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Reference to compliance

Reference information
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WinGD

Preface

WinGD provides a range of manuals and tools to help its customers at all stages
of a project. From engine design to installation and maintenance, WinGD pro-
vides extensive help and support.

This manual is the initial guide to the installation process for this specific engine,
providing an overview of different topics which need to be considered in the pro-
ject and the engine installation phase. In parallel with this manual the drawing
sets and software tools provide detailed values and ranges to help finalise the
installation process. Each engine also has its own range of operation and main-
tenance manuals to support the complete life cycle of the engine, following the
design and installation phases.

Marine Installation Manual Introduction

The Marine Installation Manual (MIM) contains all information that is neces-
sary in the engine design and installation phases. The MIM provides an essential
overview for project and design personnel. Each chapter contains detailed infor-
mation for design engineers and naval architects, enabling them to optimise
plant components and machinery space, and to carry out installation design
work.

The MIM must not be considered as a specification. The build specification is
subject to the laws of the country of registration and the rules of the classification
society selected by the owners. Guidelines for the installation and operation from
the maker’s side must also be observed. The same applies to the engine require-
ments and any third-party maker’s requirements, they must be fulfilled. System
components are not the responsibility of WinGD.

WinGD has prepared the data and information in this document carefully and to
the best of knowledge. However, the data and information herein is subject to re-
vision without notice. WinGD does not assume any liability with regard to un-
foreseen variations in accuracy thereof or for any consequences arising
therefrom.

All data related to the engines comply with the regulations of:
* revised MARPOL Annex VI
* NO, Technical code 2008.

Specific values and design recommendations are given in the Marine Installation
Drawing Set (MIDS), the engine performance data are provided by the General
Technical Data (GTD). This chapter explains both tools.

As a part of the MIDS, a Concept Guidance (“DG 9728 Methanol Fuel Supply
System”) for methanol-fuelled engines is available on WinGD web page: Concept
Guidance for X-DF-M.


http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
http://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9728-concept-guidance-for-x-df-m.pdf/
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Cross references

Notes

‘Web links

Docu
WinGD
Docu
WinGD

GTD

A

Explanation of symbols in the Marine Installation Manual

Cross references are written in blue. They lead to another section, table or figure
in the MIM and can be activated by a mouse click. Cross references comprise the
number of the respective figure or table, the number and title of the respective
section, followed by the page symbol introducing the page number.

Example: Table 4-5, E 4-27

Notes provide additional information which is considered important and/or
draw the reader’s attention to it.

Example:

The illustration does not necessarily represent the actual configuration
NOTE :
or the stage of development of the engine concerned.

Web links are written in blue italics. They are used with the following symbols
and refer to:

* drawings of the Marine Installation Drawing Set (MIDS) available on
WinGD web page.
Example: MIDS

* documents like shipyard installation instructions and system concept
guidance provided on WinGD web page.
Example: Fuel oil treatment

* General Technical Data (GTD) application available on WinGD web page.
Example: GTD


http://www.wingd.com/en/documents/x62df-m-1-0/engine-installation/drawings/mids/mids-complete-package
http://www.wingd.com/en/documents/x62df-m-1-0/engine-installation/drawings/mids/mids-complete-package
https://www.wingd.com/en/documents/concept-guidances/dg9723-concept-guidance-fuel-oil-treatment/
https://www.wingd.com/en/media/general-technical-data
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Engine Design Groups

Links to complete
drawing packages

Marine Installation Drawing Set

The Marine Installation Drawing Set (MIDS) is part of the documentation pro-
vided for licensees, shipyards and operators. The MIDS must be referred to in
parallel with the MIM during the engine installation and operation.

The MIDS documentation includes drawings and guidelines that provide:
* engine-ship interface specifications

» general installation / system proposals.

The MIDS covers Design Groups (DG) 97xx:

9707 Engine Alignment Record Sheets
9709 Engine Alignment

9710 Engine Seating / Foundation
9710-01 Tool Engine Alignment

9715 Engine Stays

9721 Cooling Water Systems

9722 Lubricating Oil Systems

9723 Fuel Oil System

9724 Leakage Collection / Washing System
9725 Air Supply System

9726 Exhaust System

9728 Methanol Fuel Supply System
9730 Various Installation Items !

The latest versions of the drawing packages which are relevant for this MIM are
available on WinGD web pages:

*  Marine Installation Drawings:
MIDS: complete package

» Shipyard Installation Instructions and System Concept Guidance:
Concept Guidance and Instructions: complete package

1) A key for MIDS Piping Symbols is included in the MIDS “DG 9730 Various Installa-
tion Items” for reference.


https://www.wingd.com/en/documents/concept-guidances/dg9730-various-installation-items.pdf/#page=3
http://www.wingd.com/en/documents/x62df-m-1-0/engine-installation/drawings/mids/mids-complete-package
https://www.wingd.com/en/documents/concept-guidances/complete-package/
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GTD output

GTD

General Technical Data

The General Technical Date (GTD) is an application used to calculate the engine
performance data, such as temperatures, flow rates and consumption figures
based on the selected engine rating and tuning options. The output generated by
the GTD is used to design the marine propulsion plant. The GTD can be used for
all engines within WinGD portfolio.

In addition to the output of characteristic parameters in the whole rating field of
the engine, the GTD also delivers data on capacities of coolers, pumps, starting
air bottles and air compressors. It provides additional information on the engine
radiation, power requirement for ancillary systems, and output data for esti-
mating ancillary equipment size. The GTD can generate data like available com-
ponents and options for specification and engine rating. In addition to the
standard output for ISO reference and design conditions, further operating con-
ditions for which information is required can be defined.

The GTD is accessible on WinGD Customer Portal or on WinGD web page
using the following link: G7D.

For this engine the GTD application is under development. The project-specific
values can be provided by WinGD upon request.

Operation and Maintenance Manuals

After the successful completion of the engine design and installation phases,
additional documents are available to support the complete lifecycle of each
engine. This additional documentation is available on WinGD Customer Portal
and this includes the following documents:

* Instruction Manual
» Spare Parts Catalogue.


https://www.wingd.com/en/media/general-technical-data
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Engine dimensions
and masses

1.1

Methanol mode

Diesel mode

Engine Summary

The engine is a camshaftless, low-speed, reversible and rigidly direct-coupled
two-stroke engine featuring a common-rail injection system.

Table 1-1  Engine summary values for Maximum Continuous Rating

Bore 620 mm

Stroke 2,658 mm
Number of cylinders 5t08

Power (MCR) 2,900 kW/cylinder
Speed (MCR) 103 rpm

Mean effective pressure 21.0 bar
Stroke/bore ratio 4.29

The details about sizing, specific dimensions and masses are provided in section
3.1 Engine dimensions and masses, B 3-1.

This chapter introduces the engine. It focuses on all aspects of the engine that can
be different from other engines. This chapter also highlights the suitability of the
engine.

Engine capability and features

This engine type is designed to run on different liquid fuels, such as methanol, as
well as a wide range of marine fuels, such as Marine Gas Oil (MGO) and Heavy
Fuel Oil (HFO) of varying qualities. The operating mode can be changed while
the engine is running without any loss of power.

In methanol mode the main fuel is liquid methanol. The methanol fuel is injected
into the engine at high pressure. The normal diesel injectors provide pilot fuel to
ignite the methanol fuel. The pilot flame penetrates the methanol plume to ignite
it from the inside. The amount of injected pilot fuel is approximately 5% of the
total energy consumption of the engine at 100% Contracted Maximum Contin-
uous Rating (CMCR) engine power. Project-specific values are available in the
GTD. Methanol fuel injection is hydraulically actuated and electronically con-
trolled. The pilot fuel can be Marine Diesel Oil (MDO), MGO as well as HFO
with maximum sulphur content of 0.5% m/m.

The main fuel injectors inject the main fuel (HFO, MDO or MGO) in diesel
mode. To prevent clogging of the nozzles, the pilot fuel micro-injectors remain in
operation at a reduced injection rate. Project-specific values are available in the
GTD. The X-DF engine operates in diesel mode with either residual marine fuel
(HFO) or with marine distillate fuel (MDO or MGO) which must be in accord-
ance with the ISO 8217:2017 specification. The HFO can have a maximum vis-
cosity of 700 cSt. The MDO comprises either DMB or DFB, while the MGO
comprises either DMA, DFA, DMZ or DFZ, according to the category defin-
itions in the ISO 8217:2017 specification.

This engine meets the IMO Tier Ill NOx levels in methanol mode and

NOTE diesel mode through an exhaust gas after-treatment.
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Control system The WinGD Engine Control System (ECS) manages the key engine functions
such as gas admission, exhaust valve drives, engine starting and cylinder lubrica-

tion. The ECS also ensures control of the fuel injection.

Compliance with The engine must comply with the following international codes:

international codes

» “International Code for the Construction and Equipment of Ships Carrying

Liquefied Gases in Bulk (IGC Code)”

* “International Code of Safety for Ship Using Gases or Other Low-flash-

point Fuels (IGF Code)”.

For specific projects, additional classification society rules must be considered.

Special engine features

WinGD constantly advances its engine portfolio and develops new technologies

(see Table 1-2, B 1-2).

Table 1-2  Principal engine features and technologies

Engine features and technologies MIM chapter
or section

The engine can be operated in different fuel operating modes. Methanol, as well as different types of diesel 14

fuels, can be used as main fuel. '

A common-rail exhaust valve actuation system is applied and a common-rail fuel injection system for diesel 14

mode is applied. This unique technology allows optimised combustion, resulting in optimised consumption. '

In methanol mode, low-load engine operation is possible. 1.4.1

Efficiently cooled piston crown is made possible by jet-shaker cooling. 432

A high-efficiency cylinder lubrication with optimised cylinder Lubricating Oil (LO) consumption is available 436

and made possible by the Pulse Lubricating System (PLS). o

The whole engine can be controlled and operated electronically, that is made possible by the Flex system 5

(see The Flex system, B 1-10).

Standard data collection and monitoring system is known as the WinGD Integrated Digital Expert (WiDE). 5.7

An engine integrated second order longitudinal vibration compensator is available. This is known as the In- 6.12

tegrated ELectrical BAlancer (iELBA). o

If contracted and if there is a twin-engine installation, the Synchro-Phasing Systema) (SPS) is available. 6.8.2

Tier Ill compliance in diesel and methanol modes is possible with an exhaust gas aftertreatment (e.g. SCR). 7.15

a) Itis an available option in addition to the chosen engine configuration, and not included in the standard configuration. It needs to be contracted.
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1.2 Primary engine data

The engine rating field for this specific engine is displayed in Figure 1-1, 5 1-3 to-
gether with the WinGD diesel engines. For the detailed engine data, see Table
1-3, B14
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1.21 Engine rating field: rating points

The specific values for the four corners of the rating field are called rating points
(see Table 1-3, 5 1-4). The values provided in the below table are not binding and
can be updated without notice. For the prevailing data, please refer to the GTD.

Table 1-3  Rating points

Bore x stroke: 620 x 2,658 [mm]

No. of R1 R2 R3 R4
cylinders Power [kW]

5 14,500 10,650 10,800 7,950

6 17,400 12,780 12,960 9,540

20,300 14,910 15,120 11,130

8 23,200 17,040 17,280 12,720
Speed [rpm]

Al 103 103 77 77
Mean Effective Pressure (MEP) [bar]

Al 21.0 15.5 21.0 15.4
Lubricating oil consumption (for fully run-in engines under normal operating conditions)
System oil Approximately 6 kg/cylinder per day
Cylinder oil Guide feed rate of 0.6 g/kWh

\'[o) | 588 Engine performance data can be provided upon request.
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1.3

Compliance with
IMO Tier II and III

Trade-off between
BSFC and NO,

Engine tunings

Engine tuning

The Flex system (see section 1.4.2 Operation in diesel mode, B 1-10) enables se-
lection of injection and exhaust valve control parameters, such as Variable Injec-
tion Timing (VIT) and Variable Exhaust valve Closing (VEC). This provides the
possibility to optimise the Brake Specific Fuel Consumption (BSFC) and the
steam production capability at individual engine power ranges. The engine is
tuned in diesel mode and methanol mode. Additionally, the requirements of dif-
ferent emissions abatement technologies can be fulfilled.

This engine comply with the International Maritime Organization (IMO) Tier II
regulations for NO, emissions. For Tier III emission compliance, an exhaust gas
treatment is required (see section 7.1.5 Selective catalytic reduction for NOx emis-
sions control, B 7-6).

The parameters controlling the fuel injection and exhaust valve timing are mod-
ified with the engine tuning process. This ensures full tuning potential by suitably
balancing the design-related limitations, BSFC and NO,.

There is a trade-off between BSFC and NO, emissions, where low BSFC results
in high NO, emissions and vice versa. To ensure that IMO regulations are met,
any associated increase in NO, emissions at specific power ranges must be com-
pensated with a reduction in other power ranges.

Shaft power meter option

For WinGD X-DF-M engines, the ECS does not require the installation of a
power meter in the shaft line. However, an optional shaft power meter can be in-
stalled to monitor the engine performance. If installed, the position of the shaft
power meter is usually as close as possible to the main engine’s flywheel. In the
case of a PTO/PTI/PTH installation on the driving end side, this means that the
shaft power meter is usually installed between the PTO/PTI/PTH and the main
engine flywheel (see Figure 4-30, B 4-70). Alternatively, the total engine power
can be calculated by adding the mechanical power of the PTO/PTI to the meas-
ured shaft power.

In the case of a PTO installation on the free end side, the mechanical power of
the PTO must be calculated and added to the measured mechanical engine
power to determine the total mechanical power output of the engine.

The engine tuning includes the methanol and diesel operation.

Exhaust gas waste gate

For this engine, it is required an exhaust gas waste gate on the exhaust gas re-
ceiver before the turbocharger turbine (see Figure 1-2, E 1-6). The exhaust gas
passing through this valve bypasses the turbocharger, flowing to the main ex-
haust uptake.
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1.3.1
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Figure 1-2 Functional principle of an exhaust gas waste gate

SM-0318

Steam production

Increasing the exhaust gas temperature to produce more steam through the econ-
omiser is an efficient way of powering on-board steam services and using waste
heat from the main engine exhaust gas.

Options

Different options can be selected together with the basic tuning. Depending on
the selected basic tuning, only specific options and combinations of options can
be available.

High-Pressure Selective Catalytic Reduction

For installations with the High-Pressure Selective Catalytic Reduction (HP SCR)
tuning option, see section 7.1.5 Selective catalytic reduction for NOx emissions
control, B 7-6.

Low-Pressure Selective Catalytic Reduction

For installations with the Low-Pressure Selective Catalytic Reduction (LP SCR)
tuning option, see section 7.1.5 Selective catalytic reduction for NOx emissions
control, B 7-6.

Steam Production Control

The Steam Production Control (SPC) is available in methanol mode and diesel
mode. It can increase the steam production power. This results in an increase of
the BSFC. However, the additional fuel consumption of the main engine is sig-
nificantly less than the fuel consumption of an alternatively operated oil-fired
boiler. The SPC constantly reacts to the steam demand according to the real time
steam pressure values up to the maximum possible value.

The SPC system consists of an analogue controlled valve that enables the
opening and closing of the exhaust gas waste gate (see section Exhaust gas waste
gate, B 1-5), regulating the bypass of the turbocharger from the main engine. By
increasing the bypass rate, the mass flow rate of the turbocharger is reduced. This
increases the exhaust gas heat, which is used to produce steam as required.

The SPC option is available for this engine, as it is already equipped with an ex-
haust waste gate (see section Exhaust gas waste gate, 5 1-5). Without the SPC,
this waste gate valve is either open or closed according to a set engine power per-
centage. The SPC constantly reacts, restricting the bypass flow to an optimum
level. This is achieved by adjusting the valve according to real time steam pres-
sure values, enabling the SPC system to maintain a set steam requirement.
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Connection to
external systems

GTD

The SPC is connected to and receives inputs from external systems, such as the
exhaust gas economiser and auxiliary boiler control systems. The additional sys-
tems work together with the engine to manage the valve. The system automation
and optimisation ensures steam requirement without over production, as defined
by the user. This is true regardless of the engine power (see Figure 1-3, 5 1-7),
where a minimum steam production requirement is set and maintained across
the engine power range. With the availability of increased steam, the SPC is
more efficient than switching on an auxiliary boiler, with overall fuel and cost
savings.
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Figure 1-3 Comparison of steam production power with SPC active and inactive

As well as a fully integrated steam production control system, user operated
waste gate control is also available. Such an arrangement remains restricted
within defined engine limitations, however, it does not ensure optimised effi-
ciency.

Performance data referring to the use of the SPC in conjunction with WinGD en-
gines is available in the GTD.

Scrubber

For scrubber installation, see section 7.1.6 Scrubber for SOx emissions control,
3 7-11.
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1.4

Fuel operating modes

The engine is designed for continuous service on methanol fuel as well as fuel oil.
Depending on the selected option, different operating modes are available within
specific engine power ranges (see Figure 1-4, B 1-8). The fuel split ranges are
shown in Table 1-4, 5 1-8.

The following list includes the operating modes of the X-DF-M-1.0 engine:

* methanol mode
¢ diesel mode.

Changeover between the operating modes:

* transfer (automatically active for changeover to, or between, modes with
methanol op