
E09 Pick-Up Lost

Error LED lamp

3.3.7 Actuator test

The menu offers function to test whether there is any problem in operating load current of the

actuator attached to the engine. It indicates voltage and current for on/off.

3.3.8 Default setup Functions
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up,
Down, Left and Right buttons to select Default setup menu and then press Enter button.
At this moment, the system message “Initialization system setting?” will appear.
Step2) Use Left and Right buttons to select either YES or NO in System Message and then press

Enter button.

Actuator ([EEERL

Initialization system

setup g settings”?
LCO Sustem
Y N
SEtUP I | monitor 12 Lte) Lo

Default setup will change the configuration values of the engine to the default values. In order to
initiate default setup, you need to select YES and then press Enter button. Press No button if you

don't want to.
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3.3.9 System info Functions
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up,

Down, Left and Right buttons to select System info menu and then press Enter button.

(3 D) e N\

SYSTEMINFORMATION

Actustor| Default

SERIAL CODE QOEQQ-000

test @l setup e (i YERSION )0 - 000
UPDATE DATE  00/00/00
LCD Sustem ALARM COUNT 0000

SEtUP 0 | monitorgE ENGINE RUN 0000

C J C J

The menu displays information of the controller and the information includes the serial number,

software version, last update date, alarm count and engine runs.

3.3.10 LCD setup Functions
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up,
Down, Left and Right buttons to select LCD setup menu and then press Enter button.
Step2) Use Up and Down buttons to select menus including LCD BRIGHTNESS and LCD CONTRAST
for adjustment and then press Enter button. Use Up and Down buttons to input setting values

and then press Enter button.

fctuator| Oefault | Sustem LCD BRIGHTNESS 000 %
test gl setupgg| infto g LCD CONTRAST 000 %
- POWER ON LCD OFF
!;':EF o Jystem AUTOLCDOFF _ OFF
ISR Sy 10| menitar (KD B AUTO LCD OFF TIME 00 min

3.3.11 System monitor Functions
Step1) Press Menu button of the controller and then you can see DRIVE UNIT MENU. Use Up,
Down, Left and Right buttons to select System monitor menu and then press Enter button.
It offers menu to monitor the controller operation. It shows values for Engine RPM, Valve Duty,
Valve Current, Aux RPM Input, Pickup Voltage(Peak Value) and Bat Voltage.
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4. How to Operate

4.1 Operating Sequence for Digital Speed Controller
STEP1) Supply DC +24V power to the battery terminals (E (-), F (+)) of the controller.

STEP2) Configure parameter values required for selection of the engine type and control of

the engine.

STEP3) Install the controller on the generator system and complete circuit wiring.

STEP4) The controller will activate the actuator with power supply and pick-up sensor input.

4.2 Detailed Operating Sequence

STEP1) Supply DC +24V power to the battery terminals (E (-), F (+)) of the controller.
Power supply to the controller can be done by direct connection to the battery or power supply
controlled by external control devices. Fuses (15A/24V) are required for power supply to the controller
through the terminal.
When the controller displays Low Battery Fault message, you need to charge the battery or replace it
with the one having normal voltage before starting the controller.
STEP2) Configure parameter values required for selection of the engine type and control of
the engine.
There are 3 ways to configure parameters required for the controller:
1. Using default setup
2. Designating the engine type in Engine Type menu
3. Configuring each parameter in System setup menu
For more information, see Chapter 3. Configuration and Operation.
STEP3) Install the controller on the generator system and complete circuit wiring.
Once the configuration is completed, the controller will be in Stand By condition preparing to receive
input information from pick-up sensor and surrounding terminals and operate.
STEP4) The controller will activate the actuator with power supply and pick-up sensor input.
When the power is supplied and the pick-up terminal delivers normal sensor inputs as the engine

starts, the controller activate the actuator.
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5. Troubleshooting

5.1 Alarm List Check

Where there are problems in the system operation, you need to review the alarm list menu of the
controller and then check the engine and the system in reference to the alarm codes.

Land/marine

Alarm
Alarm Item Alarm Condition Output Control Measures
Code
When the battery voltage continues
1. Alarm message pop-up .
to be lower than Low Battery 1. Check the battery line
EO1 Battery Low on LCD
voltage values for more 2. Replace the battery
2. Error LED on
than 5 seconds
When the battery maintains its | 1. Alarm message pop-up .
. . 1. Check the battery line
E02 Battery High voltage exceeding 30VDC for more on LCD
2. Replace the battery
than 5 seconds 2. Error LED on
. . 1. Alarm message pop-up
Problems in sensor signals when LD 1. Check the RPM sensor
on
EO3 Pick-up Error the engine starts and connecting circuits
. 2. Error LED on
(Engine RPM lower than 600) . 2. Replace the RPM sensor
3. Actuator control signal off
) . . 1. Alarm message pop-up
Problems in sensor signals during LD 1. Check the RPM sensor
on
E04 Pick-up Error the engine operation and connecting circuits
. ) 2. Error LED on
(Engine RPM 600 or higher) . 2. Replace the RPM sensor
3. Actuator control signal off
1. Check the disconnection
. o 1. Alarm message pop-up .
Actuator Current | Disconnection in the actuator or in the actuator and
EO5 . L on LCD . L
Short the connecting circuits connecting circuits
2. Error LED on
2. Replace the actuator
1. Check the disconnection
o 1. Alarm message pop-up .
Actuator Current | Short-circuits in the actuator or the in the actuator and
EO6 . o on LCD . o
Broken connecting circuits connecting circuits
2. Error LED on
2. Replace the actuator
1. Alarm message pop-u
. . 9¢ pop-up 1. Check the speed setting
Engine RPM exceeding on LCD . .
EQ7 Over Speed . 2. Adjust PID setting
the configured over speed values 2. Error LED on |
values
3. Actuator control signal off
. 1. Alarm message pop-up
Damages to components in the LD 1. Check the actuator and
on
E08 FET Drive Error actuator output section inside the connecting circuits
2. Error LED on
controller 2. Replace the controller
3. Actuator output power cutoff
1. Alarm message pop-u
) ) 9¢ pop=up 1. Check the RPM sensor
. Pick-Up signal lost. on LCD . o
E09 Pick-Up Lost . . and connecting circuits
(Engine RPM higher than 600rpm) | 2. Error LED on
2. Replace the RPM sensor
3. Actuator output power cutoff

1) When problems described in alarm codes E03, E04, EQ7, EO8 or E09 occur, the engine is not available
for safe operation and therefore the engine will stop as the controller will turn off the actuator for

safety.
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2) When problems described in alarm codes E03, EO4, EO7 or EO8 occur, the engine will not be able
to restart as long as the alarm is not released.

3) When alarms occur, you can release them by turning off the power of the controller.

5.2 System Checks and Measures
For initial installation, it is recommended for you to check any disconnection in circuits before taking

measures described here (see Chapter 2. Installation for how to install the controller).

You can check the controller for failure diagnosis in accordance with the following procedure.

Step1) Check the battery voltage whether it is higher than the Low Voltage setting value. If normal, supply
power to the controller and then operate it. If the voltage is lower than the setting value, you

need to charge the battery or replace it before operating the system.

Step2) Check the input resistance in the DC +24V input terminals (-E, +F) of the battery whether the
resistance is higher than approx. 10K Ohm. If the resistance does not meet this condition, do

not supply power to the controller and contact our A/S center for service request.

Step3) Check whether the power LED turns on or not after supplying power to DC +24V input terminals
(-E, +F) of the battery. If the LED does not turn on, cut the power off and contact our A/S center

for service request.

Step4) Check whether the power LED turns on and HYUNDAI logo appears on the LCD display after
supplying power to DC +24V input terminals (-E, +F) of the battery. If you cannot see the logo,
press LCD key button to check the LCD display once again. If you cannot still see the logo, cut
the power off and contact our A/S center for service request.

Step5) Check the controller terminals (C & D) with AC meter or oscilloscope to check whether signal
inputs of AC RMS 3V or higher are detected. If no signal detected, check whether the pick-up
sensor maintains the gap between 0.9 and 1.Tmm and then check whether the pick-up sensor has
resistance of 110 Ohms (£10%). If you cannot still detect no signal, replace the pick-up sensor and

then operate the controller.
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6. Warranty and A/S Service
6.1 Warranty

As this manual contains important contents related to safety, use and maintenance of the product. So please

read this manual carefully and then use the product in a proper manner.

Those who are not familiar with the product should keep this manual close to it.

We are not responsible for human injuries or property damages caused by the following reasons:

Where you use the product for purposes other than the ones described in this manual
Where you alter the product or its components at discretion
Where you disassemble the product at discretion to resolve problems

Where you use accessories or parts not supplied or recommended by us

¥ Where you use accessories or parts manufactured by other companies, please contact our service

center to check their compatibility.

6.2 A/S Service Information

When you request A/S service, please let us know the model name, breakdown conditions and your
contact information.

Please ask the seller.
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1.General Information

1.1 Product Information

The name of the product model is a digital panel applicable to ships, generators and other various
marine engines. The product is intended to improve problems of existing analog panels and allow users
to check engine controls and conditions by means of a digital visualization product. It provides

information in analog graphic gauges and digital displays for enhanced user experiences.

1.2 Components and Optional Accessories

Components Optional Accessories

@ CCTV (Analog)

@ Digital Panel
(2 Desk Mounting (3 Flush Mounting
Type Bracket Type Bracket
C o @ Coaxial Cable (Shielded)
@ Key x 2 (B Desk Mounting Type
Parts X 2

Digital Panel

Manual

® Manual

HY-DP-MANUAL-001 3



1.General Information

1.3 Product Specification

““

1

10

11

Digital Panel Specification

Microprocessor

Software

Display

Flash Memory

RAM
Operating Voltage
USB
Operating Temperature

Internal Buzzer

Communication

Dimensions

HY-DP-MANUAL-001

Cortex-A8, dsPIC33FJ256
Windows CE 6.0 R2

10.2” Color TFT LCD
800 * 480 (Pixels)
16:9

256MB (Flash)
8GB (MicroSD card)

512MB

DC 24V (16 to 30V)
USB 2.0 1 Port

- 20°C to 70°C
Piezo Buzzer 98dB

J1939 CAN Communication
RS232

W 343.5 x H 270.5 x D 120

[Table 1-1]



2. Product Installation

2.1 Cautions

® Unskilled personnel should read this manual before use.
® Do not use or keep the product close to combustible sprays or inflammable.
® Use soft and dry cloth to clean the monitor.

® Turn off the product, pull out the harness cable and then contact our service center when you

see smoke from the monitor or have strange smells.
® \When you see an alarm on, you always need to check the product before operation.

® Do not disassemble the product cover at discretion (warranty does not cover unauthorized

disassembly).
® Excessive impact may damage the display although a reinforced display is used.
® Use connectors matching each other when connecting them to the back of the product.

® Do not contact or remove connectors while the power is on. It may cause electric shock or lead

to malfunction.
® Do not exercise excessive force when rotating to ON/OFF with the key inserted.
® Do not use the product with wet hands.

® Use protective caps for back side connectors that are not used.

HY-DP-MANUAL-001 5



2. Product Installation

2.2 Desk Mounting Type

Desk Mounting types are installed in the bridge by using desk mounting brackets delivered with the

c Wave Washer

Rotation Lock

product.
X Mounting Hole Spec: M6 bolt

Fix Handle

Mounting Hole

Bracket
[Fig. 2-1] Desk Mounting Type Diagram

» Installing Desk Mounting type digital panel

® Check whether the bridge has engine harness wiring.
Bracket connected

with the rotation lock

@ Use the mounting hole to fix the bracket in a place
within reach of the engine harness wiring.

[Fig. 2-2]

® Place the product inside the bracket connected with
the rotation lock to connect it with the rotation lock.

@ Put the wave washer in the fix handle and connect it
with the fix handle to the direction indicated by an
arrow and adjust the viewing angle of the LCD.

@
¥ Where there are things to which the product can be @ho
fixed, use spare holes with the bolt or other

accessories.

Spare Holes

[Fig. 2-3]

HY-DP-MANUAL-001 6



2. Product Installation

2.3 Flush Mounting Type

- Flush Mounting types are installed in the bridge by using optional mounting brackets (2pcs).
X Bolt Spec: @ M6 @ M8, Length - 12mm

1

Mounting Bracket

[Fig. 2-4] Flush Mounting Type Diagram

» Installing Flush Mounting type digital panel

@ Check whether the bridge has engine harness wiring.

@ As shown in Fig. 2-6, fix the mounting brackets to both sides of the panel.

® Check the location within reach of the engine harness wiring and the mounting location and then
mount the panel using proper bolts.

@ Finish gaps between the product and the structure depending on the mounting conditions and

connect the engine harness (you may connect the engine harness first depending on conditions).

N

Adjust the bracket
depending on the
thickness of the

panel and then fix

it. /

Available thickness
12 to 25t

o>

[Fig. 2-5]
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3. Part Names, Operation and Settings

3.1 Front

©) LCD =

@ Function Keys Page 14

® Key Switch Page 12

@ USB Page 12

® Emergency Stop Page 13

® Start/Stop Button Page 13
[Fig. 3-1] [Table 3-1]

3.2 Rear

@) Power Connector Page 9
@ Signal Connector Page 10
® CAN/RS-232 Page 11
@ External Buzzer Page 11
® Built in Buzzer Page 12
® Fuse Page 12
@ CCTV (Optional) Page 11
GPS (TBD) -
[Table 3-2]

HY-DP-MANUAL-001 8



3. Part Names, Operation and Settings

3.3 External Connection Terminals

External connection terminals are used for inputs and outputs of engine control

signals and each sensor signals.

3.3.1 Power Connector

O 00 N O vl M W N

U I G
A W DO =2 O

Alternator In

Battery (+) (DC 24V)

Starter Signal
Valve Battery (+)
Valve Battery (+)

Starter Signal

Starter Signal

DC 12V Out
DC 5V Out
GND
GND
Battery (+) (DC 24V)

[Table 3-3]

HY-DP-MANUAL-001

Power connector supplies power and power signals.

Iﬂ Pin Description | ___Notes

Battery Voltage

Fuse Input

Power

Fuse Input

POWER CONNECTOR
[Fig. 3-3]



3. Part Names, Operation and Settings

3.3.2 Signal Connector

SIGNAL CONNECTOR
[Fig. 3-4]

m Pin Description mm Pin Description m

Exhaust Gas Temperature

Sensor 1 (+) Spare Analog Input 3

2 Engine Water Temperature _ 20 Pickup Sensor (+) _
Sensor

3 Engine Oil Pressure Sensor - 21 - -

4 Engine Oil Temperature Sensor - 22 - -

5 *Boost Air Pressure Sensor - 23 GND Sensor
Valve

6 *Fuel Level Sensor - 24 Valve Out Control
Signal

7 Spare Analog Input 2 _ 25 Exhaust Gas Temperature _

Sensor 2 (+)
Exhaust Gas Temperature

8 Spare Analog Input 4 = 26 Sensor 2 (1) =
9 Spare Digital Input 1 = 27 Valve Out =
10 - - 28 . -
11 Fuel Leakage Switch = 29 = =
12 GND Sensor 30 = =
13 Exhaust Gas Temperature _ 31 _ _
Sensor 1 (-)

14 Engine Water Pressure Sensor = 32 = =
15  Gearbox Oil Pressure Sensor - 33 - -
16~ *Engine Water Level Sensor - 34 - -
17 *Boost Air Temperature Sensor - 35 GND Sensor
18 Spare Analog Input 1 - - - -
* Sensor for IMO Tier 3 [Table 3-4]
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3. Part Names, Operation and Settings

3.3.3 CAN Communication Connector

«  CAN harness (optional) connection
+ CANT / CAN2 : for multi panels

+  CAN3 : PC communication, firmware download
DI
+12V Out +12V Out +12V Out
2 GND GND GND

3 CAN1T_H CAN1T_H CANZ2_H

CANT1 CAN2 CAN3
[Fig. 3-5]

4 CAN1_L CAN1_L CANZ_L

(O]

Battery (+) Battery (+) PC_RXD1
6 GND GND PC_TXD1

[Table 3-5]

3.3.4 External Buzzer Connector
« Additional connection for external buzzer harness

* Generating external buzzer alarms for warnings

1 Battery (+) — Fuse Output EXT. BUZZER
2 Alarm Out [Fig. 3-6]
[Table 3-6]

3.3.5 CCTV Connector (Optional)

+ CCTV cable (optional) connection

* Installation available up to 2 devices with channels 1 & 2

1 CCTV Signal In

CCTVv1 CCTV2
[Fig. 3-7]

[Table 3-7]
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3. Part Names, Operation and Settings

3.3.6 USB Connector
* USB memory can be inserted for data backup.
(Only FAT32 format available)

Use
[Fig. 3-8]
3.4 Fuse and Internal Buzzer
3.4.1 Fuse
+  Shut down the power for overcurrent exceeding 6A
Press —»
*  Press the fuse button for 10 seconds to restore fuse
operation. FUSE
[Fig. 3-9]

3.4.2 Internal Buzzer

*  Generate alarms for sensor problems

3.5 Key Switch

BUZZER

[Fig. 3-10]

- Key switch is used to boot and turn off the digital panel system or stop the engine.

1) Use the key contained in the product to insert it and
rotate to the right by 90° (ON) (when the key is ON,
the key should remain inserted).

2) When the key is ON, the product will boot and the
gauge display will appear in about 17 seconds.

3) Rotate the key to the left by 90° (OFF) to turn it off.

*  When rotating the key to the left (OFF) while the
power is on, the display will show a popup
message for 300 seconds. The engine will stop and
the event will be saved after 300 seconds.

*  When the popup window appears, rotate the key
to the right (ON) to remove the window and keep

the engine on.

HY-DP-MANUAL-001 12
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Key Switch
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3. Part Names, Operation and Settings

3.6 Start/Stop Button

- Start/Stop button is used to start/stop control for the engine.

1) Press the button for more than 1 second while the key is ON,
the engine will start (the button LED will flash when pressing
the button).

2) Press the button for more than 1 second while the key is ON N’
and the engine is in operation to stop the engine. Start/Stop Button
X You can set the time to 1~3 second for emergency response [Fig. 3-13]

in Digital Panel Manager.
X Plastic protection cover label installed.
X Be careful of strong force because it can be confirmed by

LED flashing during pushing operation.

3.7 Emergency Stop Button

- Emergency Stop Button is used to urgent engine

stop for the emergency situation.

1) Press immediately when an emergency situation occurs in the
engine run state.

— Red LED on while pressing

2) Engine RPM drops while depressed.

3) Release the button after the engine is completely stopped.

— LED off when released Emergency Stop
X If you release the button before stopping the engine, the engine Button
will restart. [Fig. 3-14]
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3. Part Names, Operation and Settings

3.8 Function Keys

- Function keys are used to adjust LCD brightness, stop alarming (mute), configure CCTV, Digit, Home

and other settings, move to and select menus, and reset the system.

[Fig. 3-15] Function Keys

m Function Key Action Feature

» LCD brightness adjustable for 5 different levels (when rebooting the

@ ROy system, the previous setting will be maintained).
@ Alarm Mute » Turn off the buzzer sound
® CCTV + Switching between CAM1 and CAM2 (optional)
» Default On
) Digit On/Off » Press once : number light will be off
» Press once again : number light will be on
+ Move to main gauge display.
® Home gaug play

+ Move to main display without saving when pressing it in page mode.

+ Engine Model setting
» Master/Slave setting and ON/OFF setting to start the slave
»  ON/OFF setting for over speed testing
+ Oil Supply Mode
® Configuration » ON/OFF setting for spare sensor light
+ Select EGTS
+ USB backup and time (year/month/hour) settings
+ Convert Korean/English

+ Set date
@ Up/Down « Move the cursor up and down in setting window
Select + Select menus or functions in the setting window

» Move to spare sensor display (display page 2) / Move to event summary

®© Page display (display page 3)

System Reboot * Rebooting for system errors (press it for more than 3 seconds to reboot)

[Table 3-8]
HY-DP-MANUAL-001 14



3. Part Names, Operation and Settings

3.8.1 Detailed Settings

e

Digital Panel Setting

Engine Model 4L126TIH-T 106-Rate 2000

20

0 ﬂ 30T
r \

- )a_

* Gearbox Ol Press

[Fig. 3-16] Detailed Settings

» Setting Functions and Descriptions

- Press button and then use 9 or @ button to move to functions to be changed.
- Press button to go back to gauge display (changes will be automatically saved).

Engine model setting (refer to the appendix for the
Engine Model list of engine models) @9@

2 Master / Slave » Master/Slave setting for multi panels @
3 Slave Engine Start » ON/OFF setting to start from the slave @
4 Oil Supply Mode + Supply Engine oil by idling @
5 Spare Sensor Alarm » ON/OFF setting for spare check sensor light @
6 EGT Sensor + Select Exhaust gas sensor number(for DX12) @
7 USB Back Up » USB backup for event save files @
8 KOR/ENG » Convert Korean to English @
9 Date Setup + Date and time setting Q0O

[Table 3-9]
HY-DP-MANUAL-001 15



3. Part Names, Operation and Settings

3.9 Display Structure

i Engine Oil Pressure
Water Engine Speed g

Temperature

Accumulated
Engine

Operation
Exhaust Gas

Temperature
Gearbox Oil
(7.?5,\ /n \ % Pressure
Sensqr Yalue = A3 ﬁ:mp 33 HYUNDAI
(Digit)
Sensor
Check Lamp
Fig. 3-17] Gauge Displa
[Fig ] 9 play Alarm Battery Voltage

+ Gauge display shows various gauge data including pick up (RPM) sensor, coolant temperature,
exhaust gas temperature, engine oil pressure and gearbox oil pressure.

« It also includes battery voltage indication, accumulated engine operation hours, coolant
temperature, engine oil pressure, gearbox oil pressure, charging, fuel leakage and overspeed

alarms.

3.9.1 Engine Speed (Tachometer)

- It shows engine RPM in gauge and digital values and counts accumulated engine operation hours.

1) It shows the RPM indicated by the gauge hand in
digital values (blue) for better accuracy (however, it is
available off by the 'DIGIT" button).

2) It shows accumulated engine operation hours by hour
unit (engine speed of 400RPM or faster will be counted

HYUNDAI and the function is always on)

3) Starter Off RPM setting is available between 300 and
[Fig. 3-18] 600RPM after the engine starts (The service team can

Engine Speed Gauge configure the setting in Digital Panel PC Manager).

HY-DP-MANUAL-001 16



3. Part Names, Operation and Settings

3.9.2 Engine Water Temperature
- It shows the coolant temperature in gauge and digital values.

1) It shows the temperature indicated by the gauge hand in
digital values (blue) for better accuracy (however, it is
available off by the '‘DIGIT" button).

2) It shows the open/short diagnosis for sensor problems.

= Open: 'ERROR’ / Short (GND): '----- '

3) It also serves as the water temperature switch.
. ?E ¥ 4) It activates alarm and warning beep when the temperature
Water Temp

increases up to 93°C or higher.

[Fig. 3-19] 5) When the temperature increases up to 103°C or higher, the

Engine Water Temperature Gauge ~ &"9ine will stop.

3.9.3 Engine Qil Pressure
- It shows engine oil pressure in gauge and digital values.

1) It shows the pressure indicated by the gauge hand in digital
values (blue) for better accuracy (however, it is available off by
the 'DIGIT" button).

2) It shows the open/short diagnosis for sensor problems.

= Open: '----- '/ Short (Power): 'ERROR’
3) It also serves as the engine oil pressure switch.

O s
Oi:rl;reésr —q 4) It activates alarm and warning beep when the pressure is 1bar
or lower (detects in 10 seconds).
[Fig. 3-20] 5) When the pressure is 0.5bar or lower, the engine will
Engine Oil Pressure Gauge stop(detects in 10 seconds).

6) Alarm won't work before the engine starts but at normal stop.

3.9.4 Exhaust Gas Temperature
- It shows exhaust gas temperature in gauge and digital values.
1) It shows the temperature indicated by the gauge hand in
digital values (blue) for better accuracy (however, it is
available off by the ‘DIGIT" button).

) 2) It shows the open/short diagnosis for sensor problems.
mn

Ex. Gas Temp ' = Open: 'ERROR’ / Short (GND): "----- '

3) The alarm will be activated when the temperature is 600°C or

[Fig. 3-21]

Exhaust Gas Temperature higher while the engine is in operation.

HY-DP-MANUAL-001 17



3. Part Names, Operation and Settings

3.9.5 Gearbox Oil Pressure

- It shows gearbox oil pressure in gauge and digital values.

1) It shows the pressure indicated by the gauge hand in digital
values (blue) for better accuracy (however, it is available off by
the 'DIGIT' button).

2) It shows the open/short diagnosis for sensor problems.

o /
~ Gearbox Oil Press ~ Open: "'/ Short (Power): ‘ERROR'’

[Fig. 3-22] 3) It activates alarm and warning beep when the pressure is 1bar or
Gearbox Qil Pressure lower (detects in 10 seconds).

3.9.6 Battery Voltage

- It shows battery voltage to indicate its conditions.

1) It will show in blue for voltage of 24V or higher or red for
voltage lower than 24V.

2) It activates warning beep when the voltage is 20V or lower

[Fig. 3-23] Battery Voltage (regardless of whether the engine is in operation or not).

3.9.7 Check Sensor Light

— When there are sensor errors (Open or Short), the check sensor light will turn on.

1) When the check sensor light is on, it will show in yellow.

[Fig. 3-24] Check Sensor Light

> Open and Short gauge displays for sensor problems

&0 °c {00
“" ERROR 20 / j 20
Water Temp Water Temp
Open Short

HY-DP-MANUAL-001 18



3. Part Names, Operation and Settings

3.9.8 Engine Alarms

— The alarm will be activated with buzzer beeping when problems for coolant temperature, engine oil

pressure, gearbox oil pressure, charging, coolant level, fuel leakage and over speed are detected.

® @ ® @ ® ® @

[Fig. 3-25] Engine Alarms

I S T

« Alarm (buzzer) will be activated when the
temperature is 93°C or higher

@ Coolant temperature

« Alarm (buzzer) will be activated on when

Engine oil pressure :
@ 9 P the pressure is 1 bar or lower

» Alarm (buzzer) will be activated on when

Gearbox oil pressure .
® P the pressure is 1 bar or lower

» Alarm (buzzer) will be activated when the

@  Charging battery voltage is lower than 18V

» Alarm (buzzer) will be activated when the

® Water level level is lower than 30%

» Alarm (buzzer) will be activated when oil

© Fuel leakage leak occurs (default setting is ‘disabled’)

» Alarm (buzzer) will be activated when the

@  Engine over speed speed exceeds 117% of the rate speed

[Table 3-10] Alarm Features

X How to deactivate the engine alarm
- Press SYSTEM RESET button on the right for 3 seconds, the system will reboot and the alarm

will be deactivated (rebooting is available while the ship navigates without causing problems).

3.9.9 Engine Shutdown
1)  When the over speed exceeds 117% of the rate speed — Enable/Disable engine stop
2) When the coolant temperature exceeds 103°C — Enable/Disable engine stop
3) When the oil pressure is 0.5bar or lower — Enable/Disable engine stop
4) When fuel leakage occurs — Enable/Disable engine stop
5) Stop Valve — the stop button will be activated by users (when the engine continues at 0 RPM

for 7 seconds)

HY-DP-MANUAL-001 19



3. Part Names, Operation and Settings

3.10 Spare Sensor

- It identifies the status of spare sensor, product S/N, F/W version, and date/time. Press @ button

of the function key to move to spare sensor page.

Eng Oil Press Gear Qil Press. Water Temp Ex. Gas Temp

Engine Water Pressure(Low)

Boost Air Temperature

Boost Air Pressure

Boost Air Pressure (Low) bar :__'__: Alarm On
Boost Air Pressure (High) bap

Engine Qil Over Heat

Battery Voltage

Exhaust Air Temperature (High)

Water Level (Low)

Fuel Level (Low)

S/N:211124-016 GUI:V2.6-210720 .
MODEL : 41126 TIH-T106-Rate2000 F/W V2.00 (Build:2021/09/01, Map:2021/07/21)  2023/06/14 09:54:15

[Fig. 3-26] Spare Sensor and S/W information

I I S

+ Alarm will be activated when the gearbox oil temperature is
1bar or lower

Gearbox QOil Pressure

*Boost Air Temperature + Current temperature

Alarm will be activated when the boost air pressure is 1bar

*Boost Air Pressure (Low) a1 [l

Alarm will be activated when the boost air pressure is 3bar

*Boost Air Pressure (High) or higher

+ Alarm will be activated when the engine oil temperature is

*Engine Oil Over Heat 120°C or higher

Battery Voltage + Current voltage
Exhaust Air Temperature + Alarm will be activated when the exhaust air temperature is
(High) 600°C or higher

. . . . o
*Water Level (Low) Alarm will be activated when the coolant level is 30% or

lower
*Fuel Level (Low) « Alarm will be activated when the fuel level is 30% or lower
* Sensor for IMO Tier 3 [Table 3-11] Spare Sensor Conditions
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3. Part Names, Operation and Settings

3.11 Event Summary

- It shows the numbers of normal operations, normal stops, emergency stops and sensor errors

together with dates of recent errors.

- Press @ button in spare sensor page to move to event summary page.

Digital Panel Alarm Information

Engine Run Count : 11 Engine ShutDown Count :
Engine Stop Count : 5

Description Alarm Date

[Fig. 3-27] Event Summary Screen

Event List

PO101 Water Over Heat PO109 *Low Fuel Level
P0102 Low Engine Qil Pressure P0O110 Engine Oil Over Heat
P0103 Low Gearbox Oil Pressure PO111 Main Connector Removed
P0104 Battery Charge(Alternator) PO112 High Exhaust Gas Temperature
P0105 Fuel Leakage(Switch) P0O113 *Low Boost Air Pressure
P0106 Over Speed P0O114 *High Boost Air Pressure
P0107 Low Voltage PO115 Abnormal Engine Shutdown
P0108 *Low Water Level PO116 Low Engine Speed

* Sensor for IMO Tier 3 [Table 3-12] Event List
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3. Part Names, Operation and Settings

3.12 System Booting and Functional Check

- You can check whether the product is properly installed or not.

» Normal System Booting

1) Insert the key into the key switch and rotate it to the right (ON).
2) HYUNDAI logo will appear for 17 seconds while the system is
booting (refer to the image).
X If the logo does not appear after rotating the key,
® Rotate it to the left (OFF) and then to the right (ON)
again
® Check the harness connection at the back of the panel
® Check whether the battery is discharged
3) The gauge display will appear after normal booting.
® Gauge: check whether each gauge hand is within the

normal range and 'ERROR’ or '----- "is displayed on the
screen. [Fig. 3-28] Key Switch
X Where 'ERROR' or '----- "is displayed on the screen

® Check the harness connection

® Function keys: check whether each function key is active
on the screen by pressing them.

® Alarm: check whether the alarm is turned on.

® Battery: Check whether the battery is ok.

4) Where the initial gauge screen is normal, press START button
for 1 second to start the engine (the time can be set to 1~3
second. Refer to Digital Panel Manager).

5) Check whether the operation is in normal RPM (initial operation
in 400RPM or faster with the oil pressure of 1bar or higher) and
whether is turned on.

HYUNDAI

AT (A S/ZX]) TH|7F 2= E[ AU
AoIX| 2tHE 2Y F0[0, FA| = A O|X|7t EAIE

——

The engine is ready to run (start/stop).
The gauge screen is loading, the gauge will be displayed shortly.

[Fig. 3-29] Booting Logo [Fig. 3-30] Gauge Display
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4. Multi Panel Structure

4.1 Multi Panels

- Panels can be installed up to 4 units except Master in the ship and you can check the ship

conditions and control those panels at any places of installation.

[Fig. 4-2] Slave 1 [Fig. 4-3] Slave 3

[Fig. 4-1] Master

[Fig. 4-4] Slave 2 [Fig. 4-5] Slave 4
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4. Multi Panel Structure

4.2 How to Install Multi Panels

Master
[Fig. 4-10]

Slave 4

, -
[Fig. 4-8] [Fig. 4-9]
Slave 2 Slave 3

X In order to install multi panels, all the necessary cables should be ready in advance (use the cables with
specification recommended by HYUNDAI).
(1) Connect the CAN1 terminal of the Master panel and the CAN1 terminal of the Slave 1 panel as shown in
@ (2 panels).

® Master and Slave 1 connection completed

(2) Connect Slave 1 (CAN2) and Slave 2 (CAN1) as shown in @ while maintaining connection as described
in @ (3 panels).
® Master, Slave 1 and Slave 2 connection completed

(3) Connect Slave 2 (CAN2) and Slave 3 (CAN1) as shown in ® while maintaining connection as described
in @ (4 panels).
® Master, Slave 1, Slave 2 and Slave 3 connection completed

(4) Connect Slave 3 (CAN2) and Slave 4 (CAN1) as shown in @ while maintaining connection as described

in ® (5 panels)
® Master, Slave 1, Slave 2, Slave 3 and Slave 4 connection completed

HY-DP-MANUAL-001 24



4. Multi Panel Structure

4.3 Multi Panel Settings

(1) Press button of the panel to be configured as Slave.
(2) Move to @ when the setting screen appears (use 9 or @ button to move).
(3) Press Q button to switch configuration between Master and Slave.

(4) Configure the Master panel as described above.

X Notes
® Master mode is available for one panel only and Slave mode is available up to 4 units.
® You can permit Slaves to start the engine with Master panel only. Where you enable

Slave Engine Start setting, all Slave panels will be able to start the engine.

Digital Panel Setting

o

Water Temp Master fSlave

ki -5 \ = J I r
e .
i ) 90 B o 5 1 )\_m

Ex. Gas Temp ~ Gearbox Oil Press

[Fig. 4-11] Multi Panel Setting Window
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5. Maintenance

5.1 Maintenance

- To maintain the performance of the device, regular maintenance is required.

1. Use soft cloth to clean the LCD without damaging it.
1) Clean the LCD after turning the power off.
2) Do not use cleaners with acids or ammonia.
3) Do not use neutral detergents to remove oil stains.
4) Use cloth slightly wet in clean water to remove salt residuals or dust particles for natural
drying. If there remain stains, clean them with soft cloth (microfibers) once again.
2. Check whether the connectors or harnesses at the back of the device are properly connected or
whether they have dust or other foreign substances.
3. Check whether cables are damaged.
4. Request for checking when the software needs upgrade as follows:

- When the manufacturer releases official software for performance improvements

5.2 Troubleshooting

It describes possible measures for users to resolve problems while using the device.

1. The device is not turned on.
1) Check whether harness cables at the back of the product are properly connected.
2) Where harness cables have too much dust or moisture, remove them and clean the dust or
moisture. Connect them once again after a while.
3) Check whether the fuse button at the back of the product is pulled out.
4) Check whether the battery is discharged.
2. You can see lines or shaking on the screen.
1) Reboot the product.
2) As the LCD is connected inside the product, do not disassemble it and contact the service
team.
3. You can see distortions on CCTV screens.
1) Check whether CCTV connectors or connectors at the back of the product are properly
connected.
2) Check whether cables are worn out.
4. You can see alarm or hear warning beeps at the bottom of the product screen.
1) Check where the alarm occurs and then take measures as necessary (if you need to confirm
which alarm occurs, refer to Page 20 of this manual).
5. You cannot control buttons.
1) Check whether there are foreign substances at the panel buttons.
2) As the button connecting parts may be damaged, do not disassemble the product and
contact the service team.
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6. Warranty and A/S Service

6.1 Warranty

As this manual contains important contents related to safety, use and maintenance of the product. So

please read this manual carefully and then use the product in a proper manner.

Those who are not familiar with the product should keep this manual close to it.

We are not responsible for human injuries or property damages caused by the following reasons:
® Where you use the product for purposes other than the ones described in this manual
® Where you alter the product or its components at discretion
® \Where you disassemble the product at discretion to resolve problems
® Where you use accessories or parts not supplied or recommended by us

¥ Where you use accessories or parts manufactured by other companies, please contact our service

center to check their compatibility.

6.2 A/S Service Information

- When you request A/S service, please let us know the model name, breakdown conditions and your
contact information.

— Please ask the seller.
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7. Appendix

7.1 List of Engine Models

- List of compatible engine models

Number of

DB58TI LO66TIH 129 2,200 115% 2,530
D1146 L136 140 2,200 115% 2,530
L136T 140 2,200 115% 2,530

D1146T
L136TL 140 2,500 115% 2,875
D1146TI L136Tl 140 2,200 115% 2,530
LO86TIH 140 2,200 115% 2,530
D1146TIB LO86TIM 140 2,300 115% 2,645
LO86TIL 140 2,500 115% 2,875
DE12T MD196T 152 2,000 115% 2,300
DE12TI MD196TI 152 2,000 115% 2,300
L126TIH 152 2,000 115% 2,300

DE12TIB
L126TIM 152 2,100 115% 2,415
4L126TIH 106 2,000 117% 2,340
DX12 4L126TIM 106 2,100 117% 2,415
4L126TIL 106 2,200 117% 2,574
V158TIH 160 1,800 115% 2,070
D2848LB V158TIM 160 2,100 115% 2,415
V158TIL 160 2,300 115% 2,645
V180TIH 160 1,800 115% 2,070
D2840LB V180TIM 160 2,100 115% 2,415
V180TIL 160 2,300 115% 2,645
V222TIH 160 1,800 115% 2,070
D2842LB V222TIM 160 2,100 115% 2,415
V222TIL 160 2,300 115% 2,645
4V158TIH 160 1,800 115% 2,070
4VD2848LB 4V158TIM 160 2,100 115% 2,415
4V158TIL 160 2,300 115% 2,645
4AV222TIH 160 1,800 115% 2,070
4VD2842LB 4V222TIM 160 2,100 115% 2,415
4V222TIL 160 2,300 115% 2,645
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1.General Information

1.1 Product Information

This product is a digital panel for mechanical marine propulsion engines and can be applied to various
small marine engines. The DACU (Data Acquisition Control Unit) acquires engine status data, and users
can monitor the engine's status through the DGP (Digital Gauge Panel) feature. The product is designed
with digital visualization to provide clear visibility of engine control and status information. It incorporates

graphical analog gauges and digital displays to enhance user convenience and is designed to withstand
harsh maritime environments.

1.2 Components and Optional Accessories

- Refer to Table 1-1 below for product components

Component Component
NO Components NO Components
Name Name
DGP =
Cco | o
Mountin
1 4 I
Type Parts
1set
DACU
Desk
2 Mounting 5 Key 2EA
Type Bracket
Flush
Mounting Dlgital Panel User
3 6 Manual
Type Bracket Manual
4EA
[Table. 1-1]
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1.General Information

1.3 Product Specification

Refer to Table 1-2 below for the hardware specifications of the digital panel for this mechanical

engine.
Digital Gauge panel product Specification
No. Item Remark
1 Microprocessor NXP4330Q / S32K144
2 Software Linux OS GUI + F/W
8" Color TFT LCD
3 Display 1280 * 720(Pixel)
16:9
4 Flash Memory 4GB(eMMCQ)
5 Ram 1GB
6 Operating Voltage DC 24V (9 ~ 32V)
7 USB USB 2.0 1Port
8 Operating Temperature - 20°C ~ 70°C
9 Internal Buzzer Piezo Buzzer 98dB
o J1939 CAN communication
10 Communication

11

Dimensions

HY-8DGP-MANUAL-001

RS232
W 287 x H 245.8 x D 108.15(DGP)
W 236 x H 186.6 x D 80(DACU)

[Table 1-2]



2. Product Installation

2.1 Cautions

Unskilled personnel should read this manual before use.
Do not use or keep the product close to combustible sprays or inflammable.
Use soft and dry cloth to clean the panel LCD.

Turn off the product, pull out the harness cable and then contact our service center when you

see smoke from the panel or have strange smells.
When you see an alarm on, you always need to check the product before operation.

Do not disassemble the product cover at discretion (warranty does not cover unauthorized

disassembly).
Excessive impact may damage the display although a reinforced display is used.
Use connectors matching each other when connecting them to the back of the product.

Do not contact or remove connectors while the power is on. It may cause electric shock or lead

to malfunction.
Do not exercise excessive force when rotating to ON/OFF with the key inserted in.

Do not use the product with wet hands.

Put protective caps on back side connectors when they are not in use.
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2. Product Installation

2.2 Desk Mounting Type

X Desk Mounting Types are installed in the Bridge or engine room by using desk mounting brackets

delivered with the product.
¥ Mounting Hole Spec: M6 bolt

Fixing hole«

rotation lock<

CO

Springe  flate
washer< Wwasher<!

[Fig. 2-1] Desk Mounting Type Diagram

» Installing Desk Mounting Type digital panel

@ Check if there is cable wiring available in the Bridge or

engine room.

@ Fix the bracket using mounting hole of the product at the

position where the cable wiring reaches.

® Place the product inside the bracket connected with the

rotation lock to connect it with the rotation lock.

@ Connect it with the fix handle to the direction indicated by

an arrow and adjust the viewing angle of the LCD
% Where there are things to which the product can

be fixed, use spare holes with the bolt or other

accessories.

HY-8DGP-MANUAL-001 6
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2. Product Installation

2.3 Flush Mounting Type

- Flush Mounting types are installed in a Bridge or engine room by using optional mounting brackets
(2pcs).
X Bolt Spec:. @ M6 X 10L @ M6 X 20L

[Fig. 2-4] Flush Mounting Type Diagram

» Installing Flush Mounting Type digital panel

C)

Check the harness is wired in the Bridge or engine room.

®

As shown in [Fig. 2-5], fix the mounting brackets to both sides of the panel.

® Check the location within reach of the harness wiring and the mounting location and then mount the

panel using proper bolts.

@ Finish gaps between the product and the structure depending on the mounting conditions and

connect the engine harness (you may connect the engine harness first depending on conditions)

Adjust the bracket

depending on the
_— thickness of the
‘“‘“ﬂ| panel and then fix it.<!

Available thickness«
11.8mm¢’

R ——

[Fig 2-5]
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3. Part Names, Operation and Settings

3.1 Front Side

= No. Name Reference
(@) LCD -
() Function Keys 13 Page
® Key Switch 11 Page
@ USB 10 Page
® Emergency Stop Switch 12 Page
® Emergency Start Switch 12 Page
[Table. 3-1]
3.2 Back Side
No. Name Reference
@ Main Connector 9 Page
Engine Control
® (Externél Buzzer ?nd 12 Page
Function for Ship
Generator)
©) COMM. 12 Page
@ SUB 12 Page
® Internal Buzzer 13 Page

HY-8DGP-MANUAL-001
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3. Part Names, Operation and Settings

3.3 External Connection Terminals

- Input/output connector connecting DGP and DACU

- Input/output connector for various control signals including sensors between DACU and engine

3.3.1 DGP 23Pin Main Connector

- Interface connector for receiving power and engine operation information from DACU and
transmitting and receiving CAN signals with ECU (For Ship Generator)

[Fig. 3-3]
No. Pin Description Notes No. Pin Description Notes
1 Battery In - 13 (opt) PC RXD1 -
2 Battery In - 14 (opt) PC TXD1 :
3 Power GND - 15 Alternator In
4 Power GND - 16 Wait to Disconnect Signal
5 Key On - 17 | Wait to Disconnect Common
6 Starter Signal - 18 | Gearbox Oil Pressure Supply
] ] ] Electronic
7 Emergency Switch Power - 19 Gearbox Oil Pressure Signal
panel only
8 Emergency Switch Signal - 20 Fuel Leakage Switch
9 CAN 1 High - 21 GND Sensor
10 CAN 1 Low - 22 Water In Fuel Switch
11 (opt) CAN 2 High 23 GND Sensor
Option
12 (opt) CAN 2 Low - - -
[Table 3-3]
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3. Part Names, Operation and Settings

3.3.2 DACU 23Pin Main Connector

Interface connector to provide DGP power and engine operation information

[Fig. 3-4]
No. Pin Description Notes No. Pin Description Notes
1 CAN 1 Low - 13 Power GND -
) ) Generator
2 CAN 1 High - 14 DSC RPM Pick-up (GND)
only
) Generator
3 (opt) CAN 2 High - 15 DSC Actuator A
only
4 (opt) PC TXD1 - 16 Battery In -
Generator
5 Key On - 17 DSC CAN 2 Low
only
) ) Generator
6 Starter Signal - 18 DSC CAN 2 High
only
) ) Generator ) )
7 DSC RPM Pick-up Signal | 19 Emergency Switch Signal
only
Generator )
8 DSC Battery | 20 Emergency Switch Power
only
9 Battery In - 21 Power GND
10 (opt) CAN 2 Low - 22 DSC GND
Generator
11 (opt) PC RXD1 - 23 DSC Actuator B
only
12 - -
[Table. 3-4]
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3. Part Names, Operation and Settings

3.3.3 DACU 35Pin Main Connector

analog sensor information of the engine and supply start control signals to the engine

Engine harness interface connector that is connected to the engine harness to receive power and

[Fig. 3-5]

No. Pin Description Notes No. Pin Description Notes
1 Alternator In - 19 Water Pressure Signal -
2 Stop Solenoid Signal - 20 Stop Solenoid Power -
3 Fuel Leakage Switch - 21 Starter Motor Power -
4 Engine Oil Temp Signal - 22 - -
5 Exhaust Gas Temp2+ - 23 Power GND -
6 Exhaust Gas Temp1+ - 24 DSC Actuator B Generator

only
7 Engine QOil Pressure Signal - 25 RPM Pick-up Signal
8 Stop Solenoid Power - 26
9 Starter Motor Power - 27

10 Starter Motor Power - 28
11 Power GND - 29
12 Power GND - 30 GND Sensor
13 DSC Actuator A Generator 31 GND Sensor

only
14 RPM Pick-up (GND) 32 Stop Solenoid Power
15 Water Temp Signal - 33 Battery In
16 Exhaust Gas Temp2- - 34 Battery In
17 Exhaust Gas Temp1- 35 Battery In
18 Gearbox Oil Pressure Signal - -
[Table. 3-5]
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3. Part Names, Operation and Settings

3.3.4 Circular Interface Connector

«  CTRL : Buzzer output connector for external buzzer connection

+  COMM. : Multi-panel[OUT], communication connector for power and CAN communication

«  SUB : Multi-panel[IN], communication connector for power and CAN communication

No. CTRL COMM. SuUB
1 Buzz Battery Key On Key On
2 Buzz Out Battery In Battery In
3 VCC CAN2 H CAN2 H
4 RPM_TRIM CAN2 L CAN2 L
5 GND CAN1T H CAN1 H
6 ISO_AUX+ CAN1 L CANT1 L
7 ISO_AUX- GND GND
8 GND ] -
[Table. 3-6]

3.3.5 USB Connector

[CTRL] [COMM] [SUB]

*  When backing up driving record data and upgrading software, insert a USB memory

(FAT32 format is used)

MENU 1751 202
a 104
X User Setting
L)
Engin Model LO66TIH-T129-R2200 5 ‘
Master/Slave raaster an -
Slave Engine Start oFF USB Backup

0il Supply Mode OFF

EGT Sensor #1

$+20] / English e 13/55
Data Setup 2020 o on e

B V 4
USB Backup. 55 P
Version Pack-Version /
[Fig. 3-7-1]
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3. Part Names, Operation and Settings

3.4 Internal Buzzer

- Buzzer sound when an alarm occurs due to engine abnormality
- It operates at 98dB, and an external large-capacity buzzer can be

additionally installed.

3.5 Key Switch

- Digital panel system boot, engine start, and engine stop functions.

1) After inserting the key included in the product in the key
switch and turning it to the position of 45° to the right
(ACC), the product is booted.

2) Engine starts at the position of 90° turn (ON) and it
returns to 45° position (If the key is in the ON state, keep Key
the key lock state) [Fig. 3-9]

3) When ACC is ON, the product boots within 5 seconds and

the gauge screen is output after the introduction screen.

4) Turn the key 45° to the left (OFF) when the engine is /"
stopped ‘

Key Switch
[Fig. 3-10]
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3. Part Names, Operation and Settings

3.6 Emergency Start Button

- Used to force the engine to start in an emergency situation.

1) In the OFF state of the key, rotate the key to ON while pressing it EMG ST
with an available device for the buttonhole.

Application of safety accident prevention function

% Hole Size : @7 EMG. Start Button

[Fig. 3-11]

x It should be used only in emergency situations and product life
may be affected when used.

3.7 Emergency Stop Button

- Used to stop the engine in an emergency situation

1) Press immediately in case of emergency with engine running.
— Stop solenoid actuation while pressing and warning beep.
2) Engine RPM decreases while pressed

3) Release the press when the RPM drop

EMG.STOP

EMG. Stop Button
[Fig. 3-12]

X If the button is released within a short period of time,
the engine may not be stopped
X Emergency stop should only be used in emergency situations, as

it can potentially impact the lifespan of the product.
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3. Part Names, Operation and

3.8 Function Keys

Functions such as panel setting, alarm stop, menu movement and selection.

[Fig. 3-13] Function Keys

NO. Function Action Characteristics
(@) Page + Switch page / cancel
®) Ok Enter setting, save setting value
@ Up Cursor movement (up), setting value change (increase), screen brightness
increase
@ Down + Cursor movement (down), setting value change (decrease), screen brightness
W
decrease
® Left + Cursor movement (left), Lock LCD touch function
® Right + Cursor movement (right), unlock LCD touch function

HY-8DGP-MANUAL-001
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3. Part Names, Operation and Settings

3.8.1 Detailed User Setting

X
Engine Model
Master/Slave
Slave Engine Start
Oil Supply Mode
EGT Sensor
$t=20] / English
Date Setup
USB Backup

Version

RUN 20:10 2z 510 & TOUCH &

06.26
User Setting
LO66TIH-T129-R2200
Master

Eng. 0il Press.
Master Bar

. 2.0

#1

=
17.4
Bar

Gearbox Press. 10

English

2023-06-26 20:10:01
26

DGP-PACK-A23DA

[Fig. 3-14] Detailed Settings

» User Setting Function and Description

Press and hold the settings button for 3 seconds on the main screen to enter the user settings.

Use the arrow keys

to move to the function you want to change.

Press the Ok button to go to the gauge screen. (Auto save on change)

No. Function Description Remark
1 Engine Model + Setting the Engine Model Installed on the Ship -
2 Master / Slave Master / Slave setting when using multi-panel -
3 Slave Engine Start | - Slave start authorization On / Off -
) On / Off function for lubrication inside the engine at idle
4 Oil Supply Mode ) ) -
Can be set for a total of 5 seconds in 1 second increments
5 EGT Sensor Exhaust gas temperature sensor selection (for DX12 engine) -
6 Korean/English Korean / English conversion -
7 Date Setup Set date and time -
8 USB Back up Backup event and driving history files to USB -
) ) ) Select S/W
9 Version Show as full integrated version of software .
update item

HY-8DGP-MANUAL-001
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3. Part Names, Operation and Settings

3.9 Screen Layout

USB Icon 20 1 0 2023 Current Time TOUCH &
- 6.

6 Engine Oil Press

Eng. Oil Press.
Bar
Exhaust Gas Temp \2.0
“17.4
Sensor Value | Bar
(Digit) 4 2 Tamu Gearbox Press. 10 Gearbox

Accumulated Engine / 4 Oil Press

Running Time
Sensor

Check Lamp

[Flg. 3'15] Gauge Screen Warning Lamp Battery Voltage

+ The gauge functions include engine RPM, coolant temperature, exhaust gas temperature,
engine oil pressure, gearbox oil gauge and more.

»  Current time, USB detection icon, battery voltage, engine operation accumulated time, high
coolant temperature, low engine oil pressure, overspeed, charging, CAN communication

abnormality, moisture detection, fuel leakage and gearbox oil gauge warning lights.

3.9.1 Engine RPM

- The engine rpm is displayed as a gauge and a digital value, and the accumulated engine

running time is counted.

1) The rpm value indicated by the needle is expressed more
precisely as a digital number (digit) (The digit is always ON)

2) Displays the accumulated engine running time in Thour
increments.

"""" (Counts over 400rpm and is always on)

HYUNDAI | 3) After starting the engine, Starter Off RPM 300 ~ 500rpm

151.4 i can be set

[Fig. 3-16] Speed Gauge
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3. Part Names, Operation and Settings

3.9.2 Engine Cooling Water Temperature

- Cooling water temperature is displayed digitally with a gauge.

Water Temp.

°c
41

r

[Fig. 3-17]

Engine Cooling Water Temperature

3.9.3 Engine Qil Pressure

The temperature of the coolant pointed to by the needle is
more precisely expressed as a digital number (digit)

(The digit is always ON)

In case of sensor failure, open/short diagnosis is displayed.
Warning lamp and warning sound when starting state is over
93°C

Stop the engine when the starting state is over 103 °C

- Displays engine oil pressure with gauge and digital.

2)
Eng. 0il Press.
Bar 3)
2.0
4)

[Fig. 3-18]

Engine Oil Pressure Gauge  5)

3.9.4 Exhaust Gas Temperature

The oil pressure value indicated by the needle is more precisely
expressed as a digital value (digit) (The digit is always ON)

In case of sensor failure, open/short diagnosis is displayed.
Warning light and warning sound when less than 1 bar

(Detected when holding for 10 seconds)

Engine stop when less than 0.5 bar

(Detected when holding for 10 seconds)

Alarm does not work before starting, but alarm works when normal

engine stops

- Displays exhaust gas temperature with gauge and digital.

.
314
, e

350 Ex. Gas Temp.

500

[Fig. 3-19]

Exhaust Gas Temperature

HY-8DGP-MANUAL-001

Express the exhaust gas temperature pointed by the needle
more precisely as a digital number (digit)

(The digit is always ON)

In case of sensor failure, open/short diagnosis is displayed.
Preliminary sensor warning light operates when the starting

state is over 600 °C
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3. Part Names, Operation and Settings

3.9.5 Gearbox Oil Pressure

- Displays gearbox oil pressure with gauge and digital.

) 0 The gearbox oil pressure value indicated by the needle is more
17.4 precisely expressed as a digital value (digit)
Bar
oo somas 10 Diagnose open or short circuit when a sensor malfunction

occurs.

20

When the ignition state is below 1 bar, a warning light and

alarm sound are activated (if detected for more than 10

seconds).

[Fig. 3-20]

Gearbox Qil Pressure

3.9.6 Battery Voltage
- Displays the battery voltage to inform you of the battery status.

1) Green for more than 24V / Red for less than 24V

_2 z 3 '-..I" 2) Fault code P0562 and warning sound when battery is low
voltage
[Fig. 3-21] Battery Voltage 2 Low battery voltage

3.9.7 Check Sensor Light

- When a sensor error (open, short) occurs or communication fault between DACU and Sensors,

the sensor check light turns on.

1)  When a sensor error occurs, the check light turns on in red.

2) Lights orange when an error has ended.

[Fig. 3-22] Check Sensor Light

X In case of engine oil pressure sensor failure, open or short gauge screen is displayed.

Open Short
[Fig. 3-23] Check Sensor Light
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3. Part Names, Operation and Settings

3.9.8 Engine Alarm

- In case of coolant temperature, engine oil pressure, gearbox oil pressure, charging, moisture

detection, overspeed, or fuel leakage, warning lights flash and a buzzer sound.

@

@ ® @ ® ®

[Fig. 3-24] Engine Alarm

NO. Alarm Action Characteristics

@ | Water Temperature - Warning light (buzzer) On when over 93°C

® Engine Oil Pressure - Warning light (buzzer) On when less than 1 bar

® | Gearbox Oil Pressure - Warning light (buzzer) On when less than 1 bar

@ | Charge - Warning light (buzzer) On when battery voltage is less than about 18V
® | Fuel Leakage - Warning light (buzzer) on in case of fuel leakage (Default: Disable)

® | Over Speed - Warning light (buzzer) On when over 117% of Rate Speed

3.9.9 Engine Stop

[Table. 3-9] Warning light characteristics

1)  When engine overspeed is more than 117% of Rate Speed — Enable/Disable engine stop

2) When the coolant temperature is over 103°C — Enable/Disable engine stop

3) When the engine oil pressure is kept less than 0.5 bar for more than 10 seconds — Engine

stop Enable/Disable possible

4) When fuel leakage occurs — Engine stop Enable/Disable possible
5) When activated Stop Valve — Stop Button is actuated by the user (at 0 RPM for 7 seconds)

¥ How to turn off the engine warning light

- When the alarm condition is cleared and it is maintained for 3 seconds,

the buzzer and lamp are automatically released and the lamp changes to orange color

HY-8DGP-MANUAL-001
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3. Part Names, Operation and Settings

3.10 Spare Sensor

- It displays the status of other sensors, product S/N, ECU MAP VERSION, and GUI/FIRMWARE

version. Pressing the menu key among the function keys moves to the spare sensor page.

MENU READY 15:25 202 TET 0 TOUCH &

01.27

Eng. Speed Eng. Ol Press. Gearhox Oil Press. Water Temp. Ex. Gas Temp.

O RPM 0. O Bar o- 0 Bar o °g O °c

Exhaust Gas Temp.1 0+ £  Engine Oil Temp.

Exhaust Gas Temp.2 0+ £  Battery Yoltage

Water Pressure Ocar  »f)e

[Fig. 3-25] Spare Sensor (Including Classification Applied Sensor) Information

Item Action Characteristics
Exhaust Gas Temperature1 (High) | - Warning light turns on when exhaust temperature is over 600°C
Exhaust Gas Temperature2 (High) | -+ Warning light turns on when exhaust temperature is over 600°C
Water Pressure - Warning light turns on when coolant pressure is less than 0.2 bar
Engine Oil Over Heat - Warning light turns on when engine oil exceeds 120°C

[Table. 3-10] Spare Sensor
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3. Part Names, Operation and Settings

3.11 Alarm Page

- The number of normal starts / number of normal stops / number of abnormal stops / number of
emergency starts / number of emergency stops accumulated number of sensor alarm occurrences
and information of the latest date of alarm are displayed in the digital panel itself.

- If you press the menu button on the other sensor page, the screen switches to the event
summary page.

MENU READY 15:39 2 10 3 TOUCH

02.15

ENG.RUN O ENG.STOP O ENG.Shutdown 0 EMG.START O EMG.STOP 0

I T R I R
R e R R
R e e I R
I e I I
I T R R
B R R R
N T R R
I e S R B
R L S I I
R e e I I
T L T I R

Low Engine Speed: 0

[Fig. 3-26] Fault Code List

Alarm List
Water Temp. Over Heat Low Voltage
Low Engine Oil Pressure Engine Oil Over Heat
Low Gearbox Oil Pressure Main Connector Removed
Battery Charge (Alternator) High Exhaust Gas Temperature
Fuel Leakage (Switch) Main Connector Removed
Over Speed -

[Table. 3-11] Alarm List
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3. Part Names, Operation and Settings

3.12 System Booting and Functional Check

- A checkup is conducted to ensure the proper installation of the product.

» Normal System Booting
1) After inserting the key into the key switch, if the key is rotated in

the ON direction (right), it returns to the central point and is
fixed.

2) HYUNDAI logo is displayed when the system is booted
X In case, the screen is not output when the key is rotated
® Key OFF and then ON again

® Check the harness connection behind the panel

® Check for battery discharge

[Fig. 3-27] Key Switch

3) After booting normally, the gauge screen appears.
® Gauge : Check that each gauge needle is within the
normal range and check if it is displayed on the ‘'OPEN’ or
‘SHORT' screen
X When 'OPEN’ or 'SHORT' occurs
® Check the harness connection status
® Function keys: Check whether each function key is
operated normally
® Warning light: Check if the warning light is on
® Battery: Check if the battery voltage is normal
4) If there is no problem in the initial gauge screen, turn the key to
start the engine.

5) Check RPM operation (initial 400RPM or higher, oil pressure 1bar

or higher) and warning light on (red lamp blinks when warning
light is on)
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4. Multi Panel Structure

4.1 Multi Panel

- Itis possible to install up to 3 additional units except for the Master in the vessel, and it is possible
to check and control the vessel status at any time depending on the setting. (Be careful of the

battery voltage drops as the length of the harness increases.)

[Fig. 4-1] Master - s

[Fig. 4-4] Slave 2
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4. Multi Panel Structure

4.2 How to Install Multi Panel

[Fig. 4-5]
[Fig. 4-6] Master
Slave 1

[Fig. 4-8]

Slave 3

[Fig. 4-7]

Slave 2

X Before installing the multi-panel, the necessary cables should already be prepared.

(Cables should use Hyundai's recommended specifications)

(1) Connect the SUB terminal of the Master panel to the main connector terminal of the Slave 1 panel as
shown in @. (2 panels)

@ Master and Slave 1 connection completed

(2) In the state connected as in @ above, as in @), that is, connect Slave1(COMM) to Slave2(SUB). (3 panels)

@ Master and Slave 1, Slave 2 connection completed

(3) In the state connected as in @ above, as in 3, that is, connect Slave2(COMM) to Slave3(SUB). (4 panels)

@ Master, Slave 1, Slave 2, Slave 3 connection completed
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4. Multi Panel Structure

4.3 Multi Panel Setting

(1) Press and hold the OK button of the panel to be set in Slave mode for 3 seconds.
(2) When the Settings window opens, navigate to Figure @ (Use the directional keys to navigate).
(3) Press the OK button to switch between Master / Slave1 / Slave2 / Slave3.

X Note: When connecting multiple Slaves, the Slave mode settings should not overlap.

(4) Set the panel to Master mode using the same method as above

X Note

® Only one product can be set in Master mode, and up to two Slaves are recommended.

® |[f the cable length between Master and Slaves is more than 30m, there may be a voltage
drop of more than 1V, so it needs to be checked.

® Granting engine start permission to Slave panels can only be done from the Master panel
and when the “slave engine start setting” is On, the selected slave panel has the starting
authority.

® Emergency start is only possible from the Master panel, while emergency stop is possible
from all panels.
- The emergency stop of the Slave operates through CAN communication.

® During engine operation (RUN), re-engaging the starter is not possible.

RUN 2020 2023 </m {}:5 TOUCH &

06.26
User Setting

Engine Model LO66TIH-T129-R2200

7/
Master/Slave
Master/Slave @ Master
I Master

Slave Engine Start Master

Sidve |
Oil Supply Mode OFF [
ISlave2

EGT Sensor #1

Slave3 74

§k=20] / English English — o
NDAI 10

Date Setup 2023-06-26 20:20:21 Gearhox Press.

USB Backup 26 1.6

Version DGP-PACK-A23DA

[Fig. 4-9] Multi Panel Setting Popup
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5. Maintenance

5.1 Maintenance

- To maintain the performance of the device, regular maintenance is required.

1. Use soft cloth to clean the LCD without damaging it.
1) Clean the LCD after turning the power off.
2) Do not use cleaners with acids or ammonia.
3) Do not use neutral detergents to remove oil stains.
4) Use cloth slightly wet in clean water to remove salt residuals or dust particles for natural
drying. If there remain stains, clean them with soft cloth (microfibers) once again.
2. Check whether the connectors or harnesses at the back of the device are properly connected or
whether they have dust or other foreign substances.
3. Check whether cables are damaged.
4. Request for checking when the software needs upgrade as follows:

- When the manufacturer releases official software for performance improvements

5.2 Troubleshooting

- It describes possible measures for users to resolve problems while using the device.
1. The device is not turned on.
1) Check whether harness cables at the back of the product are properly connected.
2) Where harness cables have too much dust or moisture, remove them and clean the dust or
moisture. Connect them once again after a while.
3) Check whether the fuse button at the back of the product is pulled out.
4) Check whether the battery is discharged.
2. You can see lines or shaking on the screen.
1) Reboot the product.
2) As the LCD is connected inside the product, do not disassemble it and contact the service
team.
3. You can see alarm or hear warning beeps at the bottom of the product screen.
1) Check where the alarm occurs and then take measures as necessary (if you need to confirm
which alarm occurs, refer to Page 20 of this manual).
4. You cannot control buttons.
1) Check whether there are foreign substances at the panel buttons.

2) As the button connecting parts may be damaged, do not disassemble the product and
contact the service team.
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6. Warranty and A/S Service

6.1 Warranty

- As this manual contains important contents related to safety, use and maintenance of the product. So

please read this manual carefully and then use the product in a proper manner.

Those who are not familiar with the product should keep this manual close to themselves.

- We are not responsible for human injuries or property damages caused by the following reasons:
® \Where you use the product for purposes other than the ones described in this manual
® Where you alter the product or its components at discretion
® \Where you disassemble the product at discretion to resolve problems
® Where you use accessories or parts not supplied or recommended by us

¥ Where you use accessories or parts manufactured by other companies, please contact our service.

6.2 A/S Service Information

- When you request A/S service, please let us know the model’s name, breakdown conditions and
your contact information.

—  Please ask the seller.
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7. Appendix

7.1 List of Engine Models

- List of compatible engine models

DB58TI LO66TIH 129 2,200 115% 2,530
D1146 L136 140 2,200 115% 2,530
L136T 140 2,200 115% 2,530

D1146T
L136TL 140 2,500 115% 2,875
D1146TI L136TI 140 2,200 115% 2,530
LO86TIH 140 2,200 115% 2,530
D1146TIB LO86TIM 140 2,300 115% 2,645
LO86TIL 140 2,500 115% 2,875
DE12T MD196T 152 2,000 115% 2,300
DE12TI MD196TI 152 2,000 115% 2,300
L126TIH 152 2,000 115% 2,300

DE12TIB
L126TIM 152 2,100 115% 2,415
V158TIH 160 1,800 115% 2,070
D2848LB V158TIM 160 2,100 115% 2,415
V158TIL 160 2,300 115% 2,645
V180TIH 160 1,800 115% 2,070
D2840LB V180TIM 160 2,100 115% 2,415
V180TIL 160 2,300 115% 2,645
V222TIH 160 1,800 115% 2,070
D2842LB V222TIM 160 2,100 115% 2,415
V222TIL 160 2,300 115% 2,645
4V158TIH 160 1,800 115% 2,070
4VD2848LB 4V158TIM 160 2,100 115% 2,415
4V158TIL 160 2,300 115% 2,645
4V222TIH 160 1,800 115% 2,070
4VD2842LB 4V222TIM 160 2,100 115% 2,415
4V222TIL 160 2,300 115% 2,645
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1. General Information

1.1 Product Information

The name of the product model is DGP-2000 applicable to various marine generator engines. The
product is intended to improve problems of existing analog panels and allow users to check engine
controls and conditions by means of a digital visualization product. It provides information in analog

graphic gauges and digital displays for enhanced user experiences.

1.2 Components

Body of Digital Panel for
DGP-2000 ASM
Marine Gen.

Digital Speed Controller
DSC-2000
2 for Marine & Cover

Assembly DGP-2000 and
DSC Bracket
DSC-2000

Desk Mounting
1 To install DGP-2000
Type Bracket
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Fix handle ' 2 Tilting DGP-2000
Key 2 To boot DGP-2000
Digital Panel
Manual
Manual 1 User manual
[Table 1-1]
1.3 Product Specification
DGP-2000 DSC-2000
No. ltems
Description
1 CPU Cortex-A8, dsPIC33FJ256(16bit) | - dsPIC33FJ256(16bit)
2 S/W Windows CE 6.0 R2(0S) . Firmware
10.2" Color TFT LCD
3 Display 800 * 480(pixel) . Graphic LCD 128*64
16:9
4 | Flash M 256MB(Flash) 128MB
ash viemory 8GB(MicroSD card)
5 RAM 512MB . _
6 Operating Volt. DC 24V (16 ~ 30V) . DC 24V (12V~30V)
7 UsB USB2.0 1Port . -
8 | Operating Temp. -20°C ~ 70°C . 20~+70°C
9 Buzzer Piezo Buzzer 98dB . -
o | ¢ -~ J1939 CAN - RS232 57600bps
ormunication RS232 - CAN(1939)/250kbps
11 Size W 344 xH 271 x D 160 . W 170 x H 165 x D 30

[Table 1-2]
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2. Installation

2.1 Cautions

® Unskilled personnel should read this manual before use.

® Do not use or keep the product close to combustible sprays or inflammable.

® Use soft and dry cloth to clean the monitor.
Turn off the product, pull out the harness cable and then contact our service center when
you see smoke from the monitor or have strange smells.

® \When you see an alarm on, you always need to check the product before operation.

® Do not disassemble the product cover at discretion (warranty does not cover unauthorized
disassembly).

® Excessive impact may damage the display although a reinforced display is used.

® Use connectors matching each other when connecting them to the back of the product.
Do not contact or remove connectors while the power is on. It may cause electric shock or
lead to malfunction.

® Do not exercise excessive force when rotating to ON/OFF with the key inserted.

® Do not use the product with wet hands.

® Use protective caps for back side connectors that are not used.

2.2 Installation

- Install DGP-2000 in the engine room by using Desk Mounting brackets delivered with the product.

X Spec. of mounting hole : M6 bolt [Fig 2-1]
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» Installation Sequence for DGP-2000

1) Check whether the engine room has engine harness wiring.

2) Separate the temporary assembled bracket from product.

3) Use the mounting hole to fix the bracket in a place within reach of the engine harness wiring.

4) Place the product inside the bracket connected with the rotation lock to connect it with the

rotation lock.

5) Put the wave washer in the fix handle and connect it with the fix handle. Then adjust the viewing

angle of the LCD.

X Where there are things to which the product can be fixed, use spare holes with the bolt or other.

3. Part Names, Operation and Settings

3.1 Front Side

3.2 Back Side

[Fig 3-1]

[Fig 3-2]

No. Name Ref.

@ LCD p15

@ Function Key p13

® Key Switch p11

@ USB p11

® Buzzer p11

® Start/Stop Button p12 [Table 3-1]

No. Name Ref.

@ Main Connector(2EA) p8

@ DSC Connector(2EA) p10

®  CAN & PC Communication p10

) Fuse(6A, 10A) p11

® Buzzer p11

® DSC -
[Table 3-2]
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3.3 External Connections

- External connection terminals are used for inputs and outputs of generator engine control signals and

each sensor signals.

3.3.1 Power Connector

- Power connector supplies power and power signals.

1 Alternator In Battery
2 - -
3

Battery(+)(DC 24V) Input to fuse
4
5 Starter Signal -
6 - -
7 - -

[Fig 3-3]
9 Starter Signal -
10 Actuator A -
11 Actuator B -
12 GND
Power
13 GND
14 Battery(+)(DC 24V) Input to fuse
[Table 3-3]




HY-DGP-eMANUAL-001

3.3.2 Signal Connector

- Signal connector supplies sensor signals.

[Fig 3-4]
SIGNAL CONNECTOR « . Only for IMO Tier3
[No. P Descipion  Remark No. P Desciptin Remark |

0 Exhaust Gas Temp. Sensor 1 (+) - 19 Spare Analog Input 3 -

2 Engine Water Temp. Sensor - 20 Pickup Sensor (+) -

3 Engine Oil Pressure Sensor - 21 - -

4 *Engine Oil Temp. Sensor - 22 - -

5 *Boost Air Pressure Sensor - 23 GND Sensor
6 *Fuel Level Sensor - 24 -

7 - - 25 Exhaust Gas Temp. Sensor 2 (+) -

8 Spare Analog Input 4 - 26  Exhaust Gas Temp. Sensor 2 (-) -

9 Spare Digital Input 1 - 27 - -
10 - - 28 - -

11 Fuel Leakage Switch - 29 - -
12 GND Sensor 30 - -
13 Exhaust Gas Temp. Sensor 1 (-) - 31 - -
14 Engine Water Press. Sensor - 32 - -
15 - - 33 - -
16 *Engine Water Level Sensor - 34 - -
17  *Boost Air Temperature Sensor - 35 GND Sensor
18 Spare Analog Input 1 - - - -

[Table 3-4]
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3.3.3 CAN Connectors

- CAN1/CANZ: for multi panels 1 +12VO0ut  +12VO0ut  +12V Out
- CAN3: PC communication, firmware download

2 GND GND GND
3 CAN1T_H CAN1T_H CAN2_H
4 CANT_L CAN1T_L CANZ2_L

5 Battery(+) Battery(+) PC_RXD1

CANT CAN2 CAN3 6 GND GND PC_TXD1
[Fig 3-5]

[Table 3-5]

3.3.4 External Buzzer Connector

- Additional connection for external buzzer harness

- Generating external buzzer alarms for warnings

1 Battery(+) — Output of fuse
EXT. BUZZER 2 Alarm Out
[Fig 3-6] [Table 3-6]

3.3.5 DSC Connector

- Connecting DGP-2000 with DSC-2000

- Function of DSC-2000 power supply, pick-up signal transmission, actuator signal transmission

and CAN communication function

A Actuator A Control signal for actuator
B Actuator B Power for actuator
e e e AR C _ _
[Fig 3-7]
[Table 3-7]

10
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1 Batt. + Power DSC power on(off) by engine
2 Batt. - Power start(stop)
Original pickup signal through
3 RPM Pick-up signal J p. ) P =19 9
digital panel
Fig 3-8] 4  CANH CAN High
'9 DSC Inform., Idle/Run Switch
5 CAN L CAN Low
6-7 - - -
[Table 3-8]
3.3.6 USB Connector
- USB memory can be inserted for data backup.
USB
3.4 Fuse and Buzzer [Fig 3-9]
3.4.1 Fuse
Press
- It consists of 6A(for digital panel) fuse and 10A(DSC-2000) O recover
FUSE
fuse [Fig 3-10]

- 10 seconds after fuse operation, press fuse button to recover

3.4.2 Buzzer
- Generate alarms for sensor problems

BUZZER
[Fig 3-11]

3.5 Key Switch

- Key switch is used to boot and turn off the digital panel or stop the engine.
1) Use the key contained in the product to insert it and rotate to the right
over 45° (ON) (when the key is ON, the key should remain inserted).

2) When the key is ON, the product will boot and the gauge display will
[Fig 3-12]

11
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appear in about 15 seconds.

3) Rotate the key to the left by 45° (OFF) to turn it off.
- When rotating the key to the left (OFF) while the power is on, the

display will show a popup message for 300 seconds. The engine will stop

and the event will be saved after 300 seconds.
- When the popup window appears, rotate the key to the right (ON) to Key Switch

remove the window and keep the engine on. [Fig 3-13]

3.6 Start/Stop Button

- Start/Stop button is used to start/stop control for the generator engine.
1) Press the button for more than 1 second while the key is ON,
the engine will start (the button LED will flash when pressing the button).

2) Press the button for more than 1 second while the key is ON and the engine

is in operation to stop the engine. Start/Stop Button
X The time can be set from 1 to 3 seconds. Ask for the service member. [Fig 3-14]

X Installed the protection cover to prevent object come in.

3.7 Emergency Stop Button

- Emergency Stop Button is used to urgent engine stop for the emergency situation.
1) Press immediately when an emergency situation occurs in the
engine run state.

— Red LED on while pressing
2) Release the button after the engine is completely stopped.

— LED off when released

X If you release the button before stopping the engine, the engine

Emergency Stop
Button
[Fig. 3-15]

will restart.

12
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3.8 Function Keys

Function keys are used to adjust LCD brightness, alarm mute, Idle/Run, Digit on/off, Home and other

settings, move to and select menus, and reset the system.

LCD Brightness

Alarm Mute

Idle/Run

Digit

Home

Setting

Up/Down

Enter

Page

System Reboot

@ ® © e 6
©@®@ QO ©

®

[Fig 3-16]

LCD brightness adjustable for 5 different levels (when rebooting the

system, the previous setting will be maintained)
Turn off the buzzer sound
Changing the engine status Idle to Run

Digit is default on

Press DIGIT, the number light will be off

Press while the display is off, the number light will turn on
Move to main gauge display

Move to main display without saving when pressing it in page mode
Engine Model setting

Master/Slave setting and ON/OFF setting to start the slave
ON/OFF oil supply mode

USB backup and date(year/month/hour) settings

Setting PID

Droop On/Off

Move the cursor up and down in setting window
Select menus or functions in the setting window

Move to spare sensor display (display page 2) / Move to event

summary display (display page 3)

Rebooting for system errors (press it for more than 3 seconds to reboot)

[Table 3-9]

13
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3.8.1 Setting Items

[Fig 3-17]

P Setting Functions and Descriptions

N

Press Setting button and then use Up or Down button to move to functions to be changed.

Press Setting button to go back to gauge display (changes will be automatically saved).

Engine Model

Master / Slave

Slave Engine Start

Oil Supply Mode

USB Back Up

Droop

PID

Date Setup

Engine model setting (refer to the appendix for the

list of engine models)

Master/Slave setting for multi panels

ON/OFF setting to start by slave

Engine cranking

USB backup for the saved event files

Setting the engine's droop mode

Changing PID values

Date and time setting

[Table 3-10]

14
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3.9 Display Structure

Water Temp.

10

Exhaust

Gas Temp.

L il

—
OVER SPEED

“EAnona
IDLE LEGLE  Eng. Model
\')

Engine Model

[Fig 3-18]

- Gauge display shows various gauge data including pick up(RPM) sensor, coolant temperature,
exhaust gas temperature and engine oil pressure.

- DSC-2000 information icons to monitor the generator's status.

- It also includes battery voltage indication, accumulated engine operation hours, coolant
temperature, engine oil pressure, gearbox oil pressure, charging, coolant level, fuel leak and

overspeed alarm.

3.9.1 Engine Speed (Tachometer)

- It shows engine RPM in gauge and digital values and counts accumulated engine operation hours.

- Harness — Digital Panel — DSC — CAN — Digital Panel

1) It shows the RPM indicated by the gauge hand in digital

RPM}x 100

values(red) for better accuracy.
2) It shows accumulated engine operation hours by hour unit.
(engine speed of 400RPM or faster will be counted and the

function is always on)

3) Starter Off RPM setting is available between 300 and 600RPM \ HYUNDAI 4
after the engine starts. v

(The service team can configure the setting in PC Manager) [Fig 3-19]

4) Engine stop(DSC function) and alarm lamp, buzzer at 115% of rate speed

15
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3.9.2 Engine Water Temperature

- It shows the coolant temperature in gauge and digital values.

1) It shows the temperature indicated by the gauge hand in
digital values(blue) for better accuracy.

2) It shows the open/short diagnosis for sensor problems.

= Open: 'ERROR’ / Short (GND): '----- '

3) It also serves as the water temperature switch.

4) It activates alarm and warning beep when the temperature
increases up to 93°C or higher.

5) When the temperature increases up to 103°C or higher, the engine will stop.

3.9.3 Engine QOil Pressure

- It shows engine oil pressure in gauge and digital values.

1) It shows the pressure indicated by the gauge hand in
digital values (blue) for better accuracy.

2) It shows the open/short diagnosis for sensor problems.

= Open: '----- "/ Short (Power): 'ERROR’

3) It also serves as the engine oil pressure switch.

4) It activates alarm and warning beep when the pressure is
1bar or lower (detects in 10 seconds)

5) When the pressure is 0.5bar or lower, the engine will stop

6) It will not work before the engine starts.

3.9.4 Exhaust Gas Temperature

- It shows exhaust gas temperature in gauge and digital values.
1) It shows the temperature indicated by the gauge hand in
digital values(blue) for better accuracy.
2) It shows the open/short diagnosis for sensor problems.
= Open: 'ERROR’ / Short (GND): *----- '

3) It warning light turns on at 600 °C or higher (spare sensor page)

[Fig 3-21]

[Fig 3-22]

16
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3.9.5 Battery Voltage
vV

- It shows battery voltage to indicate its conditions.
1) It shows in blue for voltage of 24V or higher and red for voltage lower than 24V.  [Fig 3-23]
2) It activates warning beep when the voltage is under 18V(regardless of whether the engine is in

operation or not). = Possible battery degradation when over 28.9V (overcharge)

3.9.6 Engine Check Lamp

- When there are sensor errors (Open or Short), the check sensor lamp will flicker

with buzzer.

[Fig 3-24]

3.9.7 Engine Alarm Lamp

- The alarm lamp will flicker with buzzer beeping when problems for coolant temperature, engine oil

pressuree, charging, coolant level, fuel leakage and over speed are detected.

@ @ ® ® ® ®

[Fig 3-25]
NO. Lamp Conditions
@  WATER TEMP(Coolant temperature) - When the temp is 93°C or higher
@  ENGINE OIL PRESS(Engine oil pressure) - When the pressure is 1 bar or lower
®  CHARGE(Battery Charge) - When the battery voltage is lower than 18V
@  WATER LEVEL(Coolant level) - When the level is 30% or lower(Default ‘disable’)
®  FUEL LEAKAGE(Fuel leakage) - When oil leak occurs(Default ‘disable’)
®  OVER SPEED(Engine over speed) - When the speed exceeds 115% of the rate speed
[Table 3-11]

X How to deactivate the engine alarm
- Press SYSTEM RESET button on the right for 3 seconds, the system will reboot and the alarm will be

deactivated(rebooting is available while the ship navigates without causing problems).

17
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3.9.8 DSC-2000 information icons

® ® @ O 6

——

©

[Fig 3-26]

3.9.9 Engine Stop

TARGET RPM

ACTUATOR DUTY 99.0

CRANK
OVER SPEED w

DROOP

1500 Target RPM for generator

Duty rate of the current actuator for generator
Indication for Power on/off status of DSC-2000
Indication for PICK-UP signal input status

Indication for generator OVER SPEED

®@ Q@ ©

Indication for generator CRANK status

®

Indication for generator RUN status

®@ @ ® © ® ®@ & ©

Indication for generator ERROR status

©

Indication for generator IDLE ON/OFF status

®

Indication for generator DROOP ON/OFF status

[Table 3-12]

When the over speed exceeds 115% of the rate speed — Function of DSC-2000

When the coolant temperature exceeds 103°C — Enable/Disable engine stop

When the oil pressure is lower than 0.5bar — Enable/Disable engine stop

When fuel leakage occurs — Enable/Disable engine stop

When the coolant level is 15% or lower — Enable/Disable engine stop

When 300 seconds alarm message pop up due to key off during engine run

When the stop button will be activated by users(Digital Speed Controller power off)

3.10 Spare Sensors

It identifies the status of spare sensors, product S/N, S/W version and date. Press Page button of

the function keys

to move to spare sensor page.

Eng Oil Press Eng Oil Temp. Water Temp. Ex. Gas Temp.
bar °C °C C
Boost Air Temperature
Boost Air Pressure(Low)
Boost Air Pressure(High)
Engine Oil Over Heat
Battery Voltage

Exhaust Air Temperature(High)

Water Level(Low)

Fuel Level(Low)

S/N 220903-001 GUI V2.5-200310 F{W v2.00 (Build:2022/05/01, Map:2023/01/12) [Flg 3- 27]
DSC VL.60 (F/W:2021/08/28) 2023/06/14 11:05:24
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*Boost Air Temperature
*Boost Air Pressure

*Boost Air Pressure (Low)
*Boost Air Pressure (High)
*Engine Oil Over Heat

Battery Voltage

Exhaust Air Temperature(High)

*Water Level (Low)

*Fuel Level (Low)

+ Alarm when the pressure is lower than 1bar
+ Alarm when the pressure is higher than 3bar

+ Alarm when the temperature is higher than 120°C

+ Alarm when the temperature is higher than 600°C
+ Alarm when the coolant level is lower than 30%

+ Alarm when the fuel level is lower than 30%

Current temperature of BATS(No alarm)

Normal when the pressure is between 1.1 and 2.9bar

Current battery voltage

* : Sensor for IMO Tier3

[Table 3-13]
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3.11 Event Summary

- It shows the numbers of normal operations, normal stops, emergency stops and sensor errors

together with dates of recent errors.

- Press Page button in spare sensor page to move to event summary page.

Jigital Panel Alarm Informatic
:I_Englno Run Count . 36 I::::Englno Stop Count 53 ::Enalno ShutDown Count | 149
'

[Fig 3-28]
Event List
P0201 Water Temp. Over Heat P0208 *Low Fuel Level
P0202 Low Engine Qil Pressure P0209 Engine Oil Over Heat
P0203 Battery Charge(Alternator) P0210 High Exhaust Gas Temperature
P0204 Fuel Leakage(Switch) PO211 *Low Boost Air Pressure
P0205 Over Speed P0212 *High Boost Air Pressure
P0206 Low Voltage P0213 Abnormal Engine Shutdown
P0207 *Low Water Level P0214 Low engine Speed
*: Sensor for IMO Tier3 Table 3-14]
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3.12 System Booting and Functional Check

- You can check whether the product is properly installed or not.

P Normal System Booting

1) Insert the key into the key switch and rotate it to the right (ON).
2) HYUNDAI logo will appear for 17 seconds while the system is booting
(refer to the image).

X If the logo does not appear after rotating the key,

®Rotate it to the left (OFF) and then to the right (ON) again

®Check the harness connection at the back of the panel

®Check whether the battery is discharged [Fig 3-29]
3) The gauge display will appear after normal booting.
®Gauge: check whether each gauge hand is within the normal range and ‘ERROR’ or '----- "is

displayed on the screen
X Where 'ERROR' or '----- " is displayed on the screen

®Check the harness connection

®Function keys : check whether each function key is active on the screen by pressing them

®Alarm : check whether the alarm is turned on

®Battery : check whether the battery voltage is 18V or lower
4) Where the initial gauge screen is normal, press START button for 1 second to start the engine
(the time can be set from 1 to 3 seconds by the service team)
5) Check whether the operation is in normal RPM (initial operation in 400RPM or faster with the oil

pressure of 1bar or higher) and whether alarm is turned on.

HYUNDAI

AT STAS/EX]) TH|I7t &= = JAFLCH
AolX| =t & 2 S|, FAl = A O|X|7} EAIEUCE

The engine is ready to run (start/stop).
The gauge screen is loading, the gauge will be displayed shortly.

[Fig 3-30]
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4. Multi Panel Structure

4.1 Multi Panel

- Panels can be installed up to 4 units except Master in the ship and you can check the ship

conditions and control those panels at any places of installation.

[Fig 4-2] Slave 1 [Fig 4-3] Slave 3

[Fig 4-1] Master

[Fig 4-4] Slave 2 [Fig 4-5] Slave 4

4.2 How to Install Multi Panel

[Fig 4-6]
. | e Master
[Fig 4-7]

Slave 1

[Fig 4-8] [Fig 4-9]
Slave 2 Slave 3
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X In order to install multi panels, all the necessary cables should be ready in advance(use the cables
with specification recommended by HYUNDAI).

1) Connect the CAN1 terminal of the Master panel and the CAN1 terminal of the Slave 1 panel as
shown in @ (2 panels).
®Master and Slave 1 connection completed

2) Connect Slave 1 (CAN2) and Slave 2 (CAN1) as shown in @ while maintaining connection as
described in @ (3 panels).
®Master, Slave 1 and Slave 2 connection completed

3) Connect Slave 2 (CAN2) and Slave 3 (CAN1) as shown in ® while maintaining connection as

described in @ (4 panels).
®Master, Slave 1, Slave 2 and Slave 3 connection completed

4) Connect Slave 3 (CAN2) and Slave 4 (CAN1) as shown in @ while maintaining connection as
described in ® (5 panels).
®Master, Slave 1, Slave 2, Slave 3 and Slave 4 connection completed

4.3 Multi Panel Settings

1) Press Setting button of the panel to be configured as Slave.
2) Move to @ when the setting screen appears (click Up or Down button to move).
3) Press Enter button to switch configuration between Master and Slave..

4) Configure the Master panel as described above.

X Notes
®Master mode is available for one panel only and Slave mode is available up to 4 units.

®You can permit Slaves to start the engine with Master panel only. Where you enable Slave Engine

Start setting, all Slave panels will be able to start the engine.

[Fig 4-11]
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5. Maintenance

5.1 Maintenance

- To maintain the performance of the device, regular maintenance is required.
1. Use soft cloth to clean the LCD without damaging it.

1) Clean the LCD after turning the power off.

)
2) Do not use cleaners with acids or ammonia.
3) Do not use neutral detergents to remove oil stains.
4)  Use cloth slightly wet in clean water to remove salt residuals or dust particles for natural drying.

If there remain stains, clean them with soft cloth (microfibers) once again.
2. Check whether the connectors or harnesses at the back of the device are properly connected or
whether they have dust or other foreign substances.
3. Check whether cables are damaged.
4. Request for checking when the software needs upgrade as follows:
- When the manufacturer releases official software for performance improvements

5. Don't give a large shock to the product.

5.2 Troubleshooting

- It describes possible measures for users to resolve problems while using the device.
1. The device is not turned on.

1) Check whether harness cables at the back of the product are properly connected.
2) Where harness cables have too much dust or moisture, remove them and clean the dust or
moisture. Connect them once again after a while.
3) Check whether the fuse button at the back of the product is pulled out.
4)  Check whether the battery is discharged.
2. You can see lines or shaking on the screen.
1) Reboot the product.
2) As the LCD is connected inside the product, do not disassemble it and contact the service team.
3. You can see alarm or hear warning beeps at the bottom of the product screen.
1) Check where the alarm occurs and then take measures as necessary (if you need to confirm
which alarm occurs, refer to Page 20 of this manual).
4. You cannot control buttons.
1) Check whether there are foreign substances at the panel buttons.
2) As the button connecting parts may be damaged, do not disassemble the product and contact
the service team.
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6. Warranty and A/S Service

6.1 Warranty

- As this manual contains important contents related to safety, use and maintenance of the product. So
please read this manual carefully and then use the product in a proper manner. Those who are not familiar

with the product should keep this manual close to it.
We are not responsible for human injuries or property damages caused by the following reasons:
® Where you use the product for purposes other than the ones described in this manual
® Where you alter the product or its components at discretion
® Where you disassemble the product at discretion to resolve problems
® Where you use accessories or parts not supplied or recommended by us

3 Where you use accessories or parts manufactured by other companies, please contact our service

center to check their compatibility.
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6.2 A/S Service Information

- When you request A/S service, please let us know the model name, breakdown conditions and your
contact information.

- Please ask the seller.
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7. Appendix

7.1 Generator Engine List

1500
DB58TI ADO66TI 129
1800
1500
D1146 AD136
1800
1500
D1146T AD136T
1800
140
1500
D1146TI AD136TI
1800
1500
D1146TIB ADO086TI
1800
1500
DE12TI AD196T
1800
152
1500
DE12TIB AD126TI
1800
4AD126TIF 1500
DX12 106
4AD126TIS 1800
1500
D2848LB AD158T
1800
1500
D2840LB AD180T
1800
1500
D2842LB AD222TI 160
1800
1500
4VD2848LB 4AD158TI
1800
1500
4VD2842LB 4AD222TI
1800
[Table 7-1]
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