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Chapter 1.

Fuel System

1. Fuel System Diagram

1) Schematics of the fuel system configuration

The application guideline deals with the fuel system configurations visualized.
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2. Diesel Fuel
2-1) Included Fuels

The design layout is done for fuel fulfilling all requirements of at least one of the following standards.
- EN590:2013/AC:2014
- EN16734:2016

- ASTM D975C-15 Grades 1D or 2D, with the restrictions regarding paraffinic fuels and FAAE as
indicated below

- JIS K2204:2007 with a lubricity (HFRR test, per test method 1ISO12156-1)<520um and acc. To the

Japanese legal regulations with the restrictions regarding paraffinic fuels as indicated below This
includes up to 5% of FAME acc. To JIS K2390:2008.

- GB252:2015 and GB19147:2013

- 181460 2005 Amm. 10 BSII or BSIV

- ANP69/2014
- GOST R32511-2013 except it's arctic classes 3 & 4
- EN15940:2016 +A1:2018+AC:2019

The standard fuels must meet the requirements below
- FBT(Filter Blocking Tendency) : < 2.5 per IP 387

- MG(Mono Glyceride) : Must comply with EN14214(within 0.7%), ASTM D6751(within 0.4%)

* First Fill

For the first fuel fill, the following additional requirements are strongly recommended.

- Lubricity < 400pm HFRR

- No blends with fatty acid methyl esters (i.e. biodiesel) to avoid premature fuel aging in the vehicle
tank.

» Paraffinic fuels

Paraffinic material (synthetically produced hydrocarbon, hydro-treated vegetable oil, and fats) hold
promise as a blend component in conventional diesel fuel. The use of paraffinic blended fuel is
covered by this data sheet, provided that the final fuel fulfills an allowed fuel standard as indicated
by this data sheet.

NOTE: ASTM D975 and JIS K2204 specifications do not exclude neat or pure paraffinic fuels. Neat
paraffinic material characteristics can differ substantially from fuels described in this datasheet and
therefore additional validation for such material is necessary.

» Fatty Acid Alkyl Ester (FAAE) as blend component

Due to market availability, validation of such blend components has only been done with fatty acid
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methyl esters (FAME). Fuels according to ASTM D975 could contain other non-validated FAAEs
according to ASTM D6751.

» Specification gaps in the fuel standards

Fuel standards are not comprehensive technical specifications. Consequently, fuels which comply
with a standard, yet are placed in service under boundary conditions unintended or unanticipated by
the standard (or application or market) may incur additional uncertainty regarding the fuel fitness for
use. Examples are metal contaminations, high-molecular biogenic components (filter blocking),
additive incompatibilities or process chemicals from fuel production.

« Aftermarket admixtures and additives

Use of fuels with aftermarket admixtures and/or additives (e.g. usage of fuel borne catalyst) are not
included fuels. Under special boundary conditions (e.g. usage of additives to support the diesel
particulate filter) the usage of such additives can be tolerated. In the event supplementary
aftermarket admixtures and/or additives are used, consequential FIE damage from such usage are
the exclusive responsibility of those marketing and/or using it.

e Fuel requirements

- The properties of diesel fuels can easily change by various factors, under different conditions
used by customers. (Particles in atmosphere, moisture in air, temperature change, storage
periods, local fuel quality, dirty storage condition, etc..)

- Biodiesel (BD) is derived from natural oils, and can thus, deteriorate. The deteriorated BD
contains acid, sticky substances (sludge), diesel fungi, and etc., which can increase in fuel.

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

- In case of poor field fuel management and environmental conditions, the maintenance of fuel
filter may be shortened. It is recommended to use an e-feed pump with pre-filter.

- The customer must follow the installation guide and apply an appropriate fuel filter system in
consideration of the fuel use environment characteristics of the equipment.

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

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

- Any problems or risks associated with the use of unsuitable fuels will not be covered by HDI's
warranty. (Such claims will not be covered by HDI's warranty)

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

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

(i) The end of the air inlet should be protected from dirt/mud/water intrusion.
(ii) A suitable air/moisture filter system should be included in the tank breathing system.

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

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

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

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

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

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

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

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

2-2) Exempted Fuels

The FIE components must be operated at all engine application conditions with fuels according to this
document so that potential impairment of the components caused by fuel effects is minimized (e.g. as
a consequence of aged fuel, supplemental additives or admixtures, contamination, or unconventional
non-validated fuels).

Exempted fuel includes the use of pure or intermixtures with gasoline, kerosene-type fuels and other
fuels potentially available in some markets but not compliant to the fuel standards mentioned above.

Fuel ageing may lead to FIE malfunction by restriction of moving parts throughout the Low- pressure
circuit and the FIE. Operation of the FIE with aged fuel is exempted in this document by HDI.

An applications' fuel ageing reserve depletion is decisively influenced by the specific low- pressure
circuit layout as well as environmental and other operational conditions. Extended engine standstill
periods, especially with diesel/FAME-blends, can lead to depletion of the fuel ageing reserve. To
reduce the potential for resultant aged fuel FIE damage, it is highly recommended to take appropriate
measures based on specific customer/application use case assessment by the OEM. Some examples
are given in the table below.

Use case Measure Example
Foreseeable long standstill Fill up, preferably with biodiesel-| Seasonal equipment (motor homes, winter
free branded fuels services, agricultural), new vehicles

(especially export), emergency gensets

During service, if applicable Additional check of aging Emergency gensets, vehicles with

before placing into operation | reserve of the fuel in the tank, extraordinary long standstill due to overseas
if necessary, replace fuel and export or fabrication completion at 3rd party
thoroughly flush the fuel plant

system by engine operation

2-3) Boundary Conditions
+ Fuel filtration

The requirements on fuel cleanliness regarding water and particles are defined independently from
this characteristic data sheet in this guide.

» Avoidance of materials

All component surfaces in direct contact with the fuel must not contain copper (Cu), zinc (Zn), lead
(Pb), sodium (Na) & calcium (Ca), as far as technically possible. Copper-containing materials in
particular catalytically accelerate the ageing process of diesel fuel. The resulting fuel ageing,
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especially with admixtures of FAME, can lead to deposit formation and corrosion inside the FIE.
Zn or Pb dissolved into the fuel from materials may lead to increased deposit formation. FAME

increases the risk of dissolving such elements out of materials or surfaces.

Sodium & Calcium lead to deposit problems. Usually, these elements get into the fuel due to
contamination. But if the customer is using parts which have surfaces which are also covered with
/ made of such metals and they are in contact with fuel, this can also lead to deposit problems.

2-4) Responsibility

The fuels according to this document must be fully represented in the customer's engine and (where
relevant) application validation program prior to usage of the series product by the end-user. It is
recommended the OEM informs the end-user about appropriate measures for maintaining the fuel
quality as described in this characteristic datasheet until consumed. The liability of HDI is excluded in
case of damages caused by fuel.

3. Filtration System

3-1) Fuel filter system guide

Continent Country Extra Pre-Filter Pre-Filter All in One Filter
Korea/Japan N/A Recommend
ASIA
The rest of the countries Recommend Mandatory
EU / Tlrkiye N/A Mandatory
Europe : Mandatory
Russia Recommend Mandatory (DI)
N%rth/ S.OUth All Recommend Mandatory
merica
Africa All N/A Mandatory

-Refer to the Operation & Maintenance Manual for the period of the fuel filter replacement

-If a pre-filter is not applied, the replacement cycle of fuel filter is reduced by half

3-2) Fuel filter specification

* General remarks

In the modern common rail system (CRS), the necessary filtration efficiency for the particles depends
on the used components (high and low-pressure system), the vehicle based influencing factors (like
e.g. filter mounting position, tank ventilation...), and the basic contamination of the used fuel.

Due to the several influencing factors (fuel properties, mechanical vibration, volume flow, number of
starts, pressure, and volume pulsations...), the efficiency achieved by the fuel filters during vehicle
operation is mostly less than the efficiency measured in the laboratory according to the standard.

Filter Particle Size

2 4um©

2 6um©

2 14um©

Efficiency

2 99.6%

2 99.9%

299.9%

X The given values are valid for initial efficiency according to ISO 19438 (2003) at a volume flow of 120 {/h.
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3-3) Definition water trap

General remarks

CRS components are partially sensitive against water contaminated fuels, because these fuels may
cause corrosion problems and excessive wear due to the modified lubricity of the fuel.

With the application of efficiently working and regularly serviced water traps it is possible to largely
extract the undissolved (free) water out of the fuel and by this to inhibit damages and minimize water-
related incidents on CRS components.

Definition water trap

The target is to avoid undissolved water inside CRS. Required minimum water separation efficiency
for Common Rail injection system.

The water separation efficiency always = 93 % within whole project specific flow rate from minimum
to maximum measured acc. to ISO/TS 16332 (2006) with standard conditions, but fuel with the
interfacial tension (IFT) 11~15 mN/m, DSEP (Diesel micro separometer)) < 50 (see hints) and droplet
size.

- <10um if there are any emulsifying devices upstream of the water separator, e.g. pre-delivery
pump

- <150um if there are no emulsifying devices upstream of the water separator at all. Alternatively,

SAE J1488 Revised OCT 2010 can be used, but with a fuel with the interfacial tension
11~15mN/m and DSEP (Diesel micro separometer) <50.

If the customer installs an e-feed pump, the pre-fuel filter must be applied.
- The pre-fuel filter can protect the e-feed pump and improve durability.

- The water in fuel must be removed from the pre-fuel filter before passing through the e-feed pump.

If the customer does not use the pre-fuel filter supplied by HDI, a pre-fuel filter that the customer
applies must meet the following specifications.

Dust Filtration Efficiency

(Test per ISO 19438) 295%, 30un©

Water Separation Efficiency >93%

(Test per ISO 16332 or SAE

J1488) (IFT : 11~15m.Nm, DSEP 50, DSD=50 : droplet size <150um)
Rated flow 180¢/h

Max. delta P across filter
assembly
(Test per ISO 4020)

New filter: <10kPa
Used filter at change interval: <30kPa

Change interval Maximum 1,000 hours

All material and surface treatment that contact with fuel must

Flrelilsnten i be not contained Na, Cu, Zn, and Pb.

Collapse Pressure > Sbarrel. _
(ISO 4020) The fuel filter assembly must withstand below burst pressure

without any defect.
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Purpose of this requirement

- The test procedure represents a method, which allows a relative or comparative assessment of
the water separation function under defined laboratory conditions.

- By obtaining the required separation efficiency, a minimum standard of the water trap is ensured.

- This should not be interpreted that a certain level of undissolved water is acceptable for use in
CRS.

Hints

- IFT measurement according to ISO 9101 (1987) or ASTM D2285 (1999), DSEP according to
ASTM D7261 (2013).

- Test fuel with required IFT and DSEP shall be produced by mixing ULSD fuel without additives
(e.g. by clay treatment, see SAE J1488 appendix A1.1) and B100 made out of organic material
acc. to EN14214 or ASTM D6751 to Bx (Blend from mineral fuel and x% biodiesel). A blend rate
5-10% RME (rapeseed methyl ester) can be expected, depending on mineral basic fuel.

4. High-Pressure Pump
4-1) Function description

The CP4 is a 1-cylinder radial plunger high pressure pump. It creates the system pressures required by
the Common Rail Injection System for all operating conditions of the engine. Possible governing of
system pressure: by using the integrated fuel Metering Unit (MeUn).

CP4.1 Pump overview for D34

Fuel return

Metering unit
N

Cylinder head with
high pressure —
connectors

Low pressure e

Flange
88 connectors

Overflow valve ~~
Housing -~

- Direction of rotation

Shaft Gear Pump
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4-2) ldentification and labeling

Plant code
Type Label W erk-Kennzahl
y L
Typenschlid

—Bosch part No.

Bosch-SRN
Customer code number:
Kunden-Sachnummer Type-formula
typ-Formel
Assembly line code——
Montagelinie Code Data Matrix code
Limited warranty—
Eingeschraenkie Garantie

Daily Mfg. Date- T
Tages-FD

—Country of origin
Herkunftsland

Consecutive No. of the pump J
Lfd. Nr. der Pumpe

5. Common Rail System

5-1) Function description

The Hot Forged Rail (HFR) is to be used exclusively in Fuel-Injection Equipment (FIE) for diesel engine.
The HFR18/OHW is developed for a system pressure of 1,800 bar.

The functions and sub functions of the HFR are (for the functions of rail attached components)

To store the fuel at required pressure

To distribute the fuel from high-pressure pump to the injectors

To ensure the backflow from Pressure Limiting Valve (PLV) to the Low-Pressure Circuit (LPC)
5-2) Interfaces

Interface to LP

HP connections
connector 1x to pump
4x to injectors

orv R Y Brackets " " J’
L \ @& (2x) ameplate _

5-3) Identification and Labeling

NAME PLATE
PLANT CODE

SERIAL NUMBER

MANUFACTURING LINE
MANUFACTURING DATE

DATA MATRIX

BOSCH NUMBER

COUNTRY OF ORIGIN
CUSTOMER NUMBER
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6. Injector
6-1) Function description

For every single combustion cycle, the injectors meter and distribute the diesel fuel into the cylinders of
the engine.

6-2) Product identification

The Common Rail Injector is a part of the direct injection system of a diesel engine. The CRI is arranged
between the rail and combustion chamber, in the cylinder head. The task of the CRI is to meter and to
atomize the pressurized fuel to achieve mixing of fuel and air in a specific volume of the combustion
chamber.

CRI2-18 OHW Injector overview
=

Magnet nut
8! %/‘ High pressure fitting

Magnet group - &

Electrical connector
Backflow tube

High pressure fitting

Injector body
O-Ring

Nozzle nut

Seal ring / Copper shim
Nozzle

6-3) Identification and Labeling

Label

PRODUCTION DATE

104 CODE DATAMATRIX _
OSCH ORDER NUMBER

A CODE ALPHANUMERIC

CUSTOMER PART NUMBER -~

6-4) Safety and Warning notes

The following fundamental misuses are known from customers, field experience, development and
testing. The CRI does not have to fulfill its tasks under these circumstances and could be damaged.
They are regarded as misuse. An overload of the product could cause heavy damages, e.g. at the
engine or the vehicle.
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6-5) Shipment, assembly, start and end of operation, storage, service, maintenance, and recycling

Mounting of injectors to the engine

Any work on the injection system should be carried out only in the load-free and pressure-free
condition. During the assembly, disassembly, or cleaning of injectors, cleanliness should be
maintained in order to prevent the entry of particle matter into injectors or the engine.

Protective caps should be removed immediately before installation. The damaging of the nozzle
tip or its spray holes must be avoided. External seals (O-rings) can be moistened for an easier
mounting (e.g. with assembly oil, engine oil, or diesel). Aqueous lubricants or anti-friction agents
are not permissible. In order to prevent corrosion on the injectors and on the cylinder head, the
customer has the option to lubricate the nozzle retaining nut and the injector body up to the locating
flange. This makes the dismounting of injectors easier. Before the assembly, the correct position
of the copper sealing washer on the nozzle retaining nut must be checked.

Please pay attention that the injector is introduced into the cylinder head bore without any damage.
The application of force on the backflow connector or on the plastic head of the injector is not
permissible. It is important that the backflow connector is not damaged by the mounting of the fuel
return line. Particles or edges out of the mounting process can cause an incorrect connection of
the fuel return line with the injector or leakage.

All plug connections must be safety latched and locked after the assembly.
The nut of the high-pressure connection must be properly fastened before the first operation.

Injector-specific data like the IQA codes should be transferred into the ECU. These serve the
purpose of correct actuation of the injectors and with it, the intended operation.

A deflating of the injectors before the first use is not intended.
Demounting of injectors from the engine

Injectors must be demounted in a manner similar to that of assembly.
Open connections must be closed with protective caps.

To loosen the nut of high-pressure pipe, the hexagonal bolt of the high-pressure connector must
be fixed firmly. If this inlet connector is loosened, the high-pressure tightness of the injector will no
longer be guaranteed.

If the injector is loosened by turning in the cylinder head, for example, the screw connection at the
nozzle can be damaged or loosened. Then the tightness of the injector will no longer be guaranteed.

Re-mounting of injectors to the engine

Every time the injector is demounted, the used copper sealing washer must be replaced by a new
one. Before the injector can be remounted a cleaning of the sealing surfaces without damaging is
necessary. In order to keep the cylinder-specific correction data in the engine management, the
injectors must be installed on the same cylinder, if re-used. The mounting on another cylinder is
possible, but the correction data of IQA must be revised in the engine control unit.

The cleaning of injectors is possible with an ultrasonic cleaning device. This might be necessary
for the service if some sealing between the injector and cylinder has been not tight. Before cleaning
prepare the injectors with protection caps at backflow, high pressure, and the electrical connector.
The injectors can be cleaned below the high-pressure connector in a perpendicular position in the
ultrasonic bath. The nozzle tip is only allowed to contact the ultrasonic cleaning liquid. Special
equipment can be used to fix the positions of injectors in the cleaning liquid during the cleaning
process. If no ultrasonic cleaning device is available, the cleaning of the injector shaft is possible
by manual brushing. During this brushing process, the injector must be equipped with protection
caps at backflow, high pressure, and the electrical connector and additional at the nozzle.
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Mechanical cleaning of the nozzle shaft is not permitted to prevent damages of the spray holes.
The injector should be protected against corrosion (e.g. by grease) after brushing.

Washing of the injector with the permitted fuels is possible to clean the nozzle. It is very important
to prohibit contamination of the injector during the washing process.

In order to assure safety no other treatments of the injector are allowed except the here mentioned
methods.

6-6) Fuel return line from Injector

The fuel return line collects the fuel return quantity appearing at the injectors and returns this quantity
into the tank. For this purpose, the so-called T- and L- return connectors are connected to hose pieces.

The return connectors have an interface to the injector and are fitted to it. The non-return valve serves
to maintain the counter pressure in the fuel return line required by the injector.

Mounting

Mounting has to be done manually. Insert return connector on injector return connection (up to
contact of the stop surface to the injector) (left picture). Subsequently, close the locking clip (clip
must lock in place when closed and must be even with the mounting surfaces) (right picture).

To ensure the function, the return connector should be mounted as per the mounting instructions
mentioned above. Otherwise, fuel can leak out.

Montageflachen /

l Mounting surface
Al

I % nschlagflache /
Stop surface

Demounting

Demounting should be done manually. Open the locking clip. While doing so, press on the
mounting surface in the direction of insertion (locking clip must snap-in in the open locking position)
(left picture) Subsequently, remove the return connector from the injector return connection (right

% T

!

MontageﬂachenlE l % ; iige! /
Mounting Surface Sihensgshigel

Locking Clip
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CAUTION.

Be careful to avoid damage for fuel return hose of injector. Don't press on the fuel hose, Don't drop
heavy tool like as spanner on engine, Don't step on fuel hose, Don't stand on engine. If the fuel
hoses are broken by wrong handling, it is possible fire.

7. Low-Pressure Circuit
7-1) Introduction

This guideline contains recommendations for the dimensioning of the low-pressure connections and of
the tank system and gives an overview of the specifications of the common rail components in the low-
pressure circuit. It also describes the initial filling of the high-pressure pump as well as possibilities for
the re-start after filter change or after driving tank empty.

The proposed inner diameters in the low-pressure circuit are typically recommended values. Please
note that the pressure specification at the interface with the CR components must be kept. Inner
diameters of lines and connectors have to be chosen accordingly.

7-2) General recommendations
* Do not kink pipes.

» Tighten the connections properly as leakage will not be detected in the suction and backflow area
by the system itself. Lines, connections and components must be tight.

» Pipes and connection parts containing copper, zinc, lead, sodium & calcium must be avoided.
* The return flow pipe must end below the minimum fuel level of the tank.
» Lines must withstand the occurring temperatures.

* Lines must withstand the occurring pressures.
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Schematics of the system configuration
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7-3) Recommendations for the pressure, temperature, dimensions of pipes, and connectors of the low-
pressure circuit.

Inner diameter Pressure Temperature

Fuel Inlet 28 mm 0.35~1.5 bar_abs max. 80°C

Fuel Return 28 mm max. 1.2 bar_abs max. 120°C
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7-4) Low-pressure circuit cleanliness

Cleanliness for inlet to CP4 Pump (LP-area) based on a particle count depending on particle size
according to 1SO16232

If use the fuel filter supplied by HDI, the cleanliness must be observed.

Particle size (um) measured in | 540,100 | 100sx<200 | 200<x<400 | 400<x<600 | x2600
the greatest particle extension

Fuel tube or hose between

main filter outlet and CP inlet 105 27 0 0 0

If not use the fuel filter supplied by HDI, the cleanliness must be observed.

Particle size (um) measured in | 50100 | 100=x<200 | 200<x<400 | 400=x<600 | x2600
the greatest particle extension

Main fuel filter in clean side,
fuel tube or hose between main 350 90 5 0 0
filter outlet and CP inlet

7-5) Recommendations for the fuel tank system

The CR-components must be protected against the extreme wear caused by particles present in the
fuel by using a suitable filter system. As far as the tank is concerned, it is strongly recommended to
design the breathing system with an appropriate air filter system. By doing this it is possible to avoid the
pollution of fuel by particles present in the environment. This measure is mandatory for vehicles running
in dirty environments or under severe conditions. Fuel pollution produces considerable wear (up to
damage) of the CR components and reduces the lifetime of the main filter. Besides this the risk of a
breakthrough for the filter elements increases. Another problem can be the sucking of air out of the fuel
tank and into the GP (and consequently into the CRS). This should be avoided by an adequate design
of the tank or installations.

7-6) Initial filling and operation of CP pump

» General consideration
- Adry run of the CP pump is forbidden
- The system bleeding requires an external fuel lift pump, e.g. an electric feed pump

- For the first filling, it is strongly recommended to use the fuel with a FHRR value < 400um

- For the first filling, the usage of fuels with biodiesel content is not recommended.

The filling time of the CP Pump and the Fuel Injection System depends on the air content in the pump
and the system and on the capacity of the external fuel lift pump. The completion of the pump and
system filling with fuel is detected via a visual check of the return flow at the pump low-pressure return
connection. In case of the usage of non-transparent backflow pipes, it is the customer’s responsibility
to ensure a sufficient filling time.
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7-7) Re-start after than empty drive or after fuel filter of CP change in service

Tank empty drive

In case that the low- and high-pressure circuits of the CRS get filled with air, a restart can be
problematic. As a first step the usage of the hand primer is necessary to ensure the filling of the LPC.
Please activate the hand primer until the encountered resistance is big enough. If possible, check
the presence of fuel backflow from the CP.

Fuel filter or CP change

After a fuel filter or CP change and before an engine restart, it is necessary to use the hand primer
in order to fill the CRS low pressure circuit with fuel. The hand primer should be used until the fuel
comes out from the CP backflow and the resistance encountered by activating the hand primer is
big enough. In case of usage of non-transparent pipes, we recommend disconnecting the CP
backflow connector in order to check the fuel flow. The time needed to fill the low-pressure circuit is
dependent on the specific customer configuration.

7-8) CP pump inlet pressure requirement and LPC Installation guide

The CP pump inlet pressure should be maintained at 0.35-1.5 bar (abs). To meet pump inlet pressure
0.35-1.5 bar (abs) up to altitude 2000m, the LPC allowable maximum resistance pressure must be
within A30kpa. The requirement is the same when adding a pre-fuel filter. If the requirement is not met,
a feed pump can be applied between the tank and the pump to meet the requirements. (high altitude,
pressure loss due to a long hose, filter differential pressure, etc.)

See the below picture regarding applying the electric feed pump supplied by HDI. If to get more
information about the electric feed pump, contact HDI Infracore or its dealers.

LPC system of applying e-feed pump

Pre fuel filter E-feed pump Main fuel filter Engine

/\ 1 Over flow valve
-
<>

1
I
| 1.35~1.5
I
I

(Check valve)

bar_abs

-—————e

FUSE -
Doosan

Battery =
supply scope

ECU E-feed pump relay

Fuel Tank

E-feed pump controlled by ECU Key-on Cranking &

ECU control the relay low side to activate. (On/Off control) Running

Run 30sec
and Stop

QOperating On

The pressure of the main filter supplied by HDI is less than 10kPa (Test per ISO 4020, rated flow: 180I/h),
and the recommended change interval is maximum 1,000 hours. The required change interval depends
on the filter surface, fuel consumption and fuel quality by country and region

In extreme conditions, it can happen sooner than the expected lifetime of the Filter. If there is a large
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amount of impurities in the fuel, the total LPC resistance before reaching the replacement cycle may
reach 30kpa. Therefore, the total resistance needs to be controlled so as not to exceed 30kpa.

HDI does not guarantee the loss of power or damage of the FIE system, which occurs when the LPC

resistance exceeds 30kpa before the fuel filter change interval.

7-9) Interface connection information

* CP Pump inlet port: SAE J2044 O.D 911.8 Quick Connector type

* Fuel return port: SAE J2044 O.D @10 Quick Connector type

* Fuel filter in/outlet port

Hose and Clamp type: JASO M 101-94 Bulge shape for 10 outer diameter
Quick connector type: SAE J2044 for @10 outer diameter

e Fuel filter

WIF sensor matching connector: DEUTSCH DT06-2S
Fuel heater voltage: 12V(Gray) / 24V (Black)

Fuel heater matching connector: DELPHI 15300027
Fuel pressure sensor matching connector: FCI F519600

Fuel temperature sensor matching connector: TYCO 936248-2
Mounting guide: Vertical(permit up to max 10° when tilting)

* Electric feed pump

E-feed pump inlet port : JASO M 101-94 Bulge shape for 10 outer diameter

E-feed pump outlet port : JASO M 101-94 Bulge shape for 9.52 outer diameter

E-feed pump matching connector : DEUTSCH DT06-2S

* OFV(Over Flow Valve)

- OFV in/outlet port : JASO M 101-94 Bulge shape for 12.7 outer diameter
- OFV return port : JASO M 101-94 Bulge shape for 29.52 outer diameter
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Chapter 2. Electrical System

1. ECU

ja W

1-1) Operational requirements

[Supply Voltage]

+ Functional range*1 6V—- 16V

Starting condition (actuation of the starter relay) 4.5V - 6V

Limited operation with increased tolerance*2 6V — 10 V and 16V — 18V

Full functional range 10V — 16V

Limited operation impact on lifetime 16V - 18V for max. 1h at Ta = 23°C
(With increased tolerances)
» Jump Start 18V - 24V for max. 60s at Ta = 23°C

If other restrictions of the functional range result from the normative requirements (e.g. LIN-
specification), these are also applicable without explicit naming. For operating voltages <6 V without
activation of the starter the ECU can switch off for protection. When returning to normal operation or
to the functional range, the defined function is resumed again.

*1 Limited diagnosis functionalities from 6V to 10V
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*2 Increased tolerances are mainly available in the injection system and the power stages. Functional
restrictions are possible by calibration.

[Power Consumption]

The power consumption and power dissipation of the control unit are dependent on the connected
components and the operating state.

Table 4 illustrates the possible power dissipation of the control unit for three operating points. The
values specified within the table are not intended to be complete. Furthermore, power dissipation
strongly depends on the properties defined in the application (e.g. activation of specific actuators,
injections, etc).

Idle Partial load J Full load
Engine speed (1/min) 800 1500 3000
Number of injections 5 b 4
Total Pv [W] 14,5 19.5 2412

Table : power dissipation illustrated for three operating points

The power consumption during DPF regeneration increases up to 5W depending on the operation mode.
The operation mode “DPF regeneration” is permitted for cycles of maximum 30minutes, followed by a
return to steady state in normal operation or engine off according to the service life profile.

[Operating Temperature]
Ti = ECU inside air temperature on one reference measurement point
Th = ECU housing temperature on one or mode reference measurement points
Timax = +125°C, it is not allowed to exceeded this temperature even if ECU is passive.
Ta = + 105°C, ECU ambient temperature, operating range: Tamin < Ta < Tamax

Tamin = -40°C, It is not allowed to fall below this temperature even if ECU is passive.

[Storage Temperature]

Storage
conditions Temperature Storage time
-40°C ...
10°C <0.1% 100 h
10°C ... 92,000
25°C 70% h
25°C ... 26,300
30°C 20% h
30°C ... 12,900
40°C <10% h
40°C ...
90°C <0.1% 98 h
90°C ...
130°C <0.0015% 2h
131,400
Temperature Total 100% h
30 ... 60 % 118,300
r.F. 90% h
12,900
<80 %r.F. <10% h
<85 % r.F. <0.2% 200 h
131,400
Humidity Total 100% h
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[Vibration]

The permissible vibration loads in the frequency domain is shown below.

Frequency [Hz] FPSD [((m/s*2)2)Hz] 10000F

10 8.000 - [oF —EcuPso]

20 16.000 B .

30 16.000 i -

180 0.444 P N

2000 0.444 = J
;5‘3: -

‘EJ_ J

IHU“J ] 1| | 111 H?I L1 | 111 Im.;l

Frequency
1-2) Installation requirements
[Mounting of ECU]

The ECU has to be tightly fastened to avoid any friction or abrasion against other parts or connecting
elements. Where there is any deviation from the drawing, the admissible interface and the resulting load
on the cover and the bottom would have to be discussed and determined with HDI. The ECU should be
mounted on the chassis and connector orientation can be performed if there is no standing water inside
the ECU and the connector.

[Fastening]
The ECU has to be fastened from 4 points (a, b, ¢, and d).

The maximum tightening torque for the ECU (M6-scres) is 10Nm. This torque applies to screw
connections without washer. If a washer is used, the required torque should be determined accordingly.
The minimum tightening torque for screw connection depends on the mounting location, which shall
be the customer’s responsibility. The minimum gap between the bottom and the screw-on surface of
the vehicle is 1mm. Even surface of customer’s screw-on surface between the points a, b, c,d:  0.5.

In the event of any deviation, a prior approval of HDI is required. The mating area and the mounting
location should be defined by the customer.

[Wiring harness plug]

A wiring harness plug is not included in the scope of delivery and must be ordered separately. The
wiring harnesses must be supported mechanically at the ECU mounting position (Distance < 150mm)
in a way that the excitation of the ECU is in phase (e.g. at the ECU screw-on plate).

Vehicle side ECU counter connecter supplier Part No. : BOSCH 1928405452

The maximum permitted number of mating cycle is 20.
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1-3) ECU terminal diagram (full version)

Customer specific ECU TD will be defined after interface meeting with customer based on full version.

Please refer the customer specific ECU TD in the check sheet.

The positive supply end (K01/03/05) and the negative supply end (K02/04/06) should be directly
connected to the battery. If you want to disconnect the power between the ECU and the battery with a
switch, it should be done after the following time:

- Without SCR (No after-treatment, DOC only, DOC+DPF) : 60 seconds

- With SCR : 150 seconds

If customer want to provide the warning to user before disconnect the ECU power, please refer the “1-
5) Wait to disconnect lamp wiring (Optional)’.

Hardwired LED and DPF Regen/Inhibit Switch should be meet the requirement as below.

- LED : Rated current consumption around 20mA. Parallel resistance needed to prevent mild glowing.
- DPF Switch: Self return (Momentary) type switch should be used.
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* Customer should be decide the fuse capacity based on the reference fuse capacity which presented in the diagram.
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1-4) SCR heating feedback line wiring
The wire size, which marked as red, should be used with 1.5mm?2. The voltage drop should be lower than
1.5V between heater feedback pins (A80, A60, A75, A58) and ground.

Reserved for 5CR Main Relay (Only for D34)

from Battery

.uose heater (Only for D34)

. Interconnector

@l
= |
o

14 A

uld /8 AT UEIN

O

O

L8 uid Aejy WIS

g8 ud Aejaa Jmeay

O

Ny —
0 S _SCRMRLY . l_ls R
K189 = |
Reserved for Heater HS Relay (Only for D34)
=
204
ABO[_ 4 " ==
K39 05 _SMH Daerved for Supply module heate
(Only for D34)
0O S PHH
K74 Reserved for Pressure line hdse|
r%eater (Only for D34)
vao 0 5 SHH
Reserved for Suction line
—‘-‘Hnose heater (Only for D34)
ase =—¢
] 0 S THH =
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1-5) Wait to disconnect lamp wiring (Optional)
To prevent the disconnect the ECU power before ECU ready to power off, customer can use LED lamp which
indicating the ECU power should not be disconnected during lamp ON status. Please refer the recommend
configuration below.
(Recommended LED Spec. : 12V, 20mA @nominal)

|
—0

V WV BAT2

Ko \ Main Relay
V WV BAT3
K0! Vi
v 254 2
V_V _BAT1 I
—— w  —
ko1 =t = — ) | 3
(=]
0_5_MRLY Main Relay z
ke f—— [ k!
| S T15 Ignition switch terminal(IGN) from key switch pu _ =
K75 o {_ Terminal 15  Key Switch =
8
7.5A Fuse for T15 circuit is recommended. o
o
B
=

| ul T I T
Wait to disconnect LED
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2. DPF Inlet Temperature Sensor (DPF or SCR-equipped engines only)

2-1) Operating temperature

0 B
; 412410
6642 ‘ 280(-0+20) (52.3)
//____ ___‘_lH:E;;_ _______________
4241 Rﬁ_o //
1240.2 g
e J_r f s Transition area
| 45402 / o temperatures gradient
ll' A-B max. 140 °C
! B-C 140°C to 175°c
T (-0 | 175°c to 260°'c
He @6.140.2 0-E 260°'c fo 625°c
E-F 625°c to 750°c

*‘ l- $2.940.2

2-2) Temperature measuring point
» Sensor cable of nearest to aftertreatment canning
* Limit temperature: 175°C

2-3) 1/0O description
« Counter connector: DELPHI 15397337 or AMP936059-1

wire! 4, sigol, pin | [K47]

o Gt thite wire! -, ground, pin 2 [K50]
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2-4) Sensor cable
6.1.2 Cable outgoing at sensor grommet
Angle between outgoing cable and longitudinal axes of the sensor; 0 +/-15°

Cable bent radius > 20mm
6.1.7 Cables/Varnish tube Temperature range: -40°1to0 200 °C
Varnish tube: flexible fiberglass silicon tube

Min. cable bending radius
each single wire: r > 3,5 mm
cable bundle: r > 20 mm

Bending radius flexible cable
¢ The cable should not be bent more then 90° and with a bending radius of minimum 20mm at
the point where the cable exits the rear of the sensor.
e The bending radius for the free flexible cable is 10 mm minimum.

maximum bent: 90°
minimum R10

minimum R20

Fixation points flexible cable
Fixation points for the flexible cable should be placed:
* between 150 and 250 mm behind the fixation nut
+ between 150 and 250 mm before the connector
. fdepending on routing and applied conductors, additional cable fixation points have to be
oreseen

Cwerlength of the cable has to be secured to the car body (with for example cable ties) to avoid
friction or abrasion of the cable against other car-parts.
Depending on the application, the sensar cable needs to be protected with an extra slesve.

Position of the connector
Connector should be placed in such a position that possible water intrusion is reduced to a minimum.
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2-5) Sensor connector
« Position of sensor connector: Mounted to the vehicel chassis
» Sensor connector bracket reference

Thickness: 2mm
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2-6) Sensor installation

The sensor has to be mounted in a way, that no condensed water is collected inside the
protection tube of the sensing element.

¥ Liquid water/fluid

SECTION  &-A
M14x1.5 6H- 150 965-2
!
135 . ; SCALE 1.000
l e/
Y
*
RO.5 |
le— 15 ——‘ L 055545
Gen.tal + 0.1
Material: 14571
W zight ork 42,872
Remark: breek sharo edges
degrease
dirt frae
: SPC—follow up
all sizes in millimetars
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2-8) Recommended installation torque : 45+t5Nm

3. DPF(SDPF) Differential Pressure Sensor (DPF-equipped engines only)
3-1) Sensor 2D drawing (dimension)

i | { \
&
@ @820t @01 &

1'1_3 6202

3]
3-2) Operating temperature: -40°C ~ 130°C
3-3) Temperature measuring points

» Middle surface of the sensor.
* Limit temperature: 130°C

3-4) I/O description
« Counter connector: Tyco C-1418448 REV B1 CODE A

PIN 1: Vs [Ka2]

e

PIN 2: GND_[¥*3)

——
pt

PIN 3: Vout [K16

3-5) Sensor installation
» Torque of M6 Bolt for sensor installation: 8 + 2 Nm

« Install the pressure ports vertically, facing towards the bottom.

« Install the sensor above the pressure ports.
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« Mounting angle: less than + 15°

D
. - u‘

lﬂ,[
] A
R
."Ir y % / ! "
.F_f.‘ﬁ | l'|I a\f; m_\_\_\__q IJ"-.D
PRESSURE CONNECTIONS DIRECTED PERPENDICULARY DOWNWARDS: (+15°
IN ALL DIRECTIONS TOWARDS VERTICAL

4. Oil Level Sensor

4-1) /O description
« Counter connecto

r: KOSTAL 09 4413 82

, PIN1 piN2 PIN 3
[After main relay] Vgy GND Output
[K70] [K69]
4-2) Input voltage(Vbat) : 6 ~ 16V
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5. NOx Sensor (SCR-equipped engines only)

5-1) Operating temperature
Max. 800°C —_—

Max. 620°C

-40 ~ 200°C
Length: 915+8mm

-40 ~ 125°C

5-2) Temperature measuring points
* Top of the sensor controllers (Up-stream and Down-stream)
* Limit temperature: 125°C

5-3) Current consumption
-Input capacitance (for calculation of Inrush Current) Crax =1,4uF
-Below sensor operating temperature lpeakmax = 10A

(worst case acceptable: 10A dunng 1s ; intensity decreasing less to 3A after 1 min)

lefr, typ < 1.5A
- At sensor operating temperature lpeakmax = 2.9A

lefi o < 1.5A

|eﬂ. max =2.5A
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5-4) 1/O description

* DOC upstream

-. Sensor connector color: Black

-. Counter connector: AMP 1-1418390-1
* SCR(SCRF) downstream

-. Sensor connector color: Grey

-. Counter connector: AMP 2-1418390-1

I/—rr‘ﬂ r'-n_\"ﬁl I
1+3 |

l ,
PIN1: UI:IEIHA/

PIN4: GND

= The battery (+) line (e.g. Ubatt, after ECU Main Relay) should be directly connected to the
Pin1(Ubatt). Do not connect the circuit controlled by key switch or any controller.
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5-5) Vibration (Controller: chassis-mounted)

Vibration profile:

Sinusoidal vibration (combination)

Frequency Max.
(Hz) acceleration 150
(mis?) T
20 11,4 E
65 120 E 100
260 120 =
260 90 5 g
350 90 8
350 60 =< 4
520 60 0
0 100 200 300 400 500 600
Sweep rate 0.5 Oct/min Frequency (Hz)
Random vibration
-Frequency PSD
(Hz) (m/s)2Hz 100
10 14
20 28 £
30 28 %
180 0,75 £
200 0.75 =]
500 20 2 04
2000 20
0,01
F:MS_ 177 mis2 10 100 1000 10000
e — Frouency ()
clipping)
Dagrees of 190
ﬂagﬁm

Vibration Profile Resonance Dwell Amplitude |:

Chassis mounted equipment:

Frequency Amplitude
(Hz) of -
acceleration
(m/s?) x
10 100 Ia
100 100 i
500 100 B
1000 100 S U T =
2600 100
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5-6) Controller dimension and installation

~—Measuring plane 1 (me 1
Messebene 1 (me 1)

$8,3 (2x)

18 (2x)

47

2 [olcES

165!

“—zulaessige Flaechenpressung: p<60N/mm2
1,1 (gilt nur im Bereich der Befestigungslaschen)

166.9) 1264 permissible surfate pressure: g<60N/mm 2
{only applies fo the area of the grounding Lug)

Gegenstueck ohne Kappe
Counterpart without cover
Slecker gemaess Tyco Zeithnungconnectar acc. fo fyco drawing
14-18735-1, rev 0 dated 08.10.06

ontage-Freiraum (48) -1 -1, A
(ohne Kappe) & channeled; MCP 2.8

Mounting space

{without cover) \[ z2 | &) @

aC

1258

38,2058

284758

120,45)

125 Electronic control unit

The mounting positions of the sensor interface are restricted according fo the air permeable
membrane in the ‘8-vire' sensor connector, Allowed orientalions of the ECU see drawing (view
Wlo 8pin ADR-profection):

5-7) Recommended controller installation torque : 22+3Nm (M8 bolt)
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5-8) Sensor cable installation

The ECU of the smart NOx sensor should be mounted near the exhaust pipe so that the cable
can be installed with a security loop. The cable has to be fixed in a distance of 100 mm from
the ECU or needs some other channelizing. The security loop between the last fixing point and
the sensor has to be kept. This guarantees that movement of the exhaust pipe during vehicle
operation could not tighten and damage the cable.

Hint:
The length of the security loop has to be adapted by the customer to the amplitude of exhaust

pipe movements.

min. XX mm

180°arch

Last fixing point

/ NOx-Sensor

| e—

<« | Exhaust pipe

Two lashes at the NOx sensor ECU are used for ECU fixing at the vehicle. The kind of
mounting has to be defined by the customer. The used thread torque has to be agreed by the

supplier.

If a complete mounting of sensor and ECU is not possible, the not mounted part of the smart
NOx sensor has to be protected against mechanical damage. The installation positions of
sensor and ECU have to be respected.

For mounting the sensor in the exhaust pipe turn the hex nut by hand. Last fixing has to be
done with a thread torque tool. Respect the specified thread torque of 50 Nm. A slight counter
torque by hand at the sensor is sufficient to avoid turning of the cables.

Any Kind of painting of the Sensor or the sensor ECU has to be avoided.

The electrical connection of the smart NOx sensor with the vehicle ECU is done with the
named connector system.

6.1.2 Cable outgoing at sensor grommet

Angle between outgoing cable and longitudinal axes of the sensor: 0 +/-15°
Cable bent radius >20mm



G2 Diesel Engine Installation Guide - DM03

6.1.7 Cables/Varnish tube

Fixing positions: at least 2 // every 20cm
10 cm from the ECU (other thd. by customer)
Kind of fixing: tbd. by customer
Isolation material: PTFE
Wires: Cu with Ni surface
Cross section: 0,6 mm2 (AWG20)
Outer diameter: 1,68 10,05 mm
Temperature range: -40°to 200 C
Resistance: 30,9 Ohm/km
Colours: white, black, orange, blue, yellow, grey, red, green
Vamish tube; flexible fiberglass silicon tube

Min. cable bending radius
each single wire: r>35mm
cable bundle: r >20mm

5-9) Sensor position
* Avoid water accumulating areas inside the exhaust system.

Nox-Sensor

Exhaust Exh/aust pipe

flow /
4

T~ Accumulated water

* Minimize impact of water accumulation on the catalysts or mufflers.

/

/ much accumulated condense

exhaust gas

Vibration x y z

/ only a few accumulated condense
water
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« Avoid water ingression to the exhaust outlet.
Rain may enterexhaust pipe

Longvertical pipe where water
from combustion may condense

too short pipe allows water
from street or carwash to
reach the sensor
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* Do not install the sensor at exhaust pipe curvature.
Side view:

Top view: Exhaust pipe

b L]
4 ° °

z L

.. WM

L]
NOx-Sensor . lelel 1°] b
o L]
e ° :..
L]
L]

8= AN

L]
LY AL T YA H
’ .. ° .. e . 75 % X
L L] L] L L] L] e ° g ° L] ¢
° ° ° ° - . ° \
° ° s 8 o e
° o. e o .q - s -
N
Water drops
({simplified)
NOx-Sensor

* Avoid rapid cooling of sensor element (Do not install near the exhaust flap).

NOx-Sensor

Flow speed near sonic speed

Exhaust
flow
h
Exhaust Exhaust
flap x
pipe

« Avoid sharp edges in the pipes.
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5-10) Sensor installation

The NOx sensor has to be mounted in a way that no condensed water is collected inside the protection
tube of the sensing element.

Tilt angle from vertical datum

Tilt angle horizontal datum

T exhaust flow

horizontal
exhaust pas pipe

exhaust gas pipe

%f
W,

—=—  gxhaust flow

The recommended filt angle is 90°+15° Other angles are possible (providing other specifications are

fulfilled; e.g. maximum temperature hexagon, grommet) but this may be result in:
+ Adecrease in response time

« Aneed for delayed dew point sending due to an increased amount of condensed humidity and less

heating up of the sensor assembly by the exhaust gas in sloped bosses.

« A different gas sensitivity due to the changed gas concentration profiles in relation to the exhaust

pipe diameter.

The evaluation of these items, especially with regards to the system needs, must be performed by the

customer.
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Avoid sensor element damage by water intrusion

5-11) Boss

#1575 ~918.

(*) After welding, the dimensions before welding have to be defined by the supplier of the boss.

The above shown boss drawing is a recommendation; deviating designs must be released by
Continental Automotive GmbH.

Recommended boss-material: SUS304 or austenitic-ferrite stainless
Steel 1.4301

Boss characteristics: HEX 22; M20x1.5-6e

Lubrication: Anti Seize ASW

Thread torque: 50+ 10 Nm

Allowed twisting angle of the cable 180°

Allowed number of sensor mountings 2

5-12) Caution

* For a stable operation, each of the parts should be installed in areas maintaining the required temperature.
Unless advised otherwise by HDI, failure to comply with the instructions could cause a components damage
or create unexpected emission.

* A black connector/cable NOx sensor should be installed at the upstream of DOC and grey connector/cable
NOx sensor at the downstream of SCR (SCRF).

» NOx sensor should be installed in accordance with the instructions. Unless advised otherwise by HDI,
you will not be able to obtain the expected emission performance if you fail to comply with the instruction
due to incorrect output and sensor tip damage by dew.
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6. Air Inlet Temperature Sensor (SCR-equipped engines only)
6-1) Sensor 2D drawing (dimension)

T6£3

e 3§ . &k | . )

D4.0£0.5—

- —)

<)

] | 2 LTPCTFA
@17.040.5 H-—-—-—- — S R | §
) 01-WiTy

1 / S
\JH

J
8E \ \\
§.50

"
(MATERIAL : STAINLESS STEEL)
6-2) 1/0 description
« Counter connector: Deutsch Connector DT06 — 2S

o 30,040 .8 —=1 (9,50} -o/sﬁf oerait A

\

Pin 1 : Signal [K76]
Pin 2 : Ground [K87]

6-3) Operating temperature: -40°C ~ 150°C

6-4) Position

* After air filter (Similar to the position of the MAF sensor. The MAF sensor should not be installed to SCR
applied machines)

6-5) Boss
@20.0 —m
MIN. i
W— SEE DETAIL C @lI1.1g
' ’ — 11,5 MIN. - A
— 1,00 RO.1-0.2 \) e [ 2.2]A]
MAX. 1 170 li J )‘

—

7 AA0.1] /IR |
__Qjﬂ - ,V;a\

— 1.6
g ) 10.00 MIN. %
|

DETAIL C
SCALE 4:1 MIO X |.25-6H—mf [

(@6.0)

45°£5°

6-6) Recommended installation torque: 8t1Nm
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7. Ambient Temperature Sensor (SCR-equipped engines only)
7-1) Sensor 2D drawing (dimension)

(59.1)
28.0
oy 2 S B
ik 1.5 13.0
O ] \
g {
o =3
12 = S|
P =) -
L |
LA
/ —/ \

7-2) 1/0O description
» Counter connector : AMP 936248-2

Pin1 : Signal [A102]
Pin2 : Ground [A081]

7-3) Operating temperature: -40°C ~ 130°C

7-4) Position
* Near the supply module (Install the ambient temperature sensor as shown below. The sensor should be
installed near the supply module)
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8. Counter connector for wiring harness, starter, alternator and glow plug
8-1) Wiring harness counter connector

* For SCR application

Engine Side

Vehicle(Machinery) Side

Inter_1

Inter_1

-«

74

DEUTSCH_DT06-12SA-C015

DEUTSCH_DT04-12PA-C015

Engine Side

Vehicle(Machinery) Side

Inter_2

Inter_2

DEUTSCH_DT06-12SB-C015

DEUTSCH_DT04-12PB-C015

- Pin assignment

DEUTSCH

DEUTSCH_DTO06-12SA-C015

DEUTSCH

DEUTSCH_DTO06-12SB-C015

INTER_1

INTER_2

CIRCUIT|WIRE SIZE|COLOR|INSULATION|CIRCUIT DESCRIPTION FROM PIN|T|TO PIN|T|REMARK1

S87 0.75 FLR91X-A |VBAT INTER_ 2|8 OIL_LEVEL|1 |@CUSTOMER OPTION
K070 0.75 FLR91X-A |GROUND INTER_2|9 OIL LEVEL|2 |@CUSTOMER OPTION
K069 0.75% FLR91X-A |SIG INTER_2/10 | [OIL_LEVEL|3 |@CUSTOMER OPTION
A069 0.75 FLR91X-A |HEATER RELAY LOW SIDE INTER_1|1 ECU 69

A058 0.75 FLR91X-A |BACKFLOW LINE HEATER FB INTER_1]2 ECU 58

A075 0.75 FLR91X-A |SUCTION LINE HEATER FB INTER_1|3 ECU 75

A060 0.75 FLR91X-A |PRESSURE LINE HEATER FB INTER_1]4 ECU 60

A080 0.75 FLR91X-A |SUPPLY MODULE HEATER FB INTER_1|5 ECU 80

A102 0.75 FLR91X-A |ENV TEMP SIGNAL INTER_1|6 ECU 102

A081 0.75 FLRS1X-A |ENV TEMP GND INTER 1|7 ECU 81

A005 0.75 FLR91X-A |REDUCTION VALVE ACTUATOR LOW|/INTER_1|9 ECU 5

A015 0.75 FLR91X-A |SM PRESS SENSOR SUPPLY + INTER_1|10 | [ECU 15

A054 0.75 FLR91X-A |SM PRESS SENSOR SIGNAL INTER_1|11 ECU 54

A053 0.75 FLR91X-A |SENSOR GND INTER_1|12 | [ECU 53

A055 0.75 FLR91X-A |SM PUMP MOTOR GND - INTER_2|6 ECU 55

AD29 0.75 FLR91X-A |SM PUMP MOTOR SIGNAL INTER_2/5 ECU 29

A091 0.75 FLRO1X-A |SM RVV SIGNAL - INTER_2|4 ECU 91

A094 0.75 FLR91X-A |RED AGENT METERING VALVE HS |INTER_2|3 ECU 94 | |TWIST PAIR(A094/A071)
A071 0.75 FLR91X-A |RED AGENT METERING VALVE LS |INTER_2|2 ECU 71 TWIST PAIR(A094/A071)
A093 0.75 FLR91X-A |PREHEATER RELAY RETURN INTER_2|7 ECU 93

X S87, KO70, K069 : Oil Level Sensor option circuits
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» For non-SCR application

Engine Side Vehicle(Machinery) Side

DEUTSCH_DTMO4-4P DEUTSCH_DTMO06-45

- Pin assignment

DEUTSCH | DEUTSCH_DTMO4-4P

INTER
CIRCUITWIRE SIZE|COLOR|INSULATION CIRCUIT DESCRIPTION FROM PIN|T|TO PIN|T|REMARK1
S87 0.75 R FLRO1X-A VBAT INTER 1 OIL LEVEL|1 |@/CUSTOMER OPTION
K070 0.75 B FLR91X-A GROUND INTER 3 OIL_LEVEL|2 |@/CUSTOMER OPTION
K069 0.75 G FLR91X-A SIG INTER 4 OIL LEVEL|3 |@/CUSTOMER OPTION
|A0S3 0.75 LGra |FLR91X-A PREHEATER RELAY RETURN |INTER 2 ECU 93

X S87, KO70, K069 : Oil Level Sensor option circuits

8-2) Starter counter connector(300516-00132X, 300516-00147X)
* You can select either Solenoid Plug in connector or Switch Terminal.
* B+: M10 Terminal / Switch Terminal: M5 Terminal / Solenoid Plug in connector mating: MG610949 KET

S/W Connector

KET,1PM,BK KET MG640451

S/W Terminal(M5x10.8P) B Terminal(M10x1.5P)
Tightening Torque : 2.5%3.0N.m Tightening Torque : 10~12.0N.m
at after cable connection at aftercable connection

KEY SWITCH TERMINAL

wy | e SAW TERMINAL 44
1 BRASS (IS C 2620 OR EQUIVALENT

Mating Connector
- Housing: KET MG610949
- Terminal: ST730660
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8-3) Starter counter connector(300516-00123X)
* B+: M10 Terminal / Switch Terminal: M5 Terminal

B+ Terminal(M10x1.5P)
Tightening Torque : 14.7~16.7N.m
at after cable connection

S/W Terminal(M5x0.8P)
Tightening Torque : 2.9~3.9N.m
at arfter cable connection

8-4) Starter counter connector(300516-00138X)
e B+ : M10 Terminal / Switch Terminal : M5 Terminal

B+ Terminal(M10x1.5P)
Tightening Torque : 14.7¥16.7N.m
at after cable connection

S/W Terminal(M5x0.8P)
Tightening Torque : 2.9%3.9N.m
at arfter cable connection
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8-5) Alternator counter connector

* Resistance installation may be required to meet the reference values of the alternator's L terminal voltage
and current.

* 12V System

- Part Number:; 300901-00183X, 300901-00189X, 300901-00219X, 300901-00220X
: L-Terminal Permission Current: 0.01 ~ 0.5A

- Part Number: 300901-00250X, 300901-00251X

: L-Terminal Limitation Current: Max. 1.2A
1.B+: M8

STUD

X 1.25P

XIMUM TORGUE SHALL BE
\FTER CABLE CONNECTIOND

MB

2. Counter Connector:
F6189-0443 SUMITOMO

» 24V System
- Part Number: 300901-00222X
219 HoLe

GROUND SCREW
ME X 1.0 THREAD
TORQUE TO 2.6 ~ B7N.m

RELAY TERMINAL
M5 X 0.8 THREAD
TORQUE NUT TO
B.O N.m Max

INDICATOR LIGHT TERMINAL
* M5 X 0.8 THREAD
TORQUE NUT TOQ

B.0 N.m MAX

+ CAUTION = DO NOT
EXCEED 1 AMP DRAW

BATTERY TERMINAL
+ ME X 1.0 THREAD
TORQUE NUT TO

8.0 N.m MAX

+ CHARGING LINE CABLE 2 HOLES
CROP SHOULD NOT

EXCEED 0.5 VOLTS

(FROM ALT. TERMINAL

TO BAT. TERMINAL AT

FULL ALT OUTPUT)

« NOTE
WHEN TIGHTING PULLEY BELT:
DO NOT PRY DIRECTLY AGAINST STATOR OR SRE/DE FRAME WITH PRY BAR
(UNLESS USING A WOOD BLOCK BETWEEN PRY BAR AND SIDE OF ALTERMATOR)
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8-6) Glow plug connector
- Ring terminal (Hole size : M4

- Wire spec : 5SQ (Type : AEXF)
- Applied position : Connect #1 glow plug or #4 glow plug

-1
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9. Counter connector for WIF, fuel temperature, fuel pressure, fuel heater and mass air flow
sensor

9-1) WIF sensor counter connector: DEUTSCH DT06-2S

9-2) Fuel temperature sensor counter connector: TYCO 936248-2

=
=

[ K032 | Koz28 |

9-3) Fuel pressure sensor counter connector: FCl F519600

&

9-5) Mass air flow sensor

* Tyco 1-1670918-1

* Hirschmann: 872-859-...KD
* F.C.I: F88110

TN ”_\","_‘\ TN A \
[ko78)(<087)(ko78g)(kose) 1]
W e )
NS 4

10. Starter relay
10-1) Starter relay: HDI K1053575

11. DEF Sensor Assy (SCR-equipped engines only)
11-1) DEF Quality Sensor

* Resolution: Max. 0.25%

* Full Range: 0~50%

* Accuracy: +1%(0~55°C), +3% (Below 0°C, Above 55°C)

» Wake Up Time after Key on: Max. 10sec

11-2) DEF Tank Temperature Sensor

* Resolution: Max. 1°C

* Full Range: -40 ~ 80°C

* Accuracy: £1°C (-20~60°C), +3°C (Below -20°C, Above 60°C)
» Wake Up Time after Key on: Max. 5sec
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11-3) DEF Tank Level Sensor

* Resolution: Max. 0.5%

* Full Range: The 0% and 100% usable volume of the tank must be sensed based on the tank shape and size
under all operating conditions

 Accuracy: DEF Tank Level Sensor should get at least £2% of total usable DEF volume

* Wake Up Time after Key on: Max. 10sec

11-4) Environmental Temperature Sensor

* Resolution: Max. 5°C

* Full Range: -40~150°C

* Accuracy: +0.8°C (25~100°C), +2°C (Below 25°C, Above 100°C)

* Wake Up Time after Key on: Max. 5sec

» The environment temperature sensor near the supply module is used for electric heating of the SCR system
pressure, backflow and suction line. If delta temperature (difference between temperatures measured by the
environment temperature sensor near the supply module and the inlet air temperature sensor after air filter) is
below 5°C, as shown in the graph below, while operating during engine soak, the inlet air temperature sensor
will substitute the environment temperature sensor. The environment temperature sensor can be removed
during development phase only when approved by a HDI engineer.

* Test Mode

- Operating temperature of engine under sever load for more than 1 hour

- Ignition temperature of engine under sever load for more than 1 hour

10

(4, ]

o

.

3]
o
S

-
o

—Upper limit
—Lower limit

Inlet air temp. after air filter[degC]
b b R R AL
(3] o [, ] o (3]

S
')

Environment temp. near supply module[degC]

11-5) ATemperature between ambient temperature and DEF tank temperature: Max. A15°C

* Ambient Temperature: The actual ambient temperature measured during engine operation

» The level of urea should be kept as lowest as possible in the DEF tank if the engine is running at under-
dosing and hot conditions for 1 hour or more
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11-6) CAN Message

* A1DEFI
SPN Description item requirment Remark
Resolution 1°C/bit
SPN3515 Temperature 2 Offset —40 deg C Optional SPN(need to discussion
Range —40 to 210 deg C with Doosan)
remark if value is "OxFF", replacement value was used.
Resolution 0.25 % /bit
Offset 0%
SPN 3516 Concentration Mandatory SPN
Range 0 to 62.5 %
remark if value is "OxFF", replacement value was used.
Resolution 1
Offset 0
Range 0 to 31
FMI 3 Temperature sensor Open circuit
SPN 3519 Temperature 2 FMI 4 Temperature sensor Short to low or to GND Optional SPN
Preliminary FMI M1 1T Sensor detects failure affecting temperature
measurement
FMI 15 Temperature > sensors measuring range
FMI 17 Temperature < sensors measuring range
FMI 31 if value is "0x31", replacement value
Resolution 1
Offset 0
Range 0 to 31
FMI 3 Quality sensor Open circuit
. FMI 4 Quality sensor Short to low or to GND
SPN 3520 ; Fqu;i ; FMI 11 Sensor detects failure affecting Quali Optional SPN
Properties Preliminary FMI 9 Quality measurement
M 13 Oth.er fluid, not DEF, water, diesel (if diesel detection is
available)
FMI 15 Urea concentration > sensors measuring range
FMI 17 Urea concentration < sensors measuring range
remark if value is "0x31", replacement value
Resolution 1
Offset 0
SPN 3521 Fluid Type Optional SPN
Range Oto 15
remark if value is "0x15", replacement value
PGN 64923 Aftertreatment 1 Diesel Exhaust Fluid Information A1DEFI

Sensor Information which measures temperature, concentration, and conductivity of the diesel exhaust fluid of the

aftertreatment 1 system.

Transmission Repetition Rate:

Data Length:
Extended Data Page:
Data Page:

PDU Format:

PDU Specific:
Default Priority

Parameter Group Number:

Start Position Length
1 1 byte
2 1 byte
3 1 byte
41 5 bits
5.1 5 bits
6.1 4 bits

1sec
8

0

0

253
155

PGN Supporting Information:

6
64923 (0xD0FD9B)

Parameter Name

Aftertreatment 1 Diesel Exhaust Fluid Temperature 2
Aftertreatment 1 Diesel Exhaust Fluid Concentration
Afterireatment 1 Diesel Exhaust Fluid Conductivity
Afterireatment 1 Diesel Exhaust Fluid Temperature 2
Preliminary FMI

Afterireatment 1 Diesel Exhaust Fluid Properties Preliminary

FMI

Afterireatment 1 Diesel Exhaust Fluid Property

SPN
3515
3516
3518
3519
3520

3521
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* AT1T1I

SPN Description item requirment Remark
Resolution 0.4% /bit
Offset 0
SPN 1761 Level(%) Mandatory SPN
Range 0 to 100 %
remark if value is "OxFF", replacement value was used.
Resolution 1 deg C /bit
Offset 40 deg C
SPN 3031 Temperature Mandatory SPN
Range 40 to 210 deg C
remark if value is "OXFF", replacement value was used.
Resolution 0.1 mm/Bit
Offset 0 mm
SPN 3517 Level 2(mm) Mandatory SPN
Range 0 to 6425.5 mm
remark if value is "OXFFFF", replacement value was used.
Resolution 1
Offset 0
Range 0 to 31
Level — .
SPN 3532 . FMI 3 Level sensor Open circuit Optional SPN
Preliminary FMI
FMI 4 Level sensor Short to low or to GND
FMI 11 Sensor detects failure affecting level measurement
remark if value is "Ox1F", replacement value was used.
Resolution 1
X Offset 0 .
SPN 5245 Tank Low Level Indicator Optional SPN
Range Oto7
remark if value is "0x7", replacement value was used.
Resolution 1
Offset 0
Range 0 to 31
SPN 4365 | Temperature Preliminary FMI FMI 3 Temperature sensor Open circuit Optional SPN
FMI 4 Temperature sensor Short to low or to GND
M1 11 Sensor detects failure affecting temperature
measurement
remark if value is "Ox1F", replacement value was used.
SPN 5246 Aftertreatment SCR Operator N/A N/A N/A
Inducement Severity
Aftertreatment 1 Diesel Exhaust
SRIEHES Fluid Tank Heater WA MR MR
Aftertreatment 1 Diesel Exhaust
SPN 4366 |Fluid Tank 1 Heater Preliminary N/A N/A N/A
FMI
PGN 65110 Aftertreatment 1 Diesel Exhaust Fluid Tank 1 Information AT1T1

Transmission Repetition Rate:
Data Length:

Extended Data Page:

Data Page:

PDU Format:

PDU Specific:

Default Priority:

Parameter Group Number:

Start Position Length
1 1 byte
2 1 byte
a4 2 bytes
a1 5 bits
5.6 3 bits
6.1 5 bits
66 3 bits
7 1 byte
8.1 5 bits

Contains information on various tank levels

1s
8

0

0
254

86 PGN Supporting Information:

L]
65110 (0xOOFES6)

Parameter Name

SPN

Aftertreatment 1 Diesel Exhaust Fluid Tank Level
Aftertreatment 1 Diesel Exhaust Fluid Tank Temperature
Aftertreatment 1 Diesel Exhaust Fluid Tank Level 2
Aftertreatment 1 Diesel Exhaust Fluid Tank Level Preliminary
FMI

Aftertreatment Selective Catalytic Reduction Operator
Inducement Active

Aftertreatment 1 Diesel Exhaust Fluid Tank 1 Temperature
Preliminary FMI

Aftertreatment SCR Operator Inducement Severity
Aftertreatment 1 Diesel Exhaust Fluid Tank Heater
Aftertreatment 1 Diesel Exhaust Fluid Tank 1 Heater
Preliminary FMI

1761
3031
317
3532

5245
4365
5246

3363
4366
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11-7) Caution

* The concentration of urea (Ad-Bule) must be kept at 31 ~ 34% if other liquids are filled into the tank.
Otherwise, the urea quality sensor will transmit inaccurate signals to the ECU, leading to reduced load and
emission performance.

» The urea quality sensor should be properly installed to the urea tank. Otherwise, urea will overflow during
machine operation. The overflowed urea can contaminate cables or connectors, causing corrosion in the
long run.

12. Accelerator Pedal

 Voltage at the output pin of sensor (loss of sensor ground): 4.95V.
* Voltage at the output pin of sensor (loss of sensor supply): 0.025V.
» Sensor resistance: 0~0.5Q.

* Input voltage (Vcc): 5Vdc

* Operation current (lop): 9mA (Normal), 10mA (Max) / Channel

* Reverse polarity: Withstand 10 min. (max)

* Electrical travel: see Fig 2.

* Independent linearity: +2%

+ Signal load: 10kQ, C=2x4.7nF when tested

Fig 1. Circuit Diagram

| §Vde
Veel
Signal
X Output 1
Position Detector
Sensor 1 &
Amplifier
R B Gronnd 1
= | SVde
@ Vee?
Position Defect St
osition Defector
Sensor 2 & (e &
Amplifier
Ground 2
h

[APP Sensor Specification #1] — Standard engine must be satisfied the specification #1.
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[APP Sensor Specification #3]

WOT:
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WOT2

(38.4%)
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(15%)
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(7.5%)

[APP Sensor Specification #2]
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[APP Sensor specification #4]
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13. IP(International Protection) grade for Starter
13-1) Borgwarner Starter (300516-00132X, 300516-00147X)
* IP (International Protection) grade
- Engineering discussion is required if there is an IP grade requested by the customer

13-2) JHEECO Starter (300516-00123X, 300516-00138X)
* IP (International Protection) grade
- Engineering discussion is required if there is an IP grade requested by the customer

14. Mating Wire Guide (Reference)
* Fixation: The mating wire is supported mechanically at the mounting position of counter parts of mating
wire. (Distance < 150mm)
* Bending radius: R > 1D (D: Branch outlet diameter)

15 Operation Voltage for Starter Solenoid
» The minimum voltage required to operate the starter solenoid is at least 8.5V(12V System)

» The minimum voltage required to operate the starter solenoid is at least 18V(24V System)
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16. Equalizer Installation Guide (Reference)
 Equalizer capacity can be selected with or without SCR.
If using 30A Equalizer for SCR System, it should be determined after the charge/discharge test is conducted.
16-1) 30A Equalizer(without SCR System)
- HD HYUNDAI INFRACORE 30A EQUALIZER INSTALLATION GUIDE
1) It is recommended that the batteries be disconnected prior to installation. Reconnect the battery after the
installation is complete.
2) Mount equalizer in a convenient, well ventilated area. It should be installed in a place that protects water

and dust.
3) Pin 1 ("24V Vin") : Connect to 24V Battery plus terminal. Fuse is selected considering the load of vehicle

and Installation is necessary by customer.
4) Pin 2 ("GND") : This is the terminal for grounding the unit. All internal operating currents are returned to

this terminal.
5) Pins 3 & 4 ("12V Vout") : This is the 12V output. It can be connected to the 12V loads. Make "Vout"

Connection to the +12V OUTPUT pins as shown in the diagram.

GND
v ~

24V Vin

1. CONNECTOR : DTP06-4S (MAKER : DEUTSCH)
2. TERMINAL : 1062-12-0166 (WIRE : 12AWG)
3. SINGLE LOCK : WP-48

MATING CONNECTOR INFORMATION

12V OUTPUT

FUSE (Fuse is selected considering the load of vehicle and Installation is necessary by customer)

12V BATTERY

12V BATTERY

<Wiring Diagram>

- Operating Temperature
1) 300612-00109 : -30 ~ 70°C

- Vibration
1) 300612-00109 : Max. 5g
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16-2) 40A Equalizer(with SCR System)
- HD HYUNDAI INFRACORE 40A EQUALIZER INSTALLATION GUIDE
1) It is recommended that the batteries be disconnected prior to installation. Reconnect the battery after the

installation is complete.
2) Mount equalizer in a convenient, well ventilated area. It should be installed in a place that protects water

and dust.
3) Pin 1 ("24V Vin") : Connect to 24V Battery plus terminal. Fuse is selected considering the load of vehicle

and Installation is necessary by customer.
4) Pin 2 ("GND") : This is the terminal for grounding the unit. All internal operating currents are returned to

this terminal.
5) Pin 3 ("12V Vout") : This is the 12V output. It can be connected to the 12V loads. Make "Vout" Connection

to the +12V OUTPUT pins asuﬁuhown in the diagram.

MATING CONNECTOR INFORMATION

1. CONNECTOR : MG642292-5 (MAKER : KET)
2. TERMINAL : ST730652-3 (WIRE : 11AWG)
3. WIRE SEAL : MG680954

12V OUTPUT

FUSE (Fuse is selected considering the load of vehicle and Installation is necessary by customer)

12V BATTERY

12V BATTERY

<Wiring Diagram>

- Operating Temperature
1) 300612-00188 : -30 ~ 75°C

2) 300612-00211 : -30 ~ 85°C

- Vibration
1) 300612-00188 : Max 4.4g
2) 300612-00211 : Max. 6.8g

17. Mandatory Requirement of Starter Control
« Starter S terminal signal should not be applied even if the start signal is given while the engine is running.

. If starter control is not possible with the VCU or ECU, it is recommended to apply an anti-restart ignition

switch.
« Starter S terminal signal should be disconnected or disabled when the engine is below 800rpm.

« Starter S terminal signal is applied after the engine is completely stopped(engine rom = 0).

. If starter control is not possible with the VCU or ECU, it is recommended to restart after 5 seconds after

key off.



G2 Diesel Engine Installation Guide - DM03

18. Mandatory Caution of Starter Control
* Guide the engine not to hold the key over 30 seconds when starting the engine.

: Recommend to try starting after checking the parts related to starting (Battery, Relay, Cable, Etc.) when
starting occurred twice continuous fails.
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Chapter 3. Cooling system

1. System Schemes

------------------------ » Coolantline for Cabin Heater

L

—» Low Temp. - coolantline

————-+» Warmed Temp. - coolantline

--------- » High Temp. - coolantline
Cabin
Heater

————b—- Qil Cooler <

|
|
| I
[P I — @ R = Cylinder Head i
|
|
|
|
I

i;rrrr

Radiator

< picture 3-1. Cooling system diagram (No EGR system) >

Fan Mounting Bracket

To Radiato
Thermostat

Cooling Water Pipe Water Pump Cooling water hose

< picture 3-2. Cooling system description (No EGR system) >

Cylinder Block »
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» Water Line for Cabin Heater
—— Low Temp. - water line
----- » Wormed Temp. - water line

» High Temp. - water line

Cabin
Heater (=i il Cooler
|
1
e e S e v EGRValve - EGRCooler
o : '
I
I ByPass
e-eon-e i Cylinder Head
I
1
: ; I
S i
s . :
° . Cylinder Block
& !
Total :
W/P Capacity :
150L/min g
= ¢ = e =t - =

< picture 3-3. Cooling system diagram (With EGR system) >

Thermostat

To Radiator

Fan Mounting Bracket

Cooling Water Pipe Water Pump EGR Cooler & Valve Line

< picture 3-2. Cooling system description (With EGR system) >

2. Coolant Characteristics

The engine coolant must avoid the freezing or boiling and have corrosion resistance, and it must not generate
sludge in response with cooling system component.
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Engine

DMO1 DMO02

DMO03

PMO02

PMO03

Coolant volume

3.0 liters 3.8 liters

4.8 liters

3.9 liters

4.8 liters

Please use the HDI genuine coolant (Ethylene glycol) and pure water or another which satisfies the following
recommended specification according to coolant change intervals. If further life of coolant is required, discuss

with HDI.

Emission regulation

Global standard

1,200 hours of 1-year

6,000 hours or 3-years

interval interval
Tier3 / Stagelll General Coolant (Long Lli_fce:%oolant)
SAE J1034
Tier4 / StagelV ﬁ§¥m ng?g General Coolant LCC
JIS K2234
Tier5 / StageV General Coolant LCC

Note. Genuine HDI LLC (part number for 200 L drum: 500201-00011, part number for 3 L pail: 500201-00012)

Note. Mixing guide: coolant

& pure water = 50 : 50

HDI genuine does not necessary to add corrosion inhibitor, if want to use another that satisfies the
recommended specification, check the necessity to add or not.

Caution: Do not mix different brands of coolant, otherwise harmful sludge can be formed, it can reduce cooling
performance or make overheating.

3. Radiator

Radiator is important part that serve to release heat from the engine and need to select optimal location and
capacity to maintain cooling performance and durability.

3-1) Radiator Position

Position between radiator and fan is closely related to cooling performance. If the radiator is close to
the fan, the area which is close to the fan shaft does not be cooled properly. If it's so far, the air flow
does not reach the radiator core. Air flow is different from suction and blower type. Determine the
location referring to the picture for optimal cooling performance.

i A
Radiator \i ,Shroud 1 1o
7
Core T c
w
]
E
dei
Mk
B Fan

< Suction Fan >

< picture 3-3

=T

Radiator -

Core

P Shroud

< Blower Fan>

. Radiator position >
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Symbol Meaning Suction Fan Blower Fan
A Project width 1/2 ~ 2/3W 1/3 ~1/2W
B Shroud width Approx. 1/2 of W
C Tip Clearance 10 ~ 25 mm (0.4~1.0 inch)
D Fan Diameter
E Core-fan Clearance d/2 to 25 mm or more
d Fan boss diameter
w Projected fan width

NOTE: Radiator should be suitably installed and cleaned to avoid clogging.

3-2) Radiator Capacity

The heat rejection (kW or kcal) indicating the capacity of the radiator is the result under specified test
condition. That is not an absolute value. Actual heat rejection is related to coolant flow, ambient
temperature, air flow that related to shape of engine room. For selecting optimal radiator, the heat
balance test is required. When the cooling system is developed by customer, it should be selected
considering heat rejection in below table.(The below are the representative engines of HDI, request to
HDI for data on the engine selected by the customer)

a) 135hp
Engine Speed Power Heat rejection of the | Heat rejection of the
(rpm) (kW) radiator(kW) intercooler(kW)
2600 100 64 17
2400 100 62 15
2200 100 60 14
2000 97 58 13
1800 92 55 12
1600 83 49 12
1400 73 45 10
1200 61 41 7
b) 115hp
Engine Speed Power Heat rejection of the | Heat rejection of the
(rpm) (kW) radiator(kW) intercooler(kW)
2600 86 56 13
2400 86 55 12
2200 85 53 11
2000 84 51 11
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1800 80 48 10
1600 75 46 9
1400 63 40 8
1200 54 37 6
c) 105hp
Engine Speed Power Heat rejection of the | Heat rejection of the
(rpm) (kW) radiator(kW) intercooler(kW)
2600 78 53 13
2400 78 52 12
2200 78 49 11
2000 77 46 10
1800 74 45 10
1600 68 42 9
1400 58 38 8
1200 49 35 5
d) 96hp
Engine Speed Power Heat rejection of the | Heat rejection of the
(rpm) (kW) radiator(kW) intercooler(kW)
2600 72 52 13
2400 71 49 12
2200 71 46 1
2000 69 44 10
1800 67 41 9
1600 62 38 9
1400 53 32 7
1200 45 31 5
e) 74hp
Engine Speed Power Heat rejection of the | Heat rejection of the
(rpm) (kW) radiator(kW) intercooler(kW)
2600 55 52 5
2400 55 49 5
2200 55 49 5
2000 55 46 4
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1800 55 45 4
1600 54 45 4
1400 53 41 4
1200 45 32 4
f) Generator
Model Emission Rpm / Hz S?arr?j;y T TS Coolant CAC
(kWm) (L/min) (kW) (kW)
1500 / 50 55.4 3260 43 6
S5
DMO03 1800 / 60 55.4 3710 46 7
(No-SCR) 1500 / 50 51.4 3430 44 6
T4
1800 / 60 55.4 4090 45 8
1500 / 50 78.1 5210 46 1
S5
DMO03 1800 / 60 92.4 5670 54 14
(SCR) 1500 /50 78.1 4870 46 1
T4
1800 / 60 92.4 6150 54 14

3-3) Heat balance test

Basically, heat balance follows guide of the equipment. HDI presents several guides to follow.
* Preparation for test
(i) Conduct test where the air flow is smooth. (Constant ambient temperature)
(i) Measuring instruments and sensors shall be calibrated to prevent errors before testing.
(iii) Install the dummy (full opened) thermostat.
(iv) Install the protector in the radiator to prevent air recirculation.
» Evaluation for heat balance

The measuring point of the sensor for evaluation heat balance is as follows. In case of AOT, it is
recommended to average after measuring four point to reduce errors.

Cooling Air
at Front of Radiator (Taor)
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- Twi: Coolant temperature at the inlet of radiator (°C)

- Two: Coolant temperature at the outlet of radiator (°C)

- Taot: Cooling air temperature at front of radiator (°C) (Average value at four points)
- ATB: Coolant usage limits atmospheric temperature (°C)

- ATB = 110-Twi+Taot

Note: Depending on the shape of the engine and fan type, the difference between ambient air
temperature and air inlet temperature at front of radiator occur result in inaccurate ATB. Therefore,
ATB should be based on the air inlet temperature in front of the radiator.

. ATB
Coolant temperature Repommend Maximum (110-Twi+Taor)
Difference system
] Max. . .
Ol ermissible SETEEN (IR pressure in in moderate | in tropical
Temperature Tpem erature in. & outlet pressurized climates climgtes
(Twi) per: (Twi-Two) cooling circuit
(Twi)
90 ~ 95 °C 110 °C 8~10 K 0.9~1.5 bar 245°C 260°C

ATB represents the ambient temperature when the coolant is at the highest allowable temperature.
That means the maximum available ambient temperature of the equipment. At using general radiator,
it is recommended the above guides and at using the standard radiator in HDI, the below guide
should be met.

Iltem Radiator on Industrial Radiator on Genset

Guide 242°C 2 52°C

Note : If ATB is not satisfied, be satisfied by changing the fan size and speed, radiator capacity and
air resistance in the engine room.

3-4) Precautions for Installation

Vibration

To prevent damage to radiator core, it is important to protect against excessive vibration a shock
load. Basically, it should be installed considering the vibration of equipment (related with Chapter.
13 Engine Mounting system). And verification in the equipment is required. At using the standard
radiator in HDI, be satisfied the vibration guide in all installation conditions.

Iltem DMO03
X Axis Y axis Z axis
Hz g Hz g Hz o]
10 0.5 10 0.5 10 0.5
42deg 27 1.3 27 1.8 27 2.1
64 3 64 1.5 64 2.1
92 1.2 92 1.2 78 1.2
Vibration 300 1.2 300 1.2 300 1.2
Guide X AXis Y axis Z axis
Hz g Hz g Hz o]
10 0.5 10 0.5 10 0.5
52deg 27 0.7 27 0.9 27 0.7
57 3.2 57 1.5 57 1.9
93 1.2 93 1.2 93 1.2
300 1.2 300 1.2 300 1.2
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*Hz : Frequency, g : PHV

Vibration guide for HDI standard radiator

Test Item Radiator
Averaging PHV
Scaling Peak
Resolution 1Hz

Sampling Frequency >500Hz

Bandwidth >250Hz

Test method of HDI standard radiator

The vibration loads must be measured in all relevant states of vehicle operation, including worst-
case vibration conditions. Permissible vibration level in the frequency domain for each 3 axes is
shown below.

Vibration
measuring point
(Left&Right Side)

4,00 [ : 4.00 i [ ; [ : : : :
I : |OF —— DMO3 42degres X axis [ P : : H : : : :|OF —— DM03 S2degree X axis [
|0 F ——— D03 42degres v axis F v . H H . . H -|OF D03 S2degres v axds H
oF H 1

D03 42degres Z axis 1|0 F = D03 S2degree Z aads

9
Amphitade (Pesk)
T T T

& :
tor] of -
T ar =1
{— 18 —]
R i
S o=t
B
1
pool .+ - T I I Y : 1 i i : 3 1 9
000 Mz 300,00 oo Hz 200,00
Freguency Freguency

DMO03 Radiator

Caution: Installation of optional parts is allowed under limited condition. Refer to 6.6-5.
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» Horizon for radiator

The top of radiator should be parallel to the engine to maintain the clearance between the fan and
fan guard. If horizon of the engine is right, install the radiator using a jig or level meter. (recommended:
within 0.5°degree at the top of radiator)

+ Clearance with counter components

The radiator should be isolated to surrounding parts at least 30mm to prevent contacting with the
radiator by vibration of the engine and equipment

* Prevention for air recirculation

The radiator should be isolated using air duct or isolator to avoid mixing hot air in the engine room
with cold air in outside.

Radiator

haV

Hot Air

Hot Air
Application

Grille

Isolator Air duct

* Intake and Exhaust duct design

For smooth air flow of the radiator, the square area of the inlet and outlet of the engine room should
be at least 25% larger than the front area of the radiator.

4. Cooling Hose
4-1) Specification of rubber hose

The rubber hose used in the cooling system should be durable to the heat and vacuum pressure and
positive pressure of the system. If use the improper hose, it can be leak and deformed by vacuum



G2 Diesel Engine Installation Guide - DM03

pressure generated when coolant temperature change from high to low temperature. This interferes
with the flow of coolant and causes overheating.

Item Guide

Thickness > 5mm

Pressure resistance > 5 bar

Operating temperature -40 ~ 120 °C

Material EPDM with 1 or 2 Polynogic Rayon (Middle)

4-2) Precautions for cooling hose

The cooling hose should be installed without contact with external component to avoid damage by
contact.

Radiator Air Pocket

When connecting the cooling hose to the radiator, it should be installed to prevent flexion. If flexion
occurs, air pocket is made, and it makes to reducing the coolant flow and causes overheating.

4-3) Hose clamps

Hose clamps which is available to coolant leakage and damages to the cooling hose after installation
should not be used. The mounting position follows the picture below.

Correct condition Incorrect condition
Clamp
......... o —
Layout iHose  Pipe
...... -
Center
Description Locate a clamp at the flat portion to Don’t locate at the bulge portion

avoid leakage.

5. Thermostat

The thermostat is necessary for rapid preheating of the engine and is mainly installed cylinder head-top of
the radiator line. The following table shows the thermostat specification of HDI.

Thermostat type Opening temperature | Full open temperature Maximum lift

Wax pellet 82°C 97°C > 8mm




G2 Diesel Engine Installation Guide - DM03

5-1) Operation of thermostat and flow of coolant

* Under Cold Condition

The thermostat value is closed until the engine reaches operating temperature. The coolant from the
cylinder head enters the water pump via the bypass circuit.

* Under Warn Condition

To Radiator

Once the temperature of coolant reaches the operating temperature of the engine, the thermostat valve
is opened and at the same time the bypass valve is closed, the coolant flows to the radiator.

5-2) Cabin heater line
If the cabin heater is to be connected, follow the below guides.

(i)  Inlet and Outlet diameter: = 13mm

(i) Inlet port location: Use the Thermostat service port. (Tightening Torque : 55 N.m)

(iii)  Outlet port location: Use a T joint from radiator outline



G2 Diesel Engine Installation Guide - DM03

6. Reservoir Tank

The cooling system consists of a closed circuit, but small amount of coolant is lost through the radiator cap
while the engine is running. coolant needs to be checked and replenished periodically; reservoir tank can
extend the period of coolant check. At the replenishment of coolant, only reservoir tank needs to be filled.
But both radiator and reservoir tank need to be filled at initial coolant charging of the engine.

6-1) Types of reservoir tank

There are two types of reservoir tank and refer to the table below according to the customer’s conditions.
HDI recommends a pressurized reservoir tank.

Condition Pressurized Type Non-Pressurized Type
Pressure cap
=
Air Air Pressuriz.ed —| Air vent Pressure cap
rest::;‘mr Coolant
Coolant Coolant/Air
Dlag ram Rad Pres’:z:‘iz d
(=]
Rad Make up Engine reservoir
Engine Line tank
| Coolant

Coolant

Easy to deaerate

Advantage Available to replenish coolant Easy to design of package
immediately
Overflow hose
—L
Air —EF% Top tank
_—I Full
Low Full
Install the jLow
H Reservoir tank should re.se[voir.tank R
|nStaI|at|0n Rad be installed above within this range Fall
Engine top of the cooling system —
| Low
. Bottom tank
Coolant Overflow hose should be closed
with bottom of the tank
Pressurized reservoir tank should be It should be installed between top and
mounted at the highest for deaeration. bottom of the radiator. Overflow hose
Description | Use the dummy radiator cap. should reach the bottom of the reservoir
tank to be sufficiently submerged in the

coolant.
Note : Reservoir tank should be installed where the coolant level can be easily checked. If the cooling
circuit is higher than pressurized tank or radiator cap in non-pressurized reservoir tank type, add an
auxiliary reservoir tank for deaeration.

6-2) Pressure cap structure

The function of the pressure cap is not only to act as the lid of the filling port but also prevents damage
to cooling system by high and vacuum pressure.
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~ r g

’ﬁn\

fo
y;
Pressure Valve
Negative Pressure Valve Gasket
Condition Warmed up state Cold State
Engine . .
o Operating State Stationary State
Condition P 9 y
Pressure Cap pressure Cop
Pressure Valve Overtlow hese 1 Overflaw hose
| — Negative \ =
l\».\’\“\ Pressure Valve ﬂ I—
Diagram H e
Gt o resnind iﬂf Condersed conng wr —Hr
Reservoir Tank) Reservoir Tank)
(Nen-Pressurized {Non-Pressurized
reservoir tank or reservoir tank or
awxiliary tank) auxiliary tank)
Operation
Pressure valve Vacuum valve
Valve
Openin
P 9 0.9 ~ 1.5 bar 0.1 bar
Pressure
When the pressure valve opens, the When the vacuum valve opens, the
. coolant of the cooling circuit flows coolant of reservoir tank flows into the
Description | . ; . .
into the reservoir tank to release the cooling circuit to recover the pressure.
pressure.

6-3) Selection of the Engine coolant reservoir tank capacity

The below conditions are recommended to use the reservoir tank and the volume can be adjusted

according to the machine condition. But if volume is too small, replace period of coolant can be
shortened.

» Total volume: 18 ~ 20%
» Expansion volume: > 8%

* Working volume: Depends on vaporization and replacement period of the coolant
* Minimum volume: Depends on the maximum tiling angle of the application

6-4) Coolant Supplying and Deaeration

All lines should be as vertical as possible to avoid air trap and to be filled the coolant smoothly. And

cooling circuit should be completely filled as coolant. If it's not full, the engine will overheat. Follow the
below for coolant filling and deaeration.

(i) After filling the coolant at radiator and reservoir tank, operate the engine for short period to remove
the air form the cooling circuit.

(i) If the coolant level is not just below of the filler, fill the coolant.

(iiiy Drive the engine sufficiently to open the thermostat and check that the radiator top is hot.
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(iv) Repeat this process until the coolant level is just below the filler.

(v) Fill the reservoir tank with the coolant to the proper lint when finished.

Note: Equipment coolant must be included in the total coolant volume and the amount of coolant on
equipment should be based on data obtained during design and test.

6-5) Installation of reservoir tank

Reservoir tank or item can be positioned on radiator or machine body. If you want to install to radiator
body, follow the below guide.

E/G DMO01/02 DMO03
Application Industrial Generator Industrial Generator
Customer HDI Customer HDI Customer HDI Customer HDI
Sourcin Not Not
= Allowed Allowed Allowed Allowed
allowed allowed
Max.
Weiaht (k 2.3 2.3 32 3.2
Guide eight (kg) - - - -
Max. X Y Z X Y Z X Y z X Y z
COG (mm) | <65 | <40 | <160 <80 | <40 | <160 <80 | <40 | <160 <80 | <40 | <160
Origin Origin
: / - z
z
Layout il

< Installation guide of Reservoir tank or item >

Note : Maximum weight and COG(center of gravity) include mounting bracket and coolant of full level.

7. Cooling Fan

7-1) Role of the cooling fan

In addition to cooling the radiator, the cooling fan helps to cooling several parts by creating cold air flows
around the engine.

Exhaust heat removal
Lowing the fuel temperature
Engine surface cooling

Protecting electrical parts from heat and reducing wire harness voltage drop

7-2) Selection of the cooling fan

At selecting a cooling fan, the heat exchange rate with the radiator, layout of engine room, the fan speed
and noise should be considered. Therefore, the fan is selected by predicting the required air flow rate
of the radiator and determine it through the test. (Reference: Airflow of HDI standard cooling fan)

Power unit Genset

Type Suction Blower Blower
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Part number 210101-00609 65.06601-5057 210101-00615
F(Tlrgr)n Air flow rate (m'/min)
1300 65 57 67
1950 112 98 116
2340 137 123 138
2860 162 154 -
3380 197 183 -

7-1) Blower fan / Suction fan

The characteristics of blower and suction fan type are as follows and it is needed to select the fan
suitable for using condition.

Type Blower Suction
Gen'eral'ly applied Stationary equipment Moving Vehicle
application
Advantages - Reduced engine room temperature | - Increased radiator efficiency
- Reduced harness and electric - Reduced fan noise
parts temperature

7-2) Material and deformation of the cooling fan

The cooling fan should be controlled to the ambient temperature of cooling fan below 80 degrees and
the fan speed below 70m/s to prevent deformation and breakage by overheat and air pressure.

8. Water Pump
8-1) Coolant flow rate

The coolant flow rate is the most important factor for the selection of the radiator, so radiator should be
selected based on this, Refer to the coolant flow rate of HDI engine.

Water pump Coolant flow rate [I/min]
(rpm) DMO1 DMO02 DMO03 PM02 PMO03
1200 40 55 50 40 40
1800 60 75 80 60 65
2160 70 90 95 75 80
2640 85 105 115 9 100
3120 100 120 135 110 120

The coolant flow rate is greatly affected by the total resistance of the cooling system and excessive
differential pressure reduces the cooling performance. For this purpose, the external cooling
system(from engine thermostat outlet to water pump inlet) should be not exceed 0.25 bar. Discuss with
HDI before applying external cooling system beyond this.

Note: To prevent cavitation, water pump inlet should be kept as positive pressure always.
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8-2) Bearing load

Cooling fan

Fan Spacer

The bearing load must be managed because fan assembly is installed on the water pump or fan bracket.
Excessive load causes damage to bearing, follow the guide.

Caution: If it goes beyond the below table, HDI’s approval is required.

DNO3 Length Weight Unbalance weight Thrust force
Fan - < 30N < 45g.cm < 300N
Fan spacer < 105 mm < 15N < 10g.cm -

Fan clutch Not Allowed

Note: Length is based on surface of fan pulley contacted fan spacer.
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Chapter 4. Exhaust System (After-treatment System)

Introduction

A main part of the exhaust system is composed of an exhaust gas aftertreatment system which reduces harmful
emissions to the levels required to meet emissions legislations. Various connection pipes and components are
also included in the exhaust system.

The exhaust gas aftertreatment system is mainly divided into two parts, i.e., catalytic converters and DEF (Diesel
Exhaust Fluid) supply system.

+  Catalytic converters include DOC, DPF, SDPF and SCR.

*  DEF supply system includes a dosing module (DM), supply module (SM), hydraulic lines (selective
supplement), engine control unit (ECU) and DEF tank (selective supplement).

Supply scope and responsibility

Given the importance of the exhaust system in controlling harmful emissions, only the parts or components that
are supplied by HD Hyundai Infracore Co., Ltd. (hereafter referred to as ‘HDI’) should be applied. A customer
shall be responsible for any damages caused by using non-HDI parts or components.

In case the manufacturers of vehicle or equipment supplies such a component as mounting bracket, pipe, flange,
and bolt etc. that is connected to or applied with the HDI exhaust system, they should properly follow this
installation guideline. Otherwise, the manufacturers of vehicle or equipment may take responsibility for damages
or malfunctions and therefore the warranty of the products supplied by HDI will no longer be valid. Machine
manufacturer is responsible for the verification and warranty of the parts or components that are supplied by
machine manufacturer itself.

Mandatory requirements
@ General requirements

*  The engine must be installed and operated with the aftertreatment system that has been matched to
the engine.

« Alljoints, clamps and pipes used between the engine and aftertreatment must be industry standard,
leak tight and must be durable.

*  Only all sensors and accessories supplied by HDI must be used.

*  Mounting clamps or bolts should be tightened as standard (or suggested) torque. It is not allowed
that loosened the clamps or mounting bolt for any purpose.

*+  The DOC/DPF and DOC/SDPF/SCR end-cans must not be re-positioned from the supplied position.

+ Additional change or manipulation such as piercing, welding, painting, insulation etc. onto the
aftertreatment system and its components are strictly prohibited.

©@ Aftertreatment hardware requirements

*  The exhaust system temperature drop and backpressure must meet the guideline which provided in
the Chapter 4.1. The maximum drop in exhaust pipe temperature and exhaust backpressure is
determined based on the application and the rated power and speed.
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The exhaust pipe length from turbo to aftertreatment inlet must be designed to meet under 2 m. If
customer want the exhaust pipe to be longer, customer should contact application engineer.

The exhaust stack must be designed to prevent water and dirt ingress into the aftertreatment.

In case of aftertreatment is mounted on chassis or iso-mounted on engine, flexible pipe (eg., bellows
pipe) between turbo and aftertreatment inlet should be applied. The machine manufacturer is
responsible for flexible pipe.

Gaskets, V-clamps and exhaust pipes must be properly installed to prevent leakage, and there must
be no malfunction of gaskets and V-clamps due to errors during installation. Gasket and V-clamp are
not reusable component.

The exhaust pipe should avoid touching or passing close to the air cleaner, fuel and lubricating oil
filters, fuel tank or piping, injection or lift pumps, radiator and also, alternator, starter motor wiring or
any electronic components.

The inlet and outlet pipe must be adequately supported to minimise the joint load, prevent induced
stress, avoid vibration and resonance.

@ Aftertreatment mounting requirements

The aftertreatment must not be mounted on the application or the engine system without HDI
approval.

The aftertreatment must be mounted to a structure that will provide sufficient rigidity to support the
aftertreatment mass and be capable of withstanding the maximum loading during a worst-case work
cycle (including shock loading) for that application. (For worst-case work cycle of application,
customer provides information to HDI application engineer and is responsible for the information.)
The detail requirement provided in Chapter 4.2-3.

Any brackets, bolted joints, mounts, welds or other structural elements supporting the aftertreatment
which provided by customer must be able to withstand all mechanical loads seen during operation.
The engine and aftertreatment failure occur due to abnormal vibration caused by deformation or
cracking of the support is not allowed.

The orientation of the inlets and outlets must not be adjusted during the installation process.

Aftertreatment location should be easy to access, without major component removal, for any service
and maintenance requirements.

@ Environmental requirements

Customer (i.e., the machine manufacturer) should provide a proper environmental thermal
management around the aftertreatment system to prevent thermal damage of accessories like
Sensors, Dosing module, etc. Refer to each limit temperature of accessories which is given in
(Chapter 2. and Chapter 4.3). This limit temperature must not be exceeded in the worst case that
could occur in real field conditions. Customer (i.e., the machine manufacturer) should provide this
worst-case information to HDI application engineer and is responsible for this worst-case information.

The aftertreatment should be located where air circulation around the canister is allowed and be
protected from debris or damage from outside the system.

DEF system (Supply module, Dosing module, DEF tank etc,.) must be protected against collection of
rocks, mud and heat source. (bypassing exhaust pipe, muffler, turbocharger, engine, etc.).
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1. System Specification

The maximum exhaust back pressure is determined based on the application and the rated speed.

Make sure that the measured back pressure is lower than those in the table below, when the highest

load possible is applied at the rated engine speed.

Exhaust Mass Back Pressure [kPa]

Flow [kg/hr] SDPF SCR
(Stageb) (Tier4)
100 4 4
180 6 6
260 12 10
340 20 16
420 31 25
500 43 39
580 58 54

Back Pressure [kPa]

Exhaust Mass

Flow [kg/hr] DOC+DPF DOC only
(Stage5) (Tierd)
100 3 3
150 5 5
200 9 7
250 13 10
300 19 14
350 26 16
400 34 20

- Install pressure sensor on A

Back Preszure Measurement point "A"

Exhaust system

| ||| [

Tail Gate

Exhaust Restriction (Back Pressure) :
From Turbocharger out to Tail gate
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* The maximum drop in exhaust pipe temperature is determined based on the application and the rated
power. Make sure that the measured value is lower than those in the table below.

- X axis: Exhaust Mass (kg/h)

- Y axis: Turbine-out Temperature (°C)

- Z axis: Temperature drop (°C)

DMO03

Y\ X 50 100 150 200 250 300 350 400 450 500
250 23.3 18.7 14.0 9.9 6.6 5.3 3.8 2.5 23 4.0
300 33.1 26.2 18.8 12.7 7.5 6.6 6.5 5.9 7.8 8.3
350 40.8 32.3 23.0 16.1 10.8 9.1 10.7 10.3 12.5 11.8
400 50.6 41.0 30.3 22.1 17.2 14.6 14.4 11.8 12.4 13.0
450 58.3 46.4 33.0 23.3 18.4 17.2 17.0 16.4 16.8 16.9
500 63.0 51.6 38.1 26.6 19.9 18.9 18.7 18.4 17.6 17.0
550 66.5 55.9 43.2 31.0 23.6 22.2 225 21.8 20.6 19.4
600 69.9 59.7 48.3 37.6 30.6 27.5 26.3 25.6 24.6 23.0

Turbine out Temperature "A"

— ? poC :”"E Tail Gate

Max Temperature
measurement section :
From Turbo charger out to DOC in

DOC inlet Temperature 'B'
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2. After-treatment System

HDI after-treatment system has catalytic converters, such as DOC and DPF. Given their importance in

controlling emission, only the parts that are supplied or applied by HDI must be used. Customers shall be
responsible for any damage caused by usage of non-HDI parts.

I'ER Stage 5 : DOC + DPF
(i ﬁ T4F : DOC Only
(with Dosing Control)
R o
© P
Actuators |||I| | /][]l Sensors
Engine CAN

Diagnostic CAN

Apressure sensor®
Temperature Bl -

Sensor* I L

\_> DOC [ DPF* [>

* 1 Not Included for Tier 4 Final ATS

Figure 4-A. After-treatment system diagram (<56kW)

HDI after-treatment system consists of DEF dosing system and catalytic converters. These catalytic
converters include DOC, SDPF and SCR. The DEF dosing system has a dosing module (DM), supply module
(SM), hydraulic lines (selective supplement), engine control unit (ECU) and DEF tank (selective supplement).
Given their importance in controlling emission, only the parts that are supplied or applied by HDI must be
used. Customers shall be responsible for any damage caused by usage of non-HDI parts.

Stage 5 : DOC + SDPF + SCR (w/ AOC)
Supply T4F : DOC + SCR (w/ AOC)
Module
= | Level sender A’ssy
r 2 1 =b— Engine
|_ ~ coolant

lines
m 100 il | ECU
(with Dosing Control)

o] [

©/ o
B A =

Actuators | [[1I]|[1I/>ensers AdBlue tank
Engine CAN

Diagnostic CAN

Dosing

| Engine Apressure sensor®
NOXx sensor Module —-— ((I}?]Z:t Temperature Qe NOx sensor
l sensor l
—
v !
DOC Mixer SDPF* SCR (w/ AOQ)

* 1 Not Included for Tier 4 Final ATS

Figure 4-B. After-treatment system diagram (=56kW)
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2-1) Safety

The converter must be designed in such a way that the exhaust temperature from the tail pipe does
not cause property or physical injury to by standers.

Avoid transfer of excessive heat from engine, gear box, muffler, exhaust pipe, and other components
into the DEF tank.
Increase in DEF temperature can cause decomposition, which, in turn, could lead to engine faults

and emission performance failure. We recommend controlling the temperature to below 60°C during
operation.

2-2) Mounting

The converter must be located to minimize heat loss.

The exhaust system must not contact any adjacent vehicle components. (minimum clearance with
vehicle : 25.4mm)

The after-treatment system that is designed for horizontal orientation must be installed in the
designed orientation.

The exhaust pipe connected to the inlet of the after-treatment system cannot be used to support the
after-treatment system because it induces a bending moment.

For chassis-mounted after-treatment system, flexible connections are required between the
turbocharger and the after-treatment system to prevent motion constraints between the engine and
the machine frame.

If HDI supplies after-treatment system with mounting brackets, the machine manufacturer must
follow the assembly guidelines provided by HDI.

If parts from the machine manufacturer are assembled in addition to after-treatment system supplied
by HDI, the machine manufacturer must prepare and follow the appropriate overall assembly
guidelines, including assembly guidelines for parts supplied by HDI.

If inlet or outlet pipe which is provided by the machine manufacturer is additionally connected to the
after-treatment system supplied by HDI, the machine manufacturer must assembile it with aligning
along its center line. Otherwise, some problems such as gas leakage, abnormal noise, excessive
pre-stress or flow resistance, etc. may occur.

If a connection pipe is installed between the turbocharger and the after-treatment system, it should
be done in such a way as to prevent any leakage.

One of the following three types of tail pipes must be selected and fitted. In the case of chassis
mounting, the machine's tail pipe connected to the ATS outlet pipe must have the first fixation point
applied to the chassis frame within 670mm from the reference point of the ATS outlet pipe, to prevent
an excessive bending moment on it. Additionally, a flexible pipe (bellows) must be applied between
the ATS outlet pipe and the first fixation point. HDI engineers can adjust the first fixation point based
on the review for the exhaust layout.

Machine (or Vehicle) side should satisfy the three concepts described in Figure 4-C. But, if
Machine (or Vehicle) side is not able to follow one of the three concepts of Figure 4-C, they MUST
discuss with a proper HDI engineer whether an alternative Machine (or Vehicle) tail pipe layout is
possible or not. As a result of this discussion, additional validations such as machine durability test,
RLDA vibration measurement, stress measurement, etc. could be requested to Machines (or
Vehicles) side to verify the durability and reliability of HDI's ATS system.
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Non-contact (recommend) Chassis mounting ATS mounting
(Tail pipe mass < 600g)
4Tail pipe Tail pipe Tail pipe
Chassis Chassis Chassis
T7777 777778 _[7777 [T 7777777 7777 777777777771 vad
r BELLOWS —>

After-Treatment After-Treatment

After-Treatment

System System System

Figure 4-C. Types of tail pipe

| First fixation point: within 670mm from reference point Reference point

Figure 4-D. First fixation point of tail pipe chassis mounting

“ Caution : When mounting ATS, all bolting points must be tightened to the
specified torque. Arbitrarily missing the bolting point or changing the
assembly torque is not permitted.

2-3) Vibration

ATS vibration is validated by both PHV (Peak Hold Value) and PSD (Power Spectral Density). Machine
side should conduct a machine vibration test to show that these ATS vibration guidelines are satisfied,
and those test results should be reviewed with HDI. The ATS muffler system should be properly installed

in the machine.
» Engine operating condition

- The vibration loads must be measured in all relevant states of vehicle operation including worst-
case vibration conditions.

- Acceleration sensor should be installed on the center and top of the after-treatment.
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B Acceleration sensor

ISO view Top view

DMO3 —I [
N || ==L,
DMO03
>56kW

Figure 4-E. Location of acceleration sensor

* Permissible vibration loads
PHV (Peak Hold Value)

- The maximum vibration level of ATS muffler system is lower than 20G for engine mounting case
or 5G for chassis mounting case.

- Measurement point: Muffler top (Measurement point should be checked by HDI.)

Mounting Position Guideline
- Not to exceed 20g (peak value) within 10~250Hz.
Engine Mounting - The 1st resonance frequency should be over target frequency*.

*Target frequency (Hz) : Rated engine speed /60 x Num. of cylinder x 0.5 x 1.4

- Not to exceed 5g (peak value) within 10~250Hz.

Chassis Mounting - The 1st resonance frequency should be over 50Hz.

30 Test Spec
Engi G Averaging PHV
25 Cr}iimé moun :g Scailing Peak
— 518 mountimg RESO] . II'I.Z
C) 20 Sampling Frequency | > 500Hz
g Bandwidth > 250Hz
£ 15
k)
o
g 10
5
0
0 50 100 150 200 250

Frequency (Hz)

Figure 4-F. Vibration load of after-treatment system
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PSD (Power Spectral Density)

- PSD profile which is provided from HDI is satisfied (Refer to below example table and graph)

- Measurement point : Muffler mounting (Measurement point should be checked by HDI.)

- PSD profile will be provided according to ATS mounting position and machine application.

1

0.1

0.01

PSD [(m/s?)¥/Hz]

0.001

0.0001

S—

50
Frequency [Hz]

500

Frequency [Hz]

PSD [(w/s?)2/Hz]

5

0.0836

13

0.1008

16

0.0561

31

0.0541

54

0.0054

146

0.0434

151

0.0342

201

0.0061

0.0061

Figure 4-G. Example of PSD vibration load on after-treatment system

Caution : Both PHV and PSD should be satisfied as ATS mounted on

application.

2-4) Remote DP sensor

In case of remote DP sensor, customer should be mounted on the mounting plate or vehicl

e chassis by the below guidelines.

Tightening torque of M6 screw: 8Nm + 2Nm

To minimize the risk of intrusion of water, dust etc., and the risk for mechanical damage, the DP se
nsor should be located as well as possible in a protected area.

The mounting plate or vehicle chassis on which the DP sensor is mounted must be corrected positi
on as pin hole and guarantee durability for mounting the DP sensor.

Pipes and hoses from the pipe port to the DP sensor must always be installed with an upward slope
to prevent condensate from accumulating.

For detailed guideline of the DP sensor, refer to “chapter.2 3.DPF Differential Pressure Sensor”.
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Electrical connector
Pin hole Hose

M6 screw (BNm = 2Nm) | material VMQ(silicon)
Specific gravity 1.2
High pressure port

Inner/Outer diameter ID 7.5mm, OD 14.5mm
Heat-resistant 200 °C
temperature
Clip
Material SK5M, 0.9t

. 13.1mm (over 15.5mm
Inner diameter P

when clip is spread)

Figure 4-H. Layout and requirement of remote DP sensor

2-5) Fuel and Engine lubricant oil

« To prevent catalyst and filter from deactivating, the sulfur of fuel must be lower than ULSD regulation.
(based on nationality)

+ To prevent any catalyst and filter poisoning, a CJ-4/CK-4 grade lubricant oil must be used.

+ To reduce ash generation from the engine, a low SAPs type lubricant oil is recommended. (Sulphated
Ash < 1.0 %wt)
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3. DEF dosing system (256kW)
3-1)  Connectors for SM and DM
*  There are two hydraulic connectors: SAE J2044 3/8” and 5/16".

Wire connector

Filter Cover
Tightening torque: 20 Nm+5

Wrench : 27Tmm . .
Suction. Line

(Tank—SM)
SAE J2044; 3/8”

/Approx. 134mm

Backflow Line
(SM=Tank)
SAE J2044; 3/8"

Pressure Line
(SM—DM)
SAE J2044; 5/16”

Figure 4-K. Supply module connector

*  There are two hydraulic connectors: SAE J2044 3/8” and 5/16”.

Urea Connector
SAE J2044 . 5/16"

* Electrical Connector

Coolant Connector

>

4

4

u; (@6 (20)
f:un‘ AMETER

Y
|

Figure 4-L. Dosing module connector
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3-2)

3-3)

“ Caution : The same counter connector is used for DPF (SDPF) temperature
sensor and dosing module. A sufficient distance should be secured between
the two to prevent any mis-assembly.

“ Caution : Do not confused where to install between coolant line and DEF line

Electric connector interface for SM
Avoid placing freely vibrating T-connections before the first fixation point (limit free vibrating mass).
The vibration load specification must be followed for the intended machine application.

Analyze the condition of harness-side connectors during machine wear validation (customer’s
responsibility).

We recommend using one of the default cable clamping points for the SM cover. Refer to Figure
4-M.

The SM housing and the first fixation point of the wiring harness should be positioned to avoid any
relative motion, caused by vibration, between the wiring harness and SM. The distance between
the first fixation point and the clamping point on the cover must not exceed 100 mm. If there is no
clamping point, the distance between the first fixation point and the connector must not exceed
100 mm. In any case, the routing needs to be kept straight for the harness section leading to the
first fixation point (directly from the connector or from the clamping point on the cover).

«— Clamping points

#

Figure 4-M Clamping points for electrical cables

Hydraulic (DEF) line fixation for SM

The SM fixation and the first fixation point of each hydraulic line must ensure that relative motion
between the SM and hydraulic line is avoided.

The line should be routed and fixed to ensure that preload on mechanical connector (transverse
forces and/or torsion) is reduced to a minimum.

The maximum distance between the SM hydraulic connector and the first fixation point of the
hydraulic line is 200 mm. The clamping points for electrical cables (Refer to Figure 4-M) must not
be used for attaching hydraulic lines.
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3-4)

3-5)

3-6)

Electric connector interface for DM

The electrical wiring has a capillary barrier (dosing module side) with a length of at least 40 mm.
This capillary barrier prevents DEF ingress in the direction of ECU.

Make sure that the electric connector does not come into contact with DEF or water during
assembly or disassembly.

For further information, refer to the technical document on electrical plug: 1 928 A02 11T-000.

The electrical cable must be supported with suitable support devices to withstand the same
vibration level occurring at the DM (fastening point). The distance between the DM and the support
device should not exceed 100mm along the wire.

Maximum tensile load at the cable (application of force parallel to DM-axis): 80 N.
Bending radius of electrical cable:
Single bending: 5 x cable diameter,

Multiple bending: 15 x cable diameter.

Hydraulic (DEF) connector interface of DM

The maximum force that can be applied at the end of the DEF connector is 50 N under all operating
conditions. There should be no pre-load applied to the connector during installation (see Figure 4-
N).

A suitable support device is needed for the hydraulic hose (DEF). The maximum distance between
the support device and the connector point is 200 mm at the vibration level of DM.

Fy
F,l ° Angriffspunkt/
'QQR Point where force acts
%\\ \VQ
R R
Fx AR
N\

Figure 4-N Force at DEF- hydraulic connector

Installation of supply module

Install the SM at an angle between -45° and +45° from the reference point (RP) in both directions.
These angles should be measured from the horizontal.

-450 +45°

—45°% < ¥ < +45°

ry= a:mn_pos + incl _ park

y Overall angle relating to horizontal
Omnt_pos Mounting angle of SM
Binet Angle of vehicle inclination

Figure 4-O. Supply module orientation
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3-7) Distance for supply module replacement

»  The SMfilter has to be replaced periodically. For further details, refer to “Operation & Maintenance
Manual’

*  The distance between the tool and the SM should be at least 155mm when the filter is completely
uninstalled.

155mm

Figure 4-P. Supply module filter replacement

3-8) Requirements for dosing module coolant layout

+  The DM should operate within the required operating temperature range (refer to chapter4. 3-16).
The design must assure appropriate cooling performance due to potential overheating of DM after
engine shut-off.

+ The DM coolant connector has to be installed as to avoid drainage. The coolant hose should be

capable of holding a coolant volume that is greater than 250cc, when facing upwards, as shown
in Figure 4-Q.

1/ Connector distant 1o exhaust pipe
2/ Connector near to exhaust pipe

Allowed Not allowed
Figure 4-Q. Dosing module coolant hose

*  The DM cooling tank should be installed for cooling of the DM and prevention of thermal damage.
The layout of the cooling tank is shown in Figure 4-R. The cooling tank should be positioned higher
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than the DM and the SM cooling line for de-gassing.

*  The cooling tank should be installed in the coolest area inside the machine. The coolant line from
the DM to the cooling tank must be inclined upward to prevent air from being trapped inside the
coolant line.

*  Measures, other than those recommended by HDI, can be applied to prevent overheating of DM.

+  The cooling tank, whether supplied as an option or purchased by customer, must be connected
directly by customer. When installing the option part (supplied by HDI), refer to the coolant
direction and tank installation direction as shown in Figure 4-S.

. Low port R High port
| DEFllme l Id Dosing module — Cooling tank* “ Cooling tank* — Water pump
Il Coolant line (cold) (upward continuously)

I Coolant line (hot)

[Backflow line*]
Supply module — DEF tank
A

N
\ T
‘\\\X\“ﬂ iy
Downward using L connector » . 4

3

ok
2

Thermostat
— Dosing module

Thermostat — DEF tank*

Min. siphon
height : 100mm

DEF tank* — Water pump < % .
[Pressure line*] ‘, [Suction line*]

Supply module — Dosing module  DEF tank — Supply module

'
Using T nipple

or machine side pipe . i
Note : Marked parts by “*" may have different supply scope depending on the OEM.

Figure 4-R. Dosing module cooling system layout

Coolant out
|
Coolant in Option#1 -
(from dosing
module out)

Coolant out

Coolant in
(from dosing
module out)

=)

Figure 4-S. Dosing module cooling tank (supplied by option)
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3-9) DEF system layout

*  The layout of DM, SM, and DEF tank is critical to assuring the performance of DEF dosing, filling,
and emptying. The figures below show our recommendation for the layout of DEF system.

3-10) DEF system layout: from tank to supply module

* Figure 4-T and Figure 4-U are the recommended layouts for installing the suction line and the
backflow line. A siphon must be integrated in the system. It has to be appropriately sized to trap
any residual DEF from the lines. The section A should be as short as possible.

A
Backflow line 90° connectors
R [ e
Suction line
<1m
b
TNK
x_ = below

Figure 4-T. Layout: Tank below supply module

* As shown in Figure 4-U, the difference between the height of the reference point and the height
of the highest point in the suction line has to be considered for emptying of SM after operation.
Additionally, the highest point of the suction line has to be above the maximum DEF tank fill level
to avoid any backflow into the SM after emptying it.

Backflow line
S SRR Irnnnm -----
Suction line
>0m
e N v ____________________ _I__.
TNK
above

90° connectors
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3-11) Layout of DEF system: From supply module to dosing module

* In Figure 4-V, the DM is installed below the suction module. An appropriately sized siphon must
be integrated close to the DM, coupled by an angled line connector pointing downwards towards
the hydraulic connector of the DM. This can be achieved by using a rectangular connector. The
section A and B should be as short as possible. The pressure line must be routed downwards
from the SM connector (angled line connector recommended). If that is not possible, an
additional siphon is needed at the SM.

A

Pressure line [ \

Siphon

Figure 4-V. Layout: Dosing module below supply module

* In Figure 4-W, the DM is installed above the SM. An appropriately sized siphon must be
integrated close to the SM. The section A and B should be as short as possible. The pressure
line must be routed downwards from the DM, coupled by an angled line connector. If that is not
possible, an additional siphon is needed at the DM.

{—1—\ Pressure line

g
l

=) _ Siphon

Figure 4-W. Layout: Dosing module above supply module
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3-12)

Hydraulic circuit pressure paths

Hydraulic Lines

Details

Conditions

Pressure loss between tank and SM inlet (tank pre-filter and suction
line) at maximum pump motor duty cycle (including dosing and
backflow volume), considering the difference in heights

Normal operation

Suction Line
(SM Inlet)

Recommendation for inner diameter: 6mm

The line length should be in compliance with the required maximum
differential pressure limit, defined in 4-2-2-7, especially during
pressure build-up and maximum dosing.

Pressure difference between SM backflow outlet and tank,
considering the difference in heights and tank overpressure

Normal operation

Backflow Line
(SM Backflow)

Recommendation for inner diameter: 3mm

The line length should be in compliance with the required maximum
differential pressure limit, defined in 4-2-2-7. In case of partial
emptying of the backflow line, the volume restrictions should be
taken into consideration.

Pressure difference between SM outlet and DM inlet at maximum
doing rate, considering the difference in height

Normal operation

Pressure Line

Pressure loss between DM inlet and SM outlet when emptying with
open dosing valve, considering the difference in heights

After operation

(SM Outlet)

Recommendation for inner diameter: 3mm

The line length should be in compliance with the required maximum
differential pressure limit, defined in 4-2-2-7.

Note : Any deviation from recommended diameter would have to be assessed

3-13)

and evaluated.

DEF line pressure loss

«  Differential pressure / pressure loss"

c s . . Max. differential
Hydraulic Lines Operating condition Pressure / hPa
- . ) 2)
Suction Line From pressure build-up to max. dosing rate 200
(SM Inlet) Purging, after operation +150
- . +
Backflow Line From pressure build-up to max. dosing rate 150
(SM Backflow) Purging, after operation -150
- . +200 3
Pressure Line From pressure build-up to max. dosing rate 200
(SM Outlet) Purging, after operation -200
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1) Reference for pressure loss: Temperature: 25 °C Altitude: Om to 450m above sea level

2) We recommend an inner diameter of 6 mm for the suction line, connected to the SM inlet. Avoid using long
and thin lines as it may lead to high pressure loss. Filter pressure loss (prefilter loaded with DEF, breather
line filter, etc.) and the difference in system components’ heights would have to be considered as well.

3) Depending on the amount of pressure loss, the pressure at the DM inlet connector may deviate from the

nominal DEF pressure, provided by the SM. The level of pressure (and their possible impact on flow rate
and spray quality) needs to be checked for every vehicle-specific parameter combination.

“ Note : Depending on the flow direction, a positive or a negative differential
pressure occurs at each connector

3-14) Protection of System Components

«  The components need to be protected against mechanical and heat impacts as described below.

System Protection against Description
Component
Rocks, mud and debris The. shield must be structured as to
avoid collection of rocks, mud, etc.
Supply
Module The module needs to be protected
. . . against heat sources (bypassing
Overheating during operation exhaust pipe, muffler, turbocharger,
engine, etc.).
Rocks, mud and debris The. shield must be structured as to
avoid collection of rocks, mud, etc.
Dosing
Module The module needs to be protected
. . . against heat sources (bypassing
Overheating during operation exhaust pipe, muffler, turbocharger,
engine, etc.).
DEF Tank Requirement Description
Backflow Line The backflow line needs to be | The line should be placed in air, above
positioned at the end of line. fluid.
The residual air needs to be above
Residual Air fluid, at the maximum level of DEF | The requirement should be followed.
tank.
I The tank needs to be equalized with | Contact with DEF fluid should be
Tank Ventilation : .
ambient pressure. (+5hPa) avoided.

The temperature sensor needs to be located close to the suction line to minimize
any impact that the tank heater may have on its measurement. It should also be
placed at the minimum tank level.

Pre-filter in Tank Use of pre-filter recommended — o
. Mudu\e ‘entilation line filter
- Tank Neck Filter : < 100um | ’ < 70um
F\HZI r;g:r::\ter

- Tank Vent line Filter : < 70um
- Tank Suction Filter : < 40um (3D filter) t

Temperature
Sensor

Tank filter
< 40pm
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*  The suction line should be connected at the top of the tank filter

Suction
line

R

Suction
line

Figure 4-X. Suction line

3-15) Vibration
*  The vibration limits in terms of PHV (Peak Hold Value) and PSD (Power Spectral Density) are as
follow for the SM and the DM.
Swept sine vibration test profile (X,Y,Z) Random vibration test profile (X,Y,Z)
80 100.00
70
% 60 _
E =0 § 10.00
% 40 E
30
1.00
20 §
10
0 0.10
0 50 100 150 10.00 100.00 1000.00 10000.00
frequency [Hz] frequency [Hz]
by Marimum acgeleration Frequency (Ha] PSD [(mis?) ]
5 2 30 16
Values for maximum acceleration 10 a“ Values for PSD versus i =
versus o P A 215 31
30 73 220 0.44
100 73 2000 0.44
Figure 4-Y. Vibration limit of supply module
Maximum Acceleration versus Frequency PSD versus Frequency
%0
0 100
o
§ 60
Ea
fo F 10
§% ¥
i x £
e 2
0
0 100 200 300 400 500 600
Frequency [Hz]
Frequency [Hz] Maximum acceleration [m/s*] 0.1
:2 ;: Frequency [Hz]
55 60
Values for 65 80 Frequency [Hz] PSD [(m/s2)2/Hz]
acceleration versus frequency 260 80 30 12.44
260 50 Values for PSD versus 180 0.33
350 60 frequency 300 0.23
350 40 600 8.9
520 40 2000 8.9

Figure 4-Z. Vibration limit of dosing module
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3-16)

TCin/out

Temperature

TEnv

TCinfout ®

I

TABIn

- = B TABball s

TABIn Temperature DM Inlet AdBlue
TCin Temperature DM Coolant Inlet
TCollhousing Teout Temperature DM Coolant Outlet

TABball Temperature ETI Tip AdBlue
TFlange Temperature Flange

TEnv Temperature DM Environment
TCableholder] Temperature ET] Cableholder
TCoilhousing| Temperature ET] Coilhousing

TcCableholder

Engine On
T T T max
Component min | max short Remark
Q)| (°C) | term(°C)
DEF inlet 5 9 If T_Env exceeds 180°C, insulation/cooling is necessary at the DEF-
temperature inlet.
DEF
temperature -5 120 If the temperature exceeds 120 °C, it may cause flash boiling
inside valve
Ambient «~ | Astrong flow of cold air could freeze the DEF-connector when placed
-40 | 160 180 . .
temperature under an extended period of non-dosing
If the coolant temperature is lower than -5°, DEF may freeze during
Coolant inlet 110 . operation.
and outlet The standby mode period should be taken into consideration for “cold
start”.
Temperature 20
g:ftj:sgge (operation | Due to the thermomechanical stability of the welded valve a
. mode) maximum temperature difference between DEF and coolant or
coolant inlet 100 ;
coolant and coil temperature has to be met.
and DEF (Coil
inlet Heating)

* Tmax = Limit temperature (no continuous operation)

** short-term: < 15 min., £ 100h over lifetime, for stable temperatures, by cooling down at air e.g. during after run
conditions, (no water shock)
*** The temperature specification for valve parts and DEF should be met.

If the system is running for two days without dosing (while conforming to the required temperature specifications), DEF in
the valve has to be refreshed by dosing. Failure to comply with the specification could cause DEF to decompose and
create corrosion inside the DM/valve.
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Engine Off
DEF inlet 40 | 180
temperature | - maximum of 80 h over operating time
DEF
temperature | -40 | 140
inside valve
Ambient 40 | 160 180** | short-term: < 15 min., = 100h over lifetime. For stable temperature,
temperatures the system needs to cool down with air.
Feature Remark / conditions Unit | Min. value Max. value
at SMinlet °C -5 60
Mean value obtained at SM inlet, R
. . L C 50
over useful life for on-high applications
DEF ) )
temperature Mean value _obtamed at. SM mlgt, . °c 60
over useful life for off-high applications
Temperature exceptionally allowed at SM inlet, for off-
highway applications, for up to 1,400 hours | °C 60 70
(accumulated over useful life)
during operation °C -40" 852
Stand-by mode 5) °C -40% 602
Ambient after hot shutdown °C 8524
temperature
A new or empty SM that is connected to hydraulic and
electric connectors; exposure limited to 2 hours (one | °C 100

time event)

) This temperature refers to the ambient machine temperature as pump and RVV operation is only allowed when the
system is thawed and contains liquid DEF. This must be confirmed using a temperature sensor installed inside the SM

(application specific). The heating strategy and calibration must be defined accordingly.

2) This temperature refers to temperature that is measured 1 cm away from the hottest spot of the SM housing.
3) A temperature below -5 °C is allowed for the purged system.
4) The temperature has to be < 60 °C within 2 hours to avoid DEF overheating and aging of plastics/elastomers.
5 Long-term storage/machine shutdown is not subjected to this specification.
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3-17) Battery disconnection

*  The battery should not be switched off for 2 minutes after turning the key off for SCR system
protection.
(After operation -> Emptying -> Pressure Compensation, etc.)

3-18) DEF dosing system shutdown

e Shutdown of DM:

Follow the normal shutdown (entire emptying of DM completed) procedure. The DM can remain
deactivated under the following circumstances:

Water present in residual DEF inside the DM must not evaporate.

Do not disconnect any electrical or hydraulic connectors.

6 months: Ambient temperature of -40°C to 40°C

9 months: Ambient temperature of -40°C to 25°C

Recommissioning must be performed when restarting after the required shutdown period, as
described below:

1. Refill the tank with new DEF.
2. Start the dosing system.
3. If a failure is detected, shut down the dosing system.

4. Wait until the main relay of the ECU is deactivated (depending on application) and re-start the
dosing system.

5. If failure persists, contact a qualified service engineer.

e Shutdown of SM :

After following the standard machine shutdown procedure, including DEF purging, the SM can be
deactivated if water present in residual DEF inside the SM remains unevaporated (we
recommend refilling with DEF until the maximum tank level is reached) and all hydraulic and
electrical connectors stay plugged in. Follow the period and temperature limits are provided table.

Maximum period/ Minimum ambient Maximum ambient
months temperature / °C temperature / °C
2 40 40
4 40 25

Recommissioning process:

1. Refill the DEF tank with new DEF.

2. Replace the main filter of the SM.

3. Start the denoxtronic system.
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4. DEF Tank (256kW)

You can choose to use or not use a DEF tank that is supplied by HDI. Check the list of supply and follow
the instructions provided in this section, where applicable. In the case of a standard engine, you must be
use a DEF tank supplied by HDI according to its sales characteristics, and you can choose between 15L
and 30L options.

4-1)  Specification (DEF Tank supplied suffix only)
+  Specification of DEF tank supplied by HDI

Tank Total volume Usable volume

15L DEF Tank 194 L 15.0L

25L DEF Tank 344L 259L

30L DEF Tank 384 L 30.9L

DEF Sensor Assy
(quality, temp, level) Tank Body
Air vent hose / \ \ RefiEGap
™ | \
NN, ' 5‘“ DEF level indicator
\/)“,ﬁ?‘ N

Pressure line : separated delivery
(supply module to dosing module)

Suction line
(DEF tank to supply module)

Supply module

Backflow line
(supply module to DEF tank)
Coolant valve

Figure 4-AA. Configuration of 15L DEF tank
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4-2)  Connectors (DEF Tank supplied suffix only)

*  The DEF and the coolant in/out ports should be connected correctly.
SAE J2044 3/8"

Coolant Outlet B
0 Engine’

SAE J2044 3/8"
Urea Qutlet_SL
To Supply Module

SAE J2044 5/16"
Urea Inlet_BL
(From Supply Module)

SAE J2044 3/8"
Coolant Inlet
(From Coolant Valve)

SAE J2044 3/8"

Urea Inlet_SL
(From Level Sender) SAE J2044 5/16"
SAE J2044 3/8" Urea Outlet_PL
Urea Outlet_BL (To Dosing Module)

(To Level Sender)

Figure 4-AB. DEF/Coolant connectors

4-3) Wiring Connection (DEF Tank supplied suffix only)

*  The pin assignment is as below

+12V(PIN NO1 ! CAN HIGH(PIN NO3)

CAN LOW(PIN NO4) GROUND (PIN NO2)

DETAIL OF "B" (DIN 72585 CONNECTOR)
MATING CONNECTOR : Tyco 1-967325

Figure 4-AC. DEF Tank Wiring Connector

= The battery (+) line (e.g. Ubatt, after ECU Main Relay) should be directly connected to the Pin
NO1(+12V). Do not connect the circuit controlled by key switch or any controller.
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4-4)

4-5)

Breather filter

Air vent hose serves to prevent the shape of tank from being deformed by breathing air as much
as the volume that decreases as urea is consumed.

In order not to block the air vent hose and filter by urea solids, breather filter is installed 150 mm
higher than the sender.

The air vent hose is always installed upward slope from the air vent port to the filter. (No siphon
area)

Figure 4-AD. Position of breather filter

Regulation

Environmental agencies (EPA, EU and so on) regulate SCR systems to ensure that DEF does
not freeze or refreeze during operation. For example, EPA stipulates the defreeze time and test
mode, as shown in Figure 4-AE.

The DEF tank volume is determined based on the DEF refilling frequency and the fuel refilling
frequency. According to the EPA, the DEF refilling frequency should be identical to or less than
the fuel refilling frequency. In other words, fuel should be refilled more frequently than DEF.

Issue: Whether SCR systems are designed to ensure that DEF does not freeze or
refreeze during operation
EPA Thinking:
— Freeze protection systems will be evaluated as Auxiliary Emission Contro| Devices (AECDs)
— Engine designs expected to incorporate DEF thawing and freeze prevention technology
— For engines installed in qu}pment not intended to operate in cold temperatures, in lieu of a
a

DEF thawing system, manufacturers may demonstrate engine is designed not to operate in
freezing conditions

Examples:

— The following test procedure has been offered as an example of a test procedure that could be
used for ensuring that the AECD is used appropriately
*  Prior to Procedure:
— Temperature DEF at 20° F (maximum)
+ Soak Conditions:
— Temperature 0° F (maximum)
— Time: 72 hours or solid DEF (whichever occurs first)
Test Duty Cycle:
—  Temperature: 0° F (maximum)
- Time: 70 minutes (maximum)
»  Start engine and idle with no engine load for 20 minutes
O i * 1 J

perale gnana ue o DAl 2ad ed spead lor up Qm

— SCR systems that are capabl f IIy unctioal doing at the coclsion of the test procedure
may be considered acceptable

Figure 4-AE. EPA regulation on DEF defreezing
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4-6)

4-7)

DEF Heating

HDI's DEF defreeze logic is as follows: tank heating by tank heater valve control, electrical
heating by the SM and the urea lines.

The DEF tank is heated by engine coolant. The tank heater valve (not included in scope of
delivery) in front of the DEF tank inlet and the coolant hose to the DEF tank have to be designed
by customer. The mass flow rate to the DEF tank must exceed 4 I/min at high idle.

The tank heater valve is triggered by the DEF temperature sensor which located inside the urea
tank.

The SM is heated electrically and the SM temperature sensor, which is located inside the SM,
triggers its electrical heating.

The electrical heating by the DEF lines valve (not included in scope of delivery) must exceed 15
watts per meter for proper heating of the DEF lines.

The DEF line heating is triggered by the environment temperature sensor (not included in scope
of delivery) that measures the temperature around the DEF lines. The environment temperature
sensor should be installed near the SM (typically within one inch around SM) by customer as all
DEF lines start or end at the SM.

| Pressure Line 9.9
N
Water Pump
Supply Module
Suction Line
5 Backflow Line
__— Level Sensor
Thermostat P
b 1 Dosing Module

7

Tank Heater Valve Tank \\ /

V

Figure 4-AF. Layout of hydraulics

Machine validation of SCR system

The following tests must be carried out to validate the SCR system. A test can be replaced or carried
over with prior agreement with HDI. For further details, contact HDI application engineer.

Test Details

- Installation check

SCR system check - DEF dosing control check

- DEF heating control check

- Measure temperature for SCR components(DM, SM, etc)

Hot test - in hot chamber or trip test

- DEF defreezing test in cold chamber according to test mode of EPA or EU
Cold test .

- SCR components temperature check (optional)

- Implement test at high altitude if necessary
High Altitude test - Check DEF dosing control function

- Check temperature of SCR components
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- DEF deposit check during machine durability test
Deposit check - Visual check or weight measure
(every 200hours during the machine durability test)

Vibration test - Measure vibration for SCR components

DEF consumption - DEF consumption monitoring

5. NCD & PCD Inducement

To prevent failures that may be caused by emission-related parts (EGR valve / DPF System / SCR System),
the ECU will gradually derate the engine speed and torque. Such data must be transmitted and drivers
should be notified with a lamp. Equipment manufacturers should make sure that such inducement system is
in place, and agreed with HDI prior to its installation. The system must comply with relevant regulations.

The dosing control unit monitors the performance of the SCR catalyst by monitoring the level of oxides of
nitrogen in the exhaust gases passing the SCR catalyst and DEF level in the tank. When the efficiency of
the SCR catalyst fails or DEF level drops to a certain level to meet EPA requirements, fault codes will be
stored and the indicator lamp will turn on. Also these inducements limit the engine power and vehicle speed.

So the indicator lamp must be operated as we have discussed to inform each inducement level to the driver.
HDI engine with SCR system warn faulty DEF quality and low level in case bad quality is used or level is
below warning threshold. Once operator notice warning message, they need to fill proper concentration DEF
or refill DEF. Warning system follows CFR 1039.110.

6. In-use Testing

The U.S. EPA certification regulations on NRCI engines require HDI to notify the equipment manufacturer
that sampling of exhaust emissions must be done after engines are installed and placed in service. If this
cannot be achieved by simply adding a 20-centimeter extension to the exhaust pipe, the equipment
manufacturer must demonstrate to HDI how exhaust emissions can be sampled without diluting the exhaust
sample with ambient air.
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Chapter 5. Lubrication System
1. System specification

+ Min oil pressure at rated speed during operation: 4.0 kg/cm? ~ 5.5 kg/cm?
(at worst case)

* Min oil pressure at idle : 1.0 Bar (at worst case)

» Max oil temperature (at oil main gallery) : 135°C (at Operating condition)

> Worst case : oil temperature is 135°C and Max. Clearance and tolerance of outlet
2. Additional design considerations

» The engine must be equipped with a full flow lubricating oil filter. An oil low pressure warning system or
engine shutdown device is mandatory.

» An engine mounted filter is standard and is strongly recommended in order to ensure the optimum priming
situation and reduce flow resistance and leaks.

ROCKERARM /HLA

-, ! CAMSHAFT BUSH
A4

_—

.;, CONROD BEARING

I MAIN BEARING

| £ IDLE GEAR

i '—;—--
: : £ (@) m== COOLED CLEAN OIL
H ¢ Relief Valve

e —— i : Ol Pump =— COOLED DIRTY OIL

\ By-pass hole === HOT DIRTY OIL
v /

Figure 6. Lubrication system diagram
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3. Engine Oil Specification

Please use the engine oil which satisfies the following recommended Specification

_ . 1,000hr interval*
Fergflit?g n SAE Classification SO%VLrllgge;rrval Or lyear
(DI approval required)

Tier3(Stage3) 10W40 API CI-4 API CK-4
(ACEA E5) or above

or above
Tier4(Staged) 10W30/40 API CJ-4 API CK-4
15W40 (ACEA E®6/9) or above

or above
Tier5(Stage5) 10W30/40 API CJ-4 API CK-4
15W40 (ACEA E®6/9) or above

or above

* Service interval varies depending on Engine Oil, Diesel fuel quality and operation conditions. Determine
service intervals by analyzing the engine oil properties under working conditions after analyzing the result of

the test. 1000hr interval is only for the customer who get the confirmation from DI for the machine usage
profile.

4. Engine Oil Viscosity Table

Engine Oil Viscosily by emperature

fs]

Ambient 30°C «20°C
emperalure (-22°F) (- &*F)

0*C 4C £0
(+32°F) (104*F) {122°F)




G2 Diesel Engine Installation Guide - DM03

5. Inclined Performance

DMO3 engine uses a wet sump lubrication system oil pan. If the
engine is operated at an inclination angle exceeding the maximum
inclination angle, air is taken in from the lubricating oil suction pipe
and lubricating oil cannot circulate through the engine.

The maximum inclination angle for G2 engine with standard oil pan
is as follows:

Tilt35°

- Tilt Angle : Back, Forth, Left, Right : 35dgree (Continuous)

6. Remote Oil Filter Option Items.

G2 Engine supply remote oil filter option to customer. Remote oil
filter option provide maintenance convenience to uncomfortable
packaged machines.

But If you used remote option, User should follows below guides.

B Qil Hose Length : below than 1250mm
B Oil Hose Inner Diameter : 5/8 inch

<

Remote Ass’y on block side Remote Ass’y on Machine side

SN

Remote Hose
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Chapter 6. Air Intake System

1. System specification

1-1) Air Cleaner efficiency: 99.9% effective and removes 80% of ingested moisture.

1-2) Air Cleaner cleanliness : Follow ISO 5011, ISO 12103-1 (A2-fine test dust — 99.5% under 80um)

1-3) Air Cleaner selection : Air cleaner has to be selected considering air flow rate and pressure restriction.

, Airflow (m'/min) Reference
Engine model _ pressure
Min Max restriction (kPa)
DMO03 1.13 7.49 3kPa

1-4) Temperature difference between inducting air (compressor inlet) and ambient: Below 10 K

1-5) The maximum operating temperature of compressor out should not exceed 170°C, without addition
al CCV aoil filter.
The maximum operating temperature of compressor out should not exceed 200°C, with additional
CCV oil filter (External separator).

1-6) The turbocharger fouling should be validated through machine durability test if the compressor outl
et temperature is over 170°C, without additional CCV oil filter.

1-7) The average air flow rate between air filter and compressor inlet should not exceed 40m/s.

1-8) The minimum compressor inlet pressure should not exceed the limits below. The hose and the pipe should
be connected during measurement and air filter contamination should be taken into consideration.

Permissible
Item compressor inlet Test condition Check position Remarks
negative pressure
Max power o
TCl Engine 6.5 kPa condition of the T“"bo"ha"g‘?"l t With d'”é’.t‘?'eme”t
machine (compressor) inle condition

* Compressor inlet Pressure Measurement
- Pressure: Steady in Straight Area
- Position: Within 30mm from the compressor inlet port, if possible

Measuring
point

1-9) Air cleaner installation (Standard engine only)

. Air cleaner installation must follow below orientation and condition in order that g-force will not be exceed
in case of using Cummins air cleaner. Don’t need to measure g force in case of if use engine maker offered
engine cleaner layout for Type 1. Air cleaner engine mount bracket only offered to type 1, and other types
should be installed on machine side.

2> X-2G, Y&Z-5G
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. Basically, all air filters(cleaner) must be followed the installation conditions with the MAF sensor, and not
allowed air outlet pipe rotation even if it can be rotated. Due to change the MAF sensor's calibrated position,
the flow rate deviation is enlarged, and it affects engine performance and emission.

. The angle of the air filter which is an integrated condition with the MAF sensor as the following above is
allowed in terms of the MAF installation guide. (6-4 Mass Air Flow sensor Installation guide between the
air cleaner and turbocharger.)

. Dust unloading valve should be installed toward to gravity direction

. For reference, user can buy type2~4 in general market and use it for machine package. In this case,
engine maker offer hose for air cleaner and MAF sensor housing.

Type 1. Cummins — (Part no. : 400414-00824)

Allowed

Follow MAF installation angle

Allowed

Follow MAF installation angle
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Type 3. Donaldson - (Part no. : 400414-00787, Supplier Part No. : D090101)

Allowed

Follow MAF installation angle

Type 4. Donaldson - (Part no. : 400414-00788, Supplier Part No. : D090121)

Z
Allowed

Follow MAF installation angle

2. Additional Design Considerations

2-1) The intake port should be positioned in such a way as to avoid the entry of water, dust or exhau
st gas.

2-2) The system should be designed to avoid the entry of particles into intake line during maintenance/
replacement of air filter cartridge.

2-3) The integrity of piping and connections must be guaranteed during the machine lifetime. The mate
rial of the air pipe hose that connects the turbocharger and the intercooler must resist high tempe
rature and strength.

2-4) There must be no leakage between connections.
2-5) Elastic constant-pressure clamps are required for all rubber connections.

2-6) Weight should not be applied to the compressor inlet: a rubber connection must be used and pip
es must be properly fitted.

3. Closed Crankcase Ventilation (CCV) System connected to the Air Intake System

3-1) The crankcase ventilation pipe for the air duct must be placed before the compressor inlet. The piping
should be designed to allow the CCV system to thoroughly mix air and blow-by gas, while minimizing the
formation of oil drop. The blow-by exit port should be located as far as possible from the compressor inlet.

3-2) The blow-by gas exit port should ideally be perpendicular to the air direction, against the airflow, not
directed to the air duct surface, and if possible, it must be placed near the transition (turbulent/laminar)
stream. If the port is within 0.5 m of the compressor inlet, it must be perpendicular.

3-3) To avoid inflow of oil, the gas exit port should not be positioned higher than the air filter..
3-4) The recommended internal diameter of pipe going into the air duct is 8mm.
3-5) Dips in the blow-by gas pipe must be avoided where possible.

3-6) If a port for an air compressor intake is present, the blow-by port should not be located before it.
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3-7) The CCV system causes oil to flow into the after-cooler and air piping. The presence of oil residues between
the turbo compressor and the intake system, including CAC system, therefore, is a normal condition.

4. Mass air flow sensor between air cleaner and turbo charger

4-1) To satisfy the emission regulations, the engine needs to have a mass air flow (MAF) sensor to transmit
information relating to the air flow rate to the ECU for calculation and to control the fuel injection rate in real time.
4-2) The entire air intake system should be validated and evaluated for accurate calibration of performance
when developing the engine/machine with HDI. During calibration, HDI can request to modify the position of the
MAF sensor to meet the air flow distribution tolerance (+2%).

Operation
Item Storage temperature
Temperature Pressure(absolute)
MAF o _ _ 0
sensor -40 ~ 125°C 65 ~ 110 kPa -40 ~ 130°C

4-3) For customers who do not conduct MAF sensor calibration test with HDI, install the MAF Sensor and design
the intake layout according to the guide of the Check Sheet.

4-4) The machine manufacturer should meet the required MAF sensor orientation as shown below. For further
details, refer to the MAF sensor orientation drawing or contact HDI.
- B < +45°

o <+85°

A A,
B-B

—

C

* Warning: If the position of the MAF sensor changes from when it was first installed, the values of the air
flow table would change accordingly. Contact HDI if a change is made to the MAF sensor position.
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4-5) The standard flange offset is 50.1+10 mm. Insert depth must be reviewed with HDI, which will vary
according to the air intake system.

Qmin Qmax

[kg/h] [kg/h]
range in 40 mm ID tube 3.3 333
range in 45 mm ID tube 4.2 421
range in 50 mm ID tube 52 520
range in 55 mm ID tube 6.3 630
range in 60 mm ID tube 7.5 749
62 mm MT Plug-In 8.0 800
range in 65 mm ID tube 8.8 879
range in 70 mm ID tube 10.2 1020
range in 80 mm ID tube 13.3 1332
range in 90 mm ID tube 16.9 1686
range in 100 mm ID tube 20.8 2081
range in 110 mm ID tube 25.2 2518
range in 120 mm ID tube 30.0 2997

4-6) The maximum flow of air mass is determined based on the inner diameter of the MAF sensor housing. The
inner diameter of the MAF sensor housing must be designed with enough margin, in reference to the above
table.
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4-7) Air System Proposal Design
Favorable inlet designs
straight tube inlet radiused inlet bell mouth inlet
1-3D  marF MAF MAF
L | — ow
e r

* D: Diameter of MAF housing

Geometry suitable for MT MAF only
205mm
150mm 20mm 25mm

I | 15mm

Flow conditioner

* 1/O description

GND —, —5V
K871 N / [7s]

\ /

Installation of MAF sensor can affect both combustion and
emission. The initial air mass flow would be different from
the ECU dataset if the MAF sensor is not installed in
accordance with the installation guideline.

The upper edge of the inlet should be parallel to the MAF
tube center. For further details, refer to the figure on the left.
Moreover, the connection between the air cleaner outlet and
the MAF sensor must be kept straight, as far as possible, to
obtain an accurate value of air flow rate.

IAT+ - \\ /  ,—FREQ

'. / |
(5= 0 [

T

f / [KB6]
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* MAF sensor mating connector

1) Tyco 1-1670918-1
2) Hirschmann : 872-859-...KD
3) F.C.I:F881100

* Recommendations for the MAF sensor housing:
The housing must be tightly fastened to its adjacent parts.

5.

Cleanliness for Air inlet between filter element and intake stake

Component cleanliness of Intake system including air is critical to the turbocharger designed to function
through all of its lifetime.

Turbocharger suppliers don’t specify values for particle size or weight, but they ask following:

Any particulates and drops flowing into the compressor inlet side are not permitted which will damage
compressor wheel because the wheel assembly of turbocharger is rotated over 100,000rpm.

Intake system shall be clean and free of debris, residual abrasive material and corrosion products.

In addition, intake system components shall be maintained air tighten seal to prevent foreign matter
from entering.
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Chapter 7. Charge Air Cooling System

1. System specification

Intercooler System(Intercooler + air hose designed by machine side) design guide
e Permissible pressure drop: 0.1 bar (Measuring point : between closed to compressor out and closed to
engine intake stake)

e Permissible CAC outlet temperature(degrees C) : 1.5625*(Ambient temperature*) + 10.9375

*Ambient temperature : It means the ambient temperature surrounding the equipment in operation,
which is not affected by any heat source

Permissible CAC outlet temperture

130
%)
2 110
B,
e
2
© 90
[]
a
£
iC]
E 70
5
O . .
Q Permissible area
< 50
o

30

20 25 30 35 40 45 50 55 60 65 70
Ambient temperature [degC]

o Allowable ambient temperature range for testing : 25degC ~ Machine development target
temperature(degC)

o If the test conditions for measurement are not allowed, the test engineer should conduct a test
after review through further communication with HDI engineers.

- Install temperature / pressure sensors on A,B,C,D

Intake Stake Ambient

P Temperature
0

Location not affected
by heat source

Intercooler out
Temperature |
& Pressure 'C’

Intake (Manifold)

Blowby Gas & Blow out Oil

Intercooler [ Compressor inlet
Temperature
I l & Pressure ‘A’
| Turbo Turbo re— R Air |-
| Air
1
/ . ! Air Restriction

Temperature
& Pressure 'B

7 Charged
*EGR SYSTEM (74HP ONLY) | A -
Intercooler in

| Exhaust system I' 1
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DMO3_Industrial

Engine Engine Speed Power Air mass Heat rejection of
Suffix (rpm) (kW) (L/min) the intercooler(kW)
MPFOO/LEPOO 2600 100 7680 17
MPFO1/LEPO1 2600 86 7600 13
MPF02/LEP02 2600 78 7590 13
MPFO3/LEP03 2600 72 7570 13
MPF04/LEP04 2600 55 7530 5

DMO03_Generator

Model Engine Rom / Hz S%rr?dsg Air mass Heat rejection of
Suffix P y (Umin) | the intercooler(kW)
(KWm)
1500 / 50 55.4 3260 6
MFGO04
DMO3 1800/ 60 55.4 3710 7
(No-SCR) 1500 / 50 51.4 3430 6
LEG04
1800 / 60 55.4 4090 8
1500 / 50 78.1 5210 11
MFGO00
DMO03 1800 / 60 92.4 5670 14
(SCR) 1500 /50 78.1 4870 11
LEGO00
1800 / 60 92.4 6150 14

2. Additional design considerations

Integrity of piping and connections must be guaranteed for vehicle life, under working conditions,
without deformation.

Use of elastic constant - pressure clamps are required for all the rubber connections.

No weight is allowed on the compressor inlet: a rubber connection and a proper mounting of the
pipes must be used.

The weight upon both sides of the turbocharger should be minimized to ensure that the turbocharger
is not additionally stressed.

The pipe to the intercooler should have a diverging diffuser design close to the compressor outlet to
maximize inlet system performance. An included diffusion angle of 7° is a good guideline. No
diameter reduction is admitted on the pipe going between the compressor and the intercooler

Flexible connections to the turbocharger are necessary to prevent constrained motion between
engine and vehicle frame.

The Hose material of CAC system must be Oil resistance. FKM hose or Fluoro coating silicone hose
at inner liner which has Oil resistant property are recommended. Silicone only hose must not be
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used to avoid oil permeation or swelling.

- The Hose must be designed to operate under the machine operating temperature and pressure
conditions with minback/max ambient temperature.

- Temperature testing should be performed under worst case ambient and with maximum engine
rating that is used primarily customer and comply with the hose specification.
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Chapter 8. Cold starting requirement

1. Cold start requirement

- Minimum Cranking speed > Minimum 120rpm (at -20degC)
- ECU input voltage > 6V (at -20degC)

2. Cold start recommendations
- The voltage drop between the battery & ECU input Voltage less than 0.6V (at -20degC)

3. Block heater(400W @120V)

- Engine block heater heat the engine block that surrounds the combustion chambers. This heat
provides the following functions.

«  Start-ability is improved

*  Warm up time is reduced
- Port of block heater is shown as below

9 ‘3

L2,

- Consult your dealer or distributor for more information.
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Chapter 9. Altitude engine performance de-rating

1. Altitude engine performance de-rating
- The engine performance is guaranteed up to 2000m altitude, generally.
- HDI strongly recommends high altitude test. If not, the engine performance will be started reduction from

2000m altitude.

Torque limit by Altitude
=t Not Validation
- &= Validation

120%

100% = &

80%

60%

Engine Max. load[%]
N
o
X

20%

0%
0 1000 2000 3000 4000 5000 6000 7000
Altitude[m]
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Chapter 10. Guide for Machine Assembly line

1. Erasing all Faults of ECU

- To prevent recording Faults in assembly line, Key-On should be performed after Engine is perfectly
installed to Machine.
- Before Machine get out of factory, all faults of ECU should be erased by HDI Service Tool.

2. Engine Lifting

- Only load the lifting hooks under tension. Remember that the capacity of an lifting hook is less as the
angle between the supporting members and the object becomes less than 90 degrees.

- All supporting members should be parallel to each other the chains and cables should be perpendicular
to the top of the object that is being lifted.

- Lifting hooks are designed and installed for specific engine. If alterations are made, ensure that correct
lifting devices are provided. Consult your dealer or distributor for more information.

3. Engine serial and ECU serial matching

- ECU has information about engine. Therefore, it is necessary to match the ECU and engine.
4. Open Coolant valve between DEF Tank and Engine

- After Engine is installed to Machine at Machine assemble line, should be fill the coolant at UREA tank
heating line.

- ECU open the coolant valve 60 second every key on. Thus, starting the engine within 10sec after key on to
fill the coolant to UREA tank heating line.

- If coolant level is decrease, re-fill the coolant.

- If want to open the valve manually, HDI Service tool can send to UDS command for opening Coolant Valve
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Chapter 11. Minimum load requirement.

1. Minimum requirement load for DPF regeneration(DeSOx)

- The minimum DOC in temperature for robust DPF regeneration(DeSOx) should be higher than
260degC. In terms of DPF regeneration(DeSOx) quality(efficiency) side, the soot could not be fully
burned with lower exhaust gas flow in too low engine speed and load condition. It means that the high
engine speed and load condition is better than robust DPF regeneration(DeSOx) This is also why set
the engine speed as high as possible during manual regeneration(DeSOXx)

[ D34 Stage5 - DOC inlet temperature (Heat up)

TORQUE [Nm]

800 1000 1200 1400 1600 1800 2000 2200 2400 2600
SPEED [rpm]

2. Minimum load requirement at cold condition (especially Generator)

- The purpose is to provide low load and low temperature operating DeSOX, & regeneration guidance.

- Prolonged operation in defined zone (typically several hundred hours) may result in degradation over
time of the effectiveness of after-treatment system thermal management. Condensation of exhaust
hydrocarbons can lead to a buildup of particulate matter on the face of the DOC. Operation for more
than two hours at 30-40% load should reverse this buildup.

D18/D24/D34 Minimum required engine load at cold condition
100

90

80
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60

50

40

Engine load [%]

30
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Chapter 12. Emission Related Installation Instructions

1. Emission Related Installation Instructions

Failing to follow these instructions when installing a certified engine in a piece of nonroad equipment violates
federal law(40CFR 1068.105 (b)) subject to fines or other penalties as described in the Clean Air Act and EU
Regulation. Tampering with the engine voids the US and EU type-approval of that particular engine.

These instructions are intended to give the installer of the engine all of the information that is necessary to
properly install the engine and related components into the chassis. The United States Environmental
Protection Agency (EPA) requires that the manufacturer of the engine provide installation instructions to the
equipment manufacturers as defined in the Code of Federal Regulations (40CFR 1039.130).

The following instructions must be strictly adhered to when assembling a HDI engine and the product
requirements specified in the document followed.
Install the intake and exhaust systems and any other components in accordance with the specifications
provided in the document. HDI may request the machine manufacturer to modify the original exhaust piping
to satisfy the requirements described in 40 CFR 1039.205(u), if necessary.

Item Chapter

Equipment labeling requirement Chapter12-2
Electrical System Chapter2, Chapter6-4
Exhaust System (After-treatment system) Chapter4

Air Intake system Chapter6

Air Cooler system Chapter7

NCD & PCD Inducement Chapter4,4-7

Guide for Machine assembly line Chapter10

Emission Control Information Label Chapter12-3

* NOTE: Do not install a constant-speed operation engine for variable-speed applications. (i.e. Do not use a
product with a “constant speed only” EPA emission control label for variable-speed applications

2. “ULTRA LOW SULFUR DIESEL ONLY” Label.

- Attach “ULTRA LOW SULFUR DIESEL ONLY” label in accordance with EPA emission control
regulation (40 CFR 1039.104(e)). A fuel inlet label must be attached to the machine near its fuel inlet.
Create a separate label with the statement: “ULTRA LOW SULFUR DIESEL ONLY”. Permanently
attach the label near the fuel inlet & engine name plate of machine

ULTRA LOW SULFUR
DIESEL FUEL OMLY
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3. Emission Control Information Label

- Where information relating to emission control is not visible during normal engine maintenance after
installation, add a duplicate label on the equipment, as described in 40 CFR 1068.105.

= NO. : e4*97/68PA"
J_’: . NO. : 4th//D24NAP

[EPA & CARB Tier4 Final Label]

[EU Stage5 Label]

- To create a duplicate label, a written request, including the company’s letterhead, must be sent
to HDI with the following information:

i. Machine type and engine and machine models that need label duplication
ii. Family (according to the original engine label).

ii. Reason for duplicating the label (per model)
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iv. Number of duplicate labels needed

- Upon receipt, attach the label to the equipment and make sure that it stays attached during
normal operation and not normally requiring replacement. An average person should be able to
easily read the descriptions on the label. Destroy any unused duplicate labels. Keep the following
records for at least eight years after the end of the model year, shown on the engine label:

i. A copy of your written request.
ii. Drawings or descriptions for applying the duplicate labels to the equipment.

iii. A count of duplicate labels used and destroyed.

- For further details on the Electronic Code of Federal Regulation, refer to the website below:

http://www.ecfr.gov/cgi-bin/text-
idx?SID=9b8ddd011a04ff79dc10087b715d61cd&mc=true&tpl=/ecfrbrowse/Title40/40tab 02.tpl

4. Equipment-based Constraints (only for Stage-V engine)

The installation of the engine shall not permanently constrain the engine to exclusively operate within a
power range corresponding to a (sub-)category with gaseous and particulate pollutant emission limits more
stringent than the (sub-) category the engine belongs to.

Equipment manufacturers are prohibited from constraining the engine to operate permanently at speed and
load points outside of the NTE (Not-to-Exceed) control area for the engine's broadest certified torque curve.
Otherwise, the constraints are considered to be tampering according to the EU Regulation.

The definition of the NTE (Not-to-Exceed) control area is illustrated by the fundamental graph and
explanations below.

Speed A
e Control Area

Torque (% of maximum)

L 30 % Torque

k. w30 % Power

4 W0 il 30 40 5% i) 78 B i W e

Speed (%)

The Not-to-Exceed control Area can be defined as follows:

Upper torque limit: full load torque curve;


http://www.ecfr.gov/cgi-bin/text-idx?SID=9b8ddd011a04ff79dc10087b715d61cd&mc=true&tpl=/ecfrbrowse/Title40/40tab_02.tpl
http://www.ecfr.gov/cgi-bin/text-idx?SID=9b8ddd011a04ff79dc10087b715d61cd&mc=true&tpl=/ecfrbrowse/Title40/40tab_02.tpl
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Speed range: Speed A to nn;
Where
Speed A = nip + 0,15 x (Nhi — Nnio);
nni: high speed (the highest engine speed where 70 % of the maximum power occurs)

Nio: low speed (the lowest engine speed where 50 % of the maximum power occurs)

The following engine operating conditions shall be excluded from testing:
points below 30% of the maximum torque

points below 30% of the maximum net power

If the measured engine speed A is within £ 3 % of the engine speed declared by the manufacturer, the
declared engine speeds shall be used. If the tolerance is exceeded for any of the test speeds, the measured
engine speeds shall be used.

Intermediate test points within the control area shall be determined as follows:

%torque = % of the maximum torque

n—n;
%speed = (= Mae) 0
(M100% — Midie)

Where: nqqq9, is the 100% speed for the corresponding test cycle.

5. Delivering an engine separately from its exhaust after-treatment system

In the event where the engine is delivered separately from the exhaust after-treatment system, you
shall confirm to HDI that the engine has been brought into conformity with the approved engine type
or engine family according to the instructions received and that all checks necessary to ensure the

proper functioning of the assembled engine according to the approved engine type have been
conducted.

Where you receive a regular supply of engines from HDI, the confirmation set out in above must be
provided to HDI at regular intervals agreed between the parties, but not exceeding one year.

6. Carbon Dioxide (CO.) Emission (only for Stage-V engine)

The CO2 measurement results from testing at a fixed test cycle under laboratory conditions does not
constitute in any way that a(n) (parent) engine representative of the engine type (engine family) and shall
not imply or express any guarantee of the performance of a particular engine. For further details on the test
results, refer to HDI's Engine Manual.

7. Warning Indication

Machine manufacturers must install an alarm and inducement system (lamp, text display, beep, etc.) to notify
the end users of warning.
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Chapter 13. Cleanliness for engine circuits

1. Lubrication system
These parts should meet parts cleanliness spec for avoiding engine failure by foreign damage.
- Oil Hose
* mass: 4mg /1000 cm”2
*  Size : max 400pm

- Oilfilter adapter housing
* mass: 1.5mg
*  Size : max 400pm

2. Cooling system
No specified requirement for cooler and coolant plumbing Coolant must satisfy industrial standards

3. Air inlet, between filter element and engine

- Component cleanliness of Intake system including air is critical to the turbocharger designed to function
through all of its lifetime.
- Turbocharger suppliers don’t specify values for particle size or weight, but they ask following :

(i) Any particulates and drops flowing into the compressor inlet side are not permitted which will
damage compressor wheel because the wheel assy of turbocharger is rotated over
100,000rpm.

(i) Intake system shall be clean and free of debris, residual abrasive material and corrosion
products.

(i) In addition, intake system components shall be maintained air tighten seal to prevent foreign
matter from entering.
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4. After-treatment system
- Inlet line for Supply Module (Including DEF Tank and DEF plumbing)

Screen at Inlet Connector:

The screen at inlet connector is only a last chance for screening particles at the first run after installation.

AUS 32 screen at inlet connector

103 pm mesh width

Permitted particles at screen at inlet connector over lifetime:

Particle Cl

Particle Size [um)]

=50 - <100

2100 - <200

2200 - <500

Number of Particles

n,

n*

Ny

Permitted threshold of screen load = 11mm® ** ( = 17% of available free screen area)

A:2:=d"*3.14/4"n, .5 ... screen load per particle class [mm?]

d ... upper diameter of particle class [mm]

n ... number of present particles per class

(Example for particle class “=50 - <100pm™: A,[mm?] = 0.1*0.1*3.14/4"n,)

Total sum of screen load for all particle classes A+A+A; < 11mm’ ™

*) A cleanliness check from customer for his components is necessary
**) These limits are valid for particles except fibres and fluffs

The customer must assure that the screen at the supply module inlet connector is not blocked due to fibres or
fluffs.

- Inlet line for Dosing Module (Including DEF Tank and DEF plumbing)

Particle classes

Particle Size [um]

25-50

50 - 100

100 - 200

200 - 600

Screen load over lifetime

Number of allowed
particles over lifetime

500

180

30

=3.5mg

The sieve at the dosing module valve is implemented to block residual dirt. Exceeding the allowed particle
limits can lead to malfunction or even cause a damage of the component.

The customer must assure that the sieve at the dosing module valve is not blocked due to fibres or fluffs.

Exhaust, between TC and Catalyst

+  Catalyst and canning supplier’s requirement is ‘Foreign material is not allowed to
protect catalyst’

*  No specified value for particle size or weight.
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Chapter 14. Power take off system

The Power take-off (PTO) system provides transmitting engine power to customer’s machine by various
method.

Power Take-Off Mounting Position Drive method
Main PTO Flywheel Direct mounting drive, Belt drive
Front PTO Crankshaft Pulley Direct mounting drive, Belt drive
Side PTO PTO Adaptor Spline

Front PTO

< picture 14-1: PTO Mounting position >

Side PTO (1%)

< picture 14-2: Rotating direction >

1. Main PTO and Front PTO

1-1) Direct mounting drive

This driving system is for the machine by directly mounted machine such as a hydraulic pump,
transmission or etc by using a coupling to flywheel or crankshaft pulley. When using this system, the
installation must meet the below requirements.
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1-2) Permissible external thrust load: 2,995N

A directly mounted device at the engine makes external thrust load and that loading at the engine. If
the external thrust load is too big, it will damage the engine. Therefore, to protect the engine, the
external thrust load is restricted as follows table.

1-3) Permissible PTO torque

Under conditions that exceed the allowable conditions described below, engine damage or abnormal
vibration may occur.

PTO Permissible Restrict condition

Main PTO (DMO01) 100% torque is available. | Flywheel and directly mounted inertia
- Min. 0.3 kgm’
- Max. 0.6 kgm’

- Available in all rpm range
Main PTO (DMO02) 100% torque is available. | Flywheel and directly mounted inertia

- Min. 0.3 kgm*

- Max. 0.7 kgm’

- Available in all rpm range
Front PTO 100% torque is available CRS Pulley and directly mounted inertia
(DMO1 & DMO02) - Max. 0.015 kgm’

Available up to 2,300 rpm
- Only use front PTO at fixed rpm mode

PTO Permissible torque Restrict condition
Main PTO 100% Torque Available Flywheel Assy + Direct mounted inertia
(DM03&PMO03) - Min 0.4kgm”2

- Max 1.0kgm”"2
- Available in all RPM range
Front PTO 100% Torque Available CRS Pulley + Direct mounted inertia
(DM03&PMO03) : Continuously available - Max 0.02kgm”2
Max 135HP engine Power | Available Engine RPM
- MAX 2300RPM
: Only use Front PTO at engine RPM
Fixed mode

e If using in other conditions, contact HD hyundai Infracore.

1-4) Belt drive

Belt Load (Tension) may damage the engine when power is drawn by using Belt, so it is available within
the range of use that satisfies the following limitations.

B BLF: Belt Load at Front side (Pully mount)
B BLR: Belt Load at Rear side (Flywheel mount)

B | Overhang length between the end face of the cylinder block and the center of pulley belt

groove
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< picture 11-3: Belt load at engine >

< fig : Available Belt Load>

) Available Belt Load vs Over hang length(D34)
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< picture 11-4: Available belt load >
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2. Side PTO (Hydraulic pump drive)

2-1)  Specification
Flange type SAE 82 A, 2-bolts flange (SAE J744)
Spline standard DIN 5482 ANSI B92.1 ANSI B92.1 ANSI B92.1
Teeth ot ot 10t 11t
Dimension 17 x 14 16"/ 32" 16"/ 32" 16"/ 32"
Pressure angle 30° 30° 30° 30°
1.024 1.024 1.024 1.135

PTO gear ratio (1st)

(CRS 42t/ 1st PTO 41¢)

(CRS 42t/ 1st PTO 41¢)

(CRS 42t/ 1st PTO 411)

(CRS 42t/ 1st PTO 37t)

Continuous torque

PTO gear ratio (2nd)

(CRS 42t/ 2nd PTO 34t)

(CRS 42t/ 2nd PTO 34t)

(CRS 42t/ 2nd PTO 34t)

(1st) 110 Nm 85 Nm 110 Nm 127.5 Nm
Peak torque** (1st) 130 Nm 100 Nm 130 Nm 150Nm
Max speed (1st) 2,660 rpm 2,660 rpm 2,660 rpm 2,950 rpm
1.235 1.235 1.235

Continuous torque

(2nd) 90 Nm 85 Nm 90 Nm -
Peak torque**
105 Nm 100 Nm 105 Nm -
(2nd)
Max speed (2nd) 3,210 rpm 3,210 rpm 3,210 rpm -

* The ANSI 11t is only for the tractor application.

** Operating time at peak torque: Maximum 8 seconds, while not exceeding 5% of the total life cycle.

2-2)

Calculate the load of the hydraulic pump

Calculated power P: Ap x Q/ n % 600 (kW)
Calculate driving torque T: P x 9549/ n (Nm)
Total efficiency n: 0.8~0.85

Pressure Ap (bar), Flow Q (L/min), Pump speed n (rpm)

2-3)

Total PTO drive torque

Continuous torque : Max 170N.m

Peak torque™* : 200N.m

** Operating time at peak torque: Maximum 8 seconds, while not exceeding 5% of the total life cycle.
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Chapter 15. Engine protection strategy

Engine control strategy is designed to hold engine speed below 900 RPM after starting until the turboch
arger oil pressure is over the threshold(180kPa).
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Chapter 16. Engine Mounting system

5. General

When the engine mount is designed, there are a few basic considerations.

A properly designed flexible mounting system is preferred to other mounting system configurations.

For optimal design of the flexible mounting, the natural frequency of the mounting system including
the engine mass should be designed to be less than 40% of the engine’s lowest exciting frequency.

The vibrations between engine and equipment must be isolated to protect the systems.

The engine movement from shock, inertia or force should be limited by the engine mounting system
to prevent the contact between the engine and chassis components of the equipment.

The first and second order vibrations must be adequately dampened by the engine mounting system,
and the resonances within the normal operating speed range must not be induced.

6. The Nature of Engine Vibration

The movement of the isolated engine has six degree-of-freedom as three translational motions and
three rotational motions.

Vibration forces is a type of vibration in which a force is repeatedly applied to a system. In case of
the engine system, it is result from the reaction force by reaction between the engine and mounting
system.

In case of the in-line four-cylinder engine, vertical second order shaking force is excited in the vertical
direction, and it will cause the vertical motion of the engine.

[Modes of vibratory motion]

YAWING

ROLL AXIS

-.z ; g ;

o
: ﬁ"%«‘ CENTER OF GRAVITY

ROLLING PITCHING

YAW AXIS
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3. Maximum bending moment

Ideally, engine mounting system should be arranged symmetrically about the combined gravity
center of the engine and bolted-in equipment. This reduces the excitation of other modes of vibration
when the system is vibrating in one specific direction.

The bending moment can be calculated by the reaction force at engine supports and the support
positions as below formulas.

The following formula can be used to calculate the bending moment according to the reaction force
of each engine support and the support position.

Front reaction force:
R; =(M1e+Wt_R2_R3)

Rear reaction force:
_ (We XLy +W, XL, —R3 XLs)

R,

L3
Transmission(T/M) reaction force:
]/VeXL1+WtXL4_M
— 6
R = L — Lg X Lq
5 L6

Static bending moment:
R, XLg+ Ry X Lg—W, XL, =R, XL, —W, % (L, — L)
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[Power train schematic to calculate the bending moment and reaction force]

- L,: Front support to Engine (C.0.G)
- Ly: Front support to Block End Face
- L3: Front support to FWH support

- L, : Front support to T/M (C.0.G)

- L : Front support to T/M end face

- Lg : Block End face to FWH support
- L; : Block End face to T/M (C.0.G)

- Lg : Block End face to T/M End Face
-We : Engine Mass(kg)

-Wt :T/M Mass(kg)

In order to reduce the torsional stiffness of the engine mounts, it is also desirable to locate the
engine mounts laterally as closely as practicable to the center of the engine as below the figure. This
will give the best isolation for a given set of mounts.
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4. Basic Theory of Flexible Mounting Systems

- When a vibration is excited to a mass-spring system, the system will also be caused to vibrate itself.
The nature of this resultant vibration will be a function of:

- The point of application of the input force.
- The frequency and magnitude or amplitude of the input force.
- The natural frequency of the mass-spring system.

- The damping properties of the system.

[Vibration system]

MASS

DAMPING SPRING

- Transmissibility of vibration is defined as the vibration transmittance. The transmissibility (T) is
determined by the engine's kinematic frequency (f)and the mount's natural frequency(n).

B F;: Forced excitation force of equipment

B [: Forced transferred to the base
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[Vibration transmissibility]

—

Transmissibility

0.125

0.0625

Frequency ratio (%)

- The engine mount with high natural frequency and over 1.4 frequency ratio should be selected to
effectively reduce the vibration.

- DI recommend that mounting types designed and provided by the customer. The well-known
mounting manufacturers can advise you in this matter.
5. Engine Mount Bracket Option

DI supply engine mount bracket for option part like below, this mount bracket consists of
engine mount bracket and radiator bracket for All in one.

<Example: Engine Mount Bracket supplied by DI>
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6. Engine Mount Position Recommendation

Mount Bracket which, supplied as option according to customer’s choice by DI provides 2 mount position
options.

Customer can use any position for engine mount, but DI preferably recommend using position 2

(Please refer to below picture)

S —— Mount Bracket
r — — p—
4 ] Lo
Mount P
Position 0 0
Option r e
[l [l —
e ™ A T —
. AN, S M'Dunt BraCket
.2 0o




