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updates to the contents of this document.
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1 Engine Summary VCR operating mode option added

1.1 Engine capability and features Table 1-4 added

1.3 Fuel operating modes Section updated, the VCR technology added
4.3 The VCR technology New section added

Revision: | 07 Date of issue: | 2023-03

Location of change

Subject

1.2.1 Engine rating field - rating points

Performance data removed from Table 1-4 (provided by GTD)

3 Engine Installation

Whole chapter restructured

3.1.1 Drawings and 3D CAD model availability

New design groups added from the 3D engine outline and yard connection concept

3.10 Twin-engine propulsion

New section added

4.2.3 The iCER drainage system

iCER drainage figures simplified with the removal of standby pumps

4.4 Lubricating oil systems

Section updated
Removal of iCAT as an option

4.4.7 Drain tank
Inclination angles

Tables 4-5, 4-6, 4-7 updated

4.13.5 PTO application

New section added

5.8 The intelligent combustion control

New section added

6.1.2 Countermeasures for second order vertical mass mo-
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6.2.2 Reduction of lateral vibration
Electrically-driven compensator(s)

Section updated

9.2 List of acronyms
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1 Engine Summary
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Exhaust gas back pressure specifications updated
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New section added
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4.1 Twin-engine installation Table 4-1 updated
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Revision: | 03 Date of issue: | 2022-02

Location of change Subject

1 Engine Summary Restructured to include the iCER diesel Tier Il mode option. The two turbocharger iCER

arrangement and the 8-cylinder execution added.

3.2.4 Electrical power requirement Table 3-2: New design for trace heating of cylinder lubricating oil pipes introduced

3.5 Engine foundation and seating Whole section restructured and content updated

4.1 Twin-engine installation Table 4-1: The EGC circulation water treatment system for the iCER diesel Tier Il mode
added

4.2 The iCER The iCER diesel Tier Il mode option added. The two turbocharger iCER arrangement
and the 8-cylinder execution added.

4.4.5 Cylinder lubricating oil system Heating cable specification in Table 4-3 updated

4.4.7 Drain tank

Inclination angles Tables 4-4, 4-5, 4-6 updated

4.5.8 Fuel gas venting

Ventilation of double-wall fuel gas piping Rules for the installation of the ventilation fan have been refined and updated

4.9.4 The iCER drainage system Restructured to include the iCER diesel Tier Il mode option and information added for

handling of bleed-off water

4.10 Exhaust gas system

Explosion relief devices Section updated to align with current regulations.
Single turbocharger exhaust gas pipe arrangement Bypass arrangement for single turbocharger application omitted.
The iCER exhaust gas system The iCER diesel Tier Il mode option added. The two turbocharger iCER arrangement

and the 8-cylinder execution added.

4.12.2 Fluid velocities and flow rates Further information added
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5.7 WinGD Integrated Digital Expert (WiDE)

General update of the product description and customers’ benefits. Figure 5-8 updated.

7 Engine Emissions

Exhaust gas emissions comparisons and calculations criteria added. Regulations re-
fined and updated.

7.1.2 iCER diesel Tier Il mode

The iCER diesel Tier Il mode option added

9.2 List of acronyms

Table 9-2 updated

Revision: | 02 Date of issue: | 2021-11

Location of change

Subject

1.1 Engine capability and features

Table 1-3 added to list the iCER system features and components

1.3.1 Operation in gas mode
Shaft power meter requirements

Subsection retitled and content added

3.1.2 Crane requirements

Crane speed information updated

3.2.4 Electrical power requirement

Table 3-2 updated: A smaller electric motor for the pilot fuel pump applied

413 PTO, PTI, PTH and primary generator applications

PTI option on free end removed

4.13.2 Arrangements for PTO, PTI, PTH and primary generator

Figure 4-61 and Table 4-17 updated

5.4.2 Recommended manoeuvring characteristics
FPP manoeuvring steps and warm-up times

Correction to note: Acceleration above FULL SEA 2 speed included

6.2.2 Reduction of lateral vibration

Section restructured and content updated

Revision: | 01 Date of issue: | 2021-07

Location of change

Subject

1.2.2 Principal engine dimensions and weights

Note added: Binding data must be found in relevant drawings

1.3 Fuel operating modes

Section re-written and Figure 1-3 revised

1.3.3 Operation in a mixed fuel mode
Combustion stability mode

Figure 1-7 revised to include the gas only, engine power range.
Re-written to include extended CSM engine range operation.

2.6 Power range limits with a power take-off installation for a
FPP

DCC not applicable for engines with iCER

3.2.2 Operating conditions

Operational temperature range requirements added

3.2.4 Electrical power requirement

Table 3-2 updated

4 Ancillary Systems

Whole chapter restructured

4.1 Twin-engine installation

Table 4-1: iCER twin-engine installation information added

4.2 The iCER

Section updated

4.3 Cooling water system

Section restructured and content updated

4.3.1 Low-temperature circuit

DCC not applicable for engines with iCER

4.3.2 High-temperature circuit
Buffer unit

LSH and LSL specification updated

4.3.5 Cooling water treatment

Table 4-2 updated and note added
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4.4.7 Drain tank
Inclination angles

Tables 4-4, 4-5, 4-6 updated

4.5 Fuel gas system

Restructured to combine iGPR and GVU sections

4.5.4 Fuel gas supply system

Content extended to include different FGSS arrangements and components

4.8.3 Control air

Air quality class updated

4.9.1 Sludge oil trap solutions

New structure introduced and two alternative sludge oil trap solutions added

4.9.4 The iCER drainage system

Section updated and information added for handling of bleed-off water

4.10 Exhaust gas system
The iCER exhaust gas system

Section updated and purge line information added

4.11.4 Outside ambient air temperature

Operational temperature range requirements added

FPP manoeuvring steps and warm-up times

5.4.2 Recommended manoeuvring characteristics

Note added: FULL SEA 2 speed includes the light running margin

6.3 Longitudinal vibration (pitching)

Removal of hydraulic type stays of WinGD design

6.4.1 Reduction of torsional vibration
Spring damper

Spring damper oil flow specification updated

7.1.2 Selective catalytic reduction

Note added: An SCR system can only be used when operating in diesel mode

9.1 Classification societies

Table 9-1 updated

9.2 List of acronyms

Table 9-2 updated

Revision: | ==

Date of issue:
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First edition
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Reference to compliance

Reference information

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.
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Cross references

Notes

‘Web links

[N

Docu
WinGD

ha

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, B 4-55

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

\'[oX | 588 The illustration does not necessarily represent the actual configuration
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


https://www.wingd.com/en/documents/x62df-2-1/engine-installation/mids/dg9725-air-supply-system/
https://www.wingd.com/en/documents/concept-guidances/dg9723-concept-guidance-fuel-oil-treatment/
https://www.wingd.com/en/media/general-technical-data
https://www.wingd.com/en/documents/x62df-2-1/engine-installation/mids/dg9725-air-supply-system/
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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

9727 Fuel Gas 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 design group ‘Various Installation
Items’ (DG 9730) for reference.


https://www.wingd.com/en/documents/concept-guidances/dg9730-various-installation-items.pdf/#page=3
https://www.wingd.com/en/documents/x62df-2-1/engine-installation/mids/mids-complete-package/
https://www.wingd.com/en/documents/concept-guidances/complete-package/
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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.

. GTD - General Technical Data for WinGD 2-Stroke Engines - [m] X

File View Options Help

untitled-1" % |+

Cylinder Rating Field CMCR Paint X92DF-2.0
Dual-Fuel iCER
LW o - - - o Speed
Pe 12 Cylinder
0] [
100.0%
MR
. power 800 rpm
B 63240| kw 63840 kW
100.0% 17.21 bar
| :
_ 1 CSR Tuning and Options
46500 - ! Partload Standard
T —_ 85.00] #
0 500 | G et
3 x A185-L
Tunings Options Turbocharger Scavenge Air Caoler
[[] iCER diesel Tier lIl Name #TC Producer Scavenge Air Cooler | #SAC
3 x SAC-B98-5Di
A185-L 8 Accelleron SAC-B98-SDi 8
A280-L 3 Accelleron SAC-BIS-SDi 3 Cooling System
MET83MB 3 MHI SAC-B98-SDi 3 Fresh water cooled
MET83MBII 3 MHI SAC-B98-5Di 3 Separate HT circuit
Lubricating C
Cocling System Lubricating Oil System e s
FW cooled / Separate HT dircuit including TC lubrication and crosshead booster pumps
excluding TC lubrication but with crosshead booster pumps
1 Message Next al
SM-0748

Figure 0-1 GTD screenshot

GTD output 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.

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

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:

e Instruction Manual

* Spare Parts Catalogue


https://www.wingd.com/en/media/general-technical-data
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iCER operating
mode options

iCER installation options

VCR operating
mode options

Engine dimensions
and masses

Engine Summary

The WinGD X62DF-2.1 is a camshaftless, low-speed, reversible and rigidly
direct-coupled two-stroke engine. It features a low-pressure gas operation and a
common-rail injection system combined with the Intelligent Control by Exhaust
Recycling (iCER) system. For this engine the Variable Compression Ratio
(VCR) technologyl) is also available as a selectable configuration.

The WinGD X62DF-2.1 is available in two variants:
* 1iCER gas mode

+  iCER gas and diesel Tier Il mode!)

The iCER gas mode improves the gas mode performance to significantly reduce
the emissions, especially methane emissions. Alternatively, the iCER diesel
Tier I1I mode!) additionally provides Tier III compliance while operating with
diesel fuel.

The iCER system (off-engine option) is normally installed in the engine room.
For the 5- and 6-cylinder X62DF-2.1 engines an iCER on-engine system is avail-
able where the Exhaust Gas Cooler (EGC) and the engine are provided as a com-
plete package reducing installation efforts.

For the WinGD X62DF-2.1 the VCR technologyl) is available in three operating
modes:

* gas mode

» diesel mode

 iCER diesel Tier Il mode!

The VCR technologyl) allows dynamic adjustment of the engine Compression
Ratio (CR) to optimise combustion efficiency and reduce emissions.

Table 1-1  The X62DF-2.1 summary values for Maximum Continuous Rating

Bore 620 mm
Stroke 2,658 mm
Number of cylinders 5t08

Power (MCR) 2,385 kW/cyl
Speed (MCR) 103 rpm
Mean Effective Pressure 17.3 bar
Stroke/bore ratio 4.29

The details about sizing, specific dimensions and masses are provided in section
3.1 Engine dimensions and masses, 2 3-1.

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

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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1.1

Gas mode:
certified Tier ITI

Diesel mode:
certified Tier IT

iCER diesel
Tier III mode:
certified Tier ITI

Control system

Compliance with
international codes

Engine capability and features

This engine type is designed to run on gas fuel or on liquid fuel. The gas fuel is
evaporated Liquefied Natural Gas (LNG). The liquid fuel comprises a wide
range of marine fuels, such as Marine Gas Oil (MGO) and Heavy Fuel Oil
(HFO) of varying qualities. Such fuel flexibility is made possible by the WinGD
low-pressure technology. The operating mode can be changed, while the engine
is running, without any loss of power.

In gas mode the main fuel is natural gas. The natural gas is injected into the
engine at low pressure. The gas fuel is ignited by injecting pilot fuel. The amount
of injected pilot fuel is approximately 1% of the total energy consumption of the
engine at 100% Contracted Maximum Continuous Rating (CMCR) engine
power. The project-specific values are available in the G7D. Gas fuel injection is
hydraulically actuated and electronically controlled. Independent micro-injec-
tors and the pilot fuel system inject the pilot fuel. The pilot fuel can be Marine
Diesel Oil (MDO) or MGO. The gas mode of the X-DF2.0 engine uses the iCER
system which operates above 20% — 30% CMCR engine power.

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. The 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 ac-
cordance with the ISO 8217:2017 specification. The HFO can have a maximum
viscosity of 700cSt. 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.

The engine can be selected with the iCER diesel Tier III mode!) option. While
the engine is operating in iCER diesel Tier III mode, 5 1-13, the main fuel (IMGO
only) is used in the same way as in the normal diesel mode. However, with the
iCER (see section 4.2 The iCER technology, = 4-4) active, the engine reaches
Tier III compliance without any additional exhaust gas treatment system, such
as Selective Catalytic Reduction (SCR).

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.

The WinGD X62DF-2.1 must comply with the following 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)”

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.


https://www.wingd.com/en/media/general-technical-data
https://www.wingd.com/en/media/general-technical-data
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Special engine features

WinGD constantly advances its engine portfolio and develops new technologies
(see Table 1-2, B 1-3, Table 1-3, B 1-4 and Table 1-4, 5 1-4).

Table 1-2  Principal engine features and technologies

Engine features and technologies MIM section
The VCR technologya) is available for this engine. 1.3

If contracted, iCER diesel Tier Il mode? is available for this engine (see Figure 1-2, = 1-8). 1.3

In gas mode, low-load engine operation is possible. 1.3.1
If.contracted, the option of an iCER on-engine system is available for the 5- and 6-cylinder X62DF-2.1 en- 131
gines.

If contracted, Fuel Sharing Mode? (FSM) is available for this engine (see Fuel Sharing Mode, & 1-15). 1.3.3

Improved engine performance with reduced environmental footprint is made possible through the Intelligent
Control by Exhaust Recycling (iCER) system. Table 1-3, 5 1-4 provides a summary of the iCER system fea- 4.2
tures and components.

Efficiently cooled piston crown is made possible by jet-shaker cooling. 452

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

and made possible by the Pulse Lubricating System (PLS). 459
The engine has a low-pressure gas admission that is made possible through unique cylinder liners. 46.2
Effective gas pressure handling is made possible by the Integrated Gas Pressure Regulation (iGPR) unit. 46.7
The whole engine can be controlled and operated electronically that is made possible by the Flex system 5
(see The Flex system, B 1-13).

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 and is known as the In- 6.12
tegrated ELectrical BAlancer (iELBA).

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

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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Table 1-3  The iCER technology

The iCER system features and components

MIM section

The iCER technology has different operation modes (see Figure 1-2, 5 1-8):
* gas mode
« iCER diesel Tier Il mode? (optional)

The iCER diesel Tier Ill mode, E 1-13 can replace an exhaust gas aftertreatment system, such as SCR.

1.3

If contracted, the option of an iCER on-engine system is available for the 5- and 6-cylinder X62DF-2.1 en-
gines (see Figure 1-6, B 1-11). The Exhaust Gas Cooler (EGC) and the engine are provided as a complete
package, reducing installation efforts.

1.3.1

With the Combustion Stability Mode (CSM) the engine can be operated with gas fuel when the iCER system
is not operating. By adding a small part of the liquid fuel, the combustion can be stabilised.

1.3.3

For the twin-engine installations the EGC circulation water system and its treatment can be shared between
both engines (see Table 4-1, [ 4-2).

4.1

Simple and reliable iCER technology improves engine performance while reducing Greenhouse Gas (GHG)
emissions. For the off-engine option, an additional economiser (see Figure 4-23, £ 4-28) can also be in-
stalled to recover thermal energy from the hot exhaust gases.

4.2

The EGC circulation water system cools the recirculated exhaust gas to the required temperature (see
Figure 4-7, B 4-8).

422

The iCER drainage system is used to discharge the excessive water which is produced from the water con-
densation out of the exhaust gases. Depending on the iCER operating mode option, the following arrange-
ments are available:
*  Armrangement of the iCER drainage system for installations which run the iCER system exclusively in
gas mode, B4-9
»  Unified arrangements of the iCER drainage system valid for all iCER operating mode options, & 4-11

423

The iCER exhaust gas system is designed to recirculate exhaust gas. The required amount of returned ex-
haust gas is regulated by a closed loop control system (see Figure 4-18, & 4-24 and Figure 4-19, 5 4-24).

425

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

Table 1-4  The VCR technology

The VCR®? system features and components MIM section
The VCR technologya) is available in different operation modes (see Figure 1-2, E 1-8):
» diesel mode
1.3
* gas mode
« iCER diesel Tier Ill mode? (if contracted)
The VCR technologya) can be contracted in combination with the iCER technology (see Figure 1-2, B 1-8). 1.3

The VCR technology? improves engine performance while reducing Greenhouse Gas (GHG) emissions.

1.3.1

a) ltis 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 Engine Summary
1.2 Primary engine data

1.2

Output [kW]

Primary engine data

The engine rating field for this specific engine is shown in Figure 1-1, 5 1-5 to-
gether with all WinGD X-DF engines. For the detailed engine data, see Table
1-5, B 1-6.
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Figure 1-1  Power/speed range of the WinGD X-DF engines
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1.2.1

Engine rating field - rating points

The specific values for the four corners of the rating field are called rating points
(see Table 1-5). The values provided in the below table are not binding and can be

updated without notice. For the prevailing data, please refer to the G7D.

Table 1-5 Rating points

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

No. of R1 R2 R3 R4
cyl. Power [kW]
5 11,925 9,925 9,250 7,700
6 14,310 11,910 11,100 9,240
7 16,695 13,895 12,950 10,780
8 19,080 15,880 14,800 12,320
Speed [rpm]
All cyl. 103 103 80 80
Mean Effective Pressure (MEP) [bar]
All cyl. 17.3 14.4 17.3 14.4

Lubricating Oil consumption (for fully run-in engines under normal operating conditions)

System oil

approx. 6 kg/cyl per day

Cylinder oil

guide feed rate 0.6 g/kWh



https://www.wingd.com/en/media/general-technical-data
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1.3

Fuel operating modes

The engine is designed for continuous service on gas fuel with oil fuel as a
backup fuel. Depending on the selected option, different operating modes are
available within specific engine power ranges (see Figure 1-2, B 1-8). The fuel
split ranges are shown in Table 1-7, E 1-8.

The following list includes the operating modes of the X62DF-2.1 engine:
* gas mode (with the iCER system and VCRY in operation)
* Combustion Stability Mode (CSM)
* diesel mode (with VCRY in operation)
» if contracted, Fuel Sharing Mode? (FSM)

« if contracted, iCER diesel Tier III mode! (with the iCER system and
VCRDY in operation)
«  VCRY fallback diesel mode

Table 1-6  Overview of the available operating modes and technologies for the

X62DF-2.0
Operating modes VCR® | iCER Compliance | Notes
Gas mode On On Tier Il
CSM Off Off Tier Il
Diesel mode On Off Tier Il
FSM2) Off Off Tier Il If contracted
iCER diesel Tier Il mode? On On Tier M If contracted
VCR? fallback diesel mode Off Off Not appli- | Fallback mode in case of
cable VCR® failure

a) ltisanavailable option in addition to the chosen engine configuration, and notincluded in the standard configuration.
It needs to be contracted.

\'[oX |58 To have either or all, the Fuel Sharing Mode, the iCER diesel Tier Il
mode and/or the VCR technology, available, they must be requested
and included in the contract.

Changeovers between the operating modes:

» transfer (automatically active for changeover to or between modes with gas
operation)

» gas trip (immediate action, always available while a mode with gas opera-
tion is selected)

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.



I:!!IE X62DF-2.1

H a
o 2| = w L i
2a(8| = 3 5
< | @ x i 4
=3 B
[Without iCER in operation With iCER in operation
iCER switching Gas mode
area Tier Ill compliant
Without ICER in operal ; : : : Without iCER i
lithout it in operation . e fithout if in operation
iCER switching Combustion Stability Mode (CSM)
area | f
Gas only power fariga Tier IIl compliant

—
Without iCER in operation

Diesel mode Without iCER in operation
|
Tier Il compliant Overload

I e 5 S |
iCER diesel Tier Il mode (if contracted)

With iCER in operation

0 10 20 30 40 50 60 70 80 90 100 110

0,
Power [%] SM-0690

Figure 1-2 Operating modes of the X-DF2.0 engine

Table 1-7  Approximate fuel split (energy-based) for different operating modes over

load range

Gas mode 1%—2% MGO/MDO pilot fuel
98%-99% gas

CSM 1%—2% MGO/MDO pilot fuel

0%-35% MGO/MDO/HFO

(HFO only for above 20%-30% CMCR engine
power)

64%-98% gas fuel

FSM2) 1%-2% MGO/MDO pilot fuel
13%-49% MGO/MDO/HFO
50%—-85% gas

Diesel mode 1% MGO/MDO pilot fuel
99% MGO/MDO/HFO

VCR® fallback diesel mode 1% MGO/MDO pilot fuel
99% MGO/MDO/HFO

iCER diesel Tier Il mode? 1% MGO/MDO pilot fuel
99% MGO (ultra low sulphur content - maximum

0.10% m/m sulphur)

a) lItisanavailable optionin additionto the chosen engine configuration, and notincludedin the standard configuration.
It needs to be contracted.

\[eJ =8 It is strongly recommended that transfer and operation in gas mode is
initiated above the Barred Speed Range. As a result, this may increase

the lower limit value above 10%.
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1.3.1

Operation in gas mode

The engine operates in gas mode according to the Otto cycle with a pre-mixed
lean fuel gas to air mixture which is ignited by a small amount of pilot fuel. The
amount of used injected pilot fuel is approximately the same across the entire
engine power range. It is equivalent to approximately 1% of the total energy con-
sumption of the engine at 100% CMCR engine power (for the energy distribution
during gas mode, see Figure 1-3, £ 1-9).

100 4 Total fuel
[power %]

50
0
0 50 100
SM-0183 Engine power [%]

Figure 1-3 Gas mode

[ = At any time the gas operation can be stopped immediately by initiating
a gas trip.

Shaft power meter requirements

For all WinGD X-DF engines, the ECS requires the installation of a power meter
in the shaft line. The measurement accuracy must fulfil the requirements, as de-
fined in Table 1-8, B 1-10. The position of the shaft power meter is usually as
close as possible to the main engine flywheel. In case of a PTO/PTI/PTH instal-
lation on the driving end side, this means that the shaft power meter is usually in-
stalled between the PTO/PTI/PTH and the main engine flywheel (see
Figure 4-78, E 4-125). Alternatively, the mechanical power of the PTO must be
calculated and transferred to the ECS through the Propulsion Control System
(PCS). This enables the ECS to determine the total mechanical power output of
the engine which is required for the engine operation (see Figure 5-1, B 5-1). The
same calculation method must be applied to a PTO installation on the free end.
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Table 1-8  Shaft power meter parameters

Abbreviation Value Parameter
A +0.5% Sensor accuracy
U <1.0s Update rate
D <05s Delay
S =10 Hz Sampling rate
ES 4-20 mA Electrical signal
The iCER system

As part of the X-DF2.0 technology, this engine is equipped with the Intelligent
Control by Exhaust Recycling (iCER) system. In gas mode or diesel Tier III
mode! (if contracted), this allows the recirculation of part of the exhaust gas
back to the engine. This replaces the oxygen in the scavenge air inlet with CO,
resulting in an enhanced combustion process.

The iCER system offers the following customer benefits:
* reduced methane slip by up to 50%
* reduced energy consumption in gas mode
* improved fuel consumption in diesel mode

* Tier III compliance in diesel mode!) (if contracted)

Figure 1-4, B 1-10 provides a schematic of the iCER system with one turbo-
charger (off-engine option).

EGC: Exhaust Gas Cooler

FRV: Flow Regulating Valve Exhaust gas receiver
SOoV: Shut-Off Valve

BPV: Back Pressure Valve

PHE: Plate Heat Exchanger

SAC: Scavenge Air Cooler

WMC: Water Mist Catcher

Water spray

Seawater in ——| Return

Pur%ing a.ml:i' )
Seawater out EGC sealing air line (in)

Bleed-off

(Economiser)

Circulation pump

Colour code
White area: Components installed on the engine

Grey area: Ancillary system components Scavenge air receiver

SM-0573

Figure 1-4 The iCER system (off-engine option) with one turbocharger and the ex-
haust gas return pipe routed to the turbocharger connection from above

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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Figure 1-5, 5 1-11 provides a schematic of the iCER system with two turbo-
chargers (off-engine option).

EGC: Exhaust Gas Cooler
FRV: Flow Regulating Valve
SOv: Shut-Off Valve Exhaust gas receiver
BPV: Back Pressure Valve
PHE: Plate Heat Exchanger
SAC: Scavenge Air Cooler Purgingand
WMC: Water Mist Catcher sealing air line (in)
Water spray

Seawater in kE
Seawater out «——]

Bleed-off

Circulation pump

Colour code
White area: Components installed on the engine
Grey area: Ancillary system components

Scavenge air receiver

SM-0774

Figure 1-5 The iCER system (off-engine option) with two turbochargers and the ex-
haust gas return pipe routed to the turbocharger connection from below

Figure 1-6, 5 1-11 shows the iCER on-engine system.
EGC: Exhaust Gas Cooler
FRV: Flow Regulating Valve Exhaust gas receiver
Sov: Shut-Off Valve
BPV: Back Pressure Valve
PHE: Plate Heat Exchanger
SAC: Scavenge Air Cooler
WMC: Water Mist Catcher

Water spray

Purging and
sealing air line (in)

Seawater in ké
Seawater out «———

Bleed-off

I EGC

Circulation pump

Colour code
White area: Components installed on the engine

Grey area: Ancillary system components Scavenge air receiver

SM-0860

Figure 1-6 The iCER on-engine system
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The introduction of the iCER system, as part of the X-DF2.0 portfolio, increases
the engine competitiveness with increased fuel efficiency and reduced environ-
mental impact.

For further information on the iCER system, as well as links to the associated
system information and drawings, see section 4.2 The iCER technology, B 4-4.

For further information on the iCER installation, please refer to the
iCER Installation Guideline.

The Variable Compression Ratio technology

As part of the X-DF2.0 technology, this engine can be equipped with the
Variable Compression Ratio? (VCR), if contracted. In gas mode, diesel mode
and iCER diesel Tier III mode? (if contracted), the VCR technologyl) allows dy-
namic adjustment of the engine Compression Ratio (CR) to optimise combustion
efficiency and to reduce emissions.

The VCRY offers the following customer benefits:

» reduced Brake Specific Gas Consumption (BSGC) in part load during gas
mode

» reduced Brake Specific Fuel Consumption (BSFC) across the full load range
during diesel mode

* reduced GHG emissions

Adding the VCR technologyl) has no direct impact on the engine installation, i.e.
the main engine dimensions, pipe connections, ancillary system capacities re-
main the same.

For further information on the VCR technologyl), as well as links to associated
system information and drawings, see section 4.3 The VCR technology, & 4-29.

Operation in diesel mode

In general, diesel mode is always available. If the gas system fails or the engine
output in gas mode is insufficient, the diesel mode provides operational flexi-
bility and a fail-safe.

The main fuel injectors inject the main fuel, while the pilot fuel micro-injectors
remain in operation at a reduced injection rate to avoid clogging of the nozzles.
The main fuel can be changed over from either MDO or MGO to HFO. Before
changing back to gas mode, the main fuel must be changed back to MDO or
MGO (see section 1.3.4 Changeover between operating modes, & 1-16).

For further information on the engine operation on distillate fuels, please refer to
the “DG 9723 Fuel Oil System — Concept Guidance” on WinGD web page: Con-
cept Guidance Distillate Fuels.

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.


https://www.wingd.com/en/documents/w-2s/engine-installation/concept-guidances/dg9726-icer-installation-guideline.pdf/
https://www.wingd.com/en/documents/concept-guidances/dg9723-concept-guidance-for-operation-on-distillate-fuels/
https://www.wingd.com/en/documents/concept-guidances/dg9723-concept-guidance-for-operation-on-distillate-fuels/
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Major benefits

The Flex system

The engine is equipped with the WinGD Flex system. It is a common-rail injec-
tion system which enables flexible fuel injection.

Engine Control System

_______________ | Cylinder No. 1-n

ottt

Rail unit (common-rail
Fuel ( )

SM-0277

Figure 1-7  The Flex system parts

The major benefits of the Flex system include the following:

» adapted for different operating modes

* adapted for different fuels

* optimised part load operation

» optimised fuel consumption

* precise speed regulation, especially at very low speed operation

* smokeless operation across the entire engine power range

* Denefits in terms of operating costs, maintenance requirements and compli-
ance with emissions regulations

iCER diesel Tier III mode

The iCER diesel Tier III mode!) is available from 0% to 100% engine power and
the iCER is active from approximately 20% to 100% engine power. This engine
operation mode uses MGO fuel (with maximum 0.10% m/m sulphur), and
meets Tier III compliance.

The iCER system (see section 4.2 The iCER technology, 5 4-4) requires the acti-
vation of the EGC circulation water treatment system. For further information,
see section 4.2.3 The iCER drainage system, = 4-8.

The iCER diesel Tier III mode!) availability is independent from the selected
iCER on- or off-engine option.

The VCR fallback diesel mode

The VCR fallback diesel mode! is available from 0% to 100% engine power and
is used as an emergency mode in the event of a VCR technology?) failure. This
engine operation mode uses MDO, MGO as well as HFO.

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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1.3.3

Operation in a mixed fuel mode

A mixed fuel mode runs on both gas and liquid fuel at the same time. The power
available and the diesel fuel ratio is dependent on the selected mixed fuel mode.

Combustion Stability Mode

The Combustion Stability Mode (CSM) technology is specific to the engines of
the X-DF2.0 portfolio and can be selected as an operating mode across the same
engine power range as gas mode (see Figure 1-2, = 1-8). When the CSM is se-
lected, the engine runs mainly on gas fuel, however, without the iCER.

\[o) /=8 While the CSM is active, the engine is Tier Ill compliant, as
long as the sulphur content of the liquid fuel is equal to or less
than 0.10 % m/m sulphur.

The CSM can be active above 10% CMCR power. From 10% CMCR power only
gas fuel is applied. In a range from 20% to 30% CMCR power it is switched to
mixed fuel mode. A part of the gas fuel is replaced with liquid fuel to ensure
stable combustion. The maximum gas-only power range can vary depending on
the engine rating.

100

Diesel fuel ratio [%]
(U]
o

0 25 50 100

SM-0621 Engine Power [%)]

Figure 1-8 Diesel fuel ratio during active CSM
The CSM, like the FSMD, injects liquid fuel by the main injectors, in addition to

the gas fuel. However, unlike FSMI), the diesel fuel ratio is set by the CSM, as
shown in Figure 1-8, B 1-14.

The amount (or ratio) of the injected diesel is fixed as a function of the engine
power and is controlled by the ECS. The expected amount is shown in Figure

1-8, B 1-14, however, the final vector can vary depending on the engine rating.

The CSM comes as a standard technology with engines that have the iCER.

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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Fuel Sharing Mode

(\[eJ =88 Fuel Sharing Mode is an option. It can be contracted at additional cost.

The FSMDV) is initiated only by the operator and can be used for reaching the
balance between an LNG carrier boil-off and the desired ship speed. This can be
done by adjusting the ratio of the liquid fuel to gas fuel.

100

Engine Min. diesel Max. diesel
power [%] ratio [% BSEC] ratio [% BSEC]

FSM operation
window

Diesel ratio [% BSEC]

0 50 100
SM-0622 Engine power [%)]

Figure 1-9 FSM — available operating window

The FSMV) is available in a defined working window (see Figure 1-9, 5 1-15).
Like CSM activation (see subsection Combustion Stability Mode, & 1-14), the
minimum amount of liquid fuel is dependent on the engine power and is limited
by the ECS. In FSMP the engine is Tier II compliant.

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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1.3.4

A
100
Absolute energy |----- - - AL
consumption[%] |- -
5O |--- - g
e Gas
7777777 Pilot fuel (enlarged for visibility reasons, not scaled)
0

0 50 ; 100
SM-0623 Engine power [%]

Figure 1-10 FSM — energy amount of different ratios of fuel

The liquid fuel to gas fuel ratio can be selected by the Remote Control System
(RCS). The automatic control of the ratio of liquid fuel is based on the LNG
carrier tank pressure. The automatic control is also possible through the PCS.
Depending on the liquid fuel sulphur content, the Base Number (BN) of the cyl-
inder LO might need to be changed.

Changeover between operating modes

The changeover between operating modes is the process of the engine changing
between different fuel operating modes (see section 1.3 Fuel operating modes,
1-7).

Depending on the type of changeover between operating modes, the required
time varies. In general, a changeover of operation mode from gas fuel to liquid
fuel is executed immediately. However, the introduction of gas takes a few
minutes, depending on the operating modes.

Diesel mode An overload of 110% is permitted in emergency conditions
(SOLAS Regulations 11-1/3.6)

Gas, CSM, FSMa), VCR fall- | No overload is available, as the maximum continuous
back diesel mode? and iCER output is 100% of rated power
diesel Tier Il mode?

a) lItisanavailable option in additionto the chosen engine configuration, and notincludedin the standard configuration.
It needs to be contracted.

All changeovers are restricted by the engine power availability of each operating
mode and the transfer power range (see Figure 1-2, 5 1-8).



I:!!IE X62DF-2.1

Gas trip

Transfers and gas trips

The changeover between operating modes can be categorised in two ways. If the
changeover introduces or continues to use gas fuel, it is called a transfer. If the
changeover between operating modes stops the use of gas fuel, thus, defaulting to
diesel mode, then the changeover is called a gas trip (or just a trip). Often a gas
trip is associated with automatic initiation as part of the system safety procedure,
but it can also be intentionally initiated by the operator. In comparison to the gas
trip, the changeover between operating modes can only be initiated by the
operator.

Diesel Fuel
VCR fallback .
operation iCER diesel Tier 1 ) OP€ration
Mode
TR EEEEEEEE ., - MGO
<" VCR-falback %, a==" J
' DieselMode & 3
::"~.._ Diesel Mode )
.

s
a»

CSM ™ or FSM

Gas Fuel
Operation

a) Itis an available option in addition to the chosen engine configuration, and not included in the standartd configuration. It needs to be contracted.
b) HFO available for =26% CMCR power
(o] Transfer available if FSM is contracted

SM-0984

Figure 1-11 The fuel transfers and gas trips

A gas trip always stops the gas fuel operation and results in diesel mode. The gas
trip is completed within half a revolution of the engine and can occur at any en-
gine power and any operating mode when gas fuel is in use. This includes any
point of changeover between operating modes.

While the engine runs in gas mode, the liquid fuel backup system is always on
standby with MGO or MDO. This is different to FSMY which is backed up by

the selected fuel type (see Table 1-7, B 1-8).

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.
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Transfer
introducing gas fuel

Gas mode

CSM

FSM

VCR fallback
diesel mode

Changeover
between liquid fuels

Changeover to
iCER diesel Tier III mode

Although the operator can initiate a gas trip to diesel mode, if the ECS initiates
an automatic gas trip, it is a result of either an unacceptable operating condition,
a detected failure or a command received from an external system (e.g. the en-
gine safety system). If an automatically initiated gas trip occurs, then the cause
must be investigated. Thus, transferring to an operation mode with gas is prohib-
ited and disabled until the problem is resolved and the alarm is reset.

For further information on failures causing a gas trip, please refer to the Safety
Concept: 2-Stroke Dual-Fuel Safety Concept.

The transfer from diesel mode to either gas mode or FSMY introduces gas fuel.
Both the Gas Valve Unit (GVU) and the iGPR must complete a system safety test
before this gradual changeover can take place.

The transfer to gas mode is prohibited (and, thus, disabled) when the engine is
running on HFO. Before changing to gas mode, the engine must operate in diesel
mode (Tier IT) with MGO or MDO, until the fuel system is fully flushed of HFO.
This prevents clogging by HFO during standby in gas mode. For transfer to gas
mode, the iCER system must be ready for operation. It only operates above
20%-30% CMCR engine power.

If the engine is running in diesel mode (Tier II) above approximately 10%
CMCR engine power, the transfer to CSM is possible. MDO and MGO can be
used as liquid fuel. HFO can also be used above 20%—-30% CMCR engine power.
If FSMD is contracted, a direct transfer from gas mode to CSM is available.
When the engine power is reduced below the CSM operating range, an alarm
message is released. If the engine power is not increased within the required time
period, a gas trip is initiated.

FSMD is only available if contracted. If the engine is running above approxi-
mately 50% CMCR engine power, transfer from either diesel mode (Tier IT) or
gas mode to FSMDV is possible. HFO, MDO and MGO can be used as liquid fuel.
When the engine power is reduced below the FSMV operating range, an alarm
message is released. If the engine power is not increased within the required time
period, a gas trip is initiated.

(\[e) =88 Fuel Sharing Mode is an option. It can be contracted at additional cost.

The VCR fallback diesel mode!) is an emergency mode used in the event of a
VCRY failure. This mode is available from the 0% to 100% CMCR engine
power. If a VCRY failure occurs while the engine is running in gas mode, diesel
mode or in iCER diesel Tier III model), an engine trip to the VCR fallback diesel
mode!) is automatically initiated. From the VCR fallback diesel mode!) a
transfer to CSM or FSM Y (if contracted) can be manually initiated.

Similar to the WinGD diesel engines, changing the fuel input from HFO to either
MGO or MDO and vice versa can be done at any time (assuming, HFO is per-
mitted in the operating mode) without interruption of the engine operation. The
fuel oil changeovers are managed by external systems.

Before changing to iCER diesel Tier III model), the engine must be in diesel
mode and fully flushed with MGO (with maximum 0.10% m/m sulphur). The
iCER system must be ready for operation. It only operates above approximately
20% CMCR engine power.

1) Itisanavailable option in addition to the chosen engine configuration, and not included
in the standard configuration. It needs to be contracted.


https://www.wingd.com/en/documents/concept-guidances/dg9727-df-safety-concept/

l:ﬂzm X62DF-2.1

2.1

Engine Power and Speed

Selecting a suitable main engine to meet the power demands of a given project in-
volves proper tuning with respect to load range and influence of operating condi-
tions which are likely to prevail throughout the entire life of the ship. This
chapter explains the main principles in selecting a WinGD 2-stroke marine diesel
and gas engine.

Introduction to power and speed

It is critical that a ship propulsion system correctly matches the main engine
characteristics to ensure reliable operation under a variety of conditions in-
cluding design and off-design conditions. The sections below outline the specifics
to aid in this process.
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2.2

Percentage values

Engine rating field

The rating field shown in Figure 2-1, B 2-2 is the area of selectable engine design
power and engine design speed. In this area, the Contracted Maximum Contin-
uous Rating (CMCR) of an engine can be positioned individually to give the de-
sired combination of propulsive power and rotational speed. Engines within this
layout field are tuned for maximum firing pressure and best efficiency at the se-
lected rating.

Engine power

A [%]
100 -
90 |- Rating line
- _ fulfilling a ship’s
- power requirement
- for a constant speed
80 :
70 -
60
B / Nominal propeller characteristic (1)
B Nominal propeller characteristic (2)
B Engine speed
so Lt 1 b b b1 (%]
60 70 80 90 100
The contracted maximum continuous rating (Rx) may be
freely positioned within the rating field for that engine SM-0164

Figure 2-1 Rating field for the X62DF-2.1

The rating field serves to determine the specific fuel and fuel gas consumption,
exhaust gas flow and temperature, fuel injection parameters, turbocharger and
Scavenge Air Cooler (SAC) specifications at the selected rating.

The engine speed is given on the horizontal axis and the engine power on the ver-
tical axis of the rating field. Both are expressed as a percentage [%] of the respec-
tive engine nominal R1 parameters. Percentage values are used in such a way
that the same diagram can be applied to various engine arrangements.

Rating points

The rating points (R1, R2, R3, R4) for the WinGD engines are the corner points
of the engine rating field (see Figure 2-1, B 2-2). The rating field is limited by two
constant Mean Effective Pressure (MEP) lines R1—R3 and R2—R4 and by two
constant engine speed lines R1—R2 and R3—RA4.

The point R1 represents the nominal Maximum Continuous Rating (MCR). It is
the maximum power/speed combination which is available for a particular en-
gine.

Any rating point (Rx) can be selected within the entire rating field to meet the re-
quirements of each specific project. Such rating points require specific engine ad-
aptations.
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2.3

Influence of propeller
revolutions on the power
requirement

Maximum propeller
diameter

Influence of propeller diameter and revolutions

At constant ship speed and for a given propeller type, a lower propeller speed
combined with a larger propeller diameter increases the total propulsive effi-
ciency. Less power is required to propel the vessel at a given speed.

The relative change of required power as a function of the propeller revolutions
can be approximated by the following relation:

(6%
PX, _ [_z]
PX1 n,

Formula 2-1

where:

= propulsive power for propeller revolution

= propeller speed corresponding with propulsive power PJX;

[0 ST = 0.15 for tankers and general cargo ships up to 10,000 dwt, or
= (.20 for tankers and bulk carriers from 10,000 to 30,00 dwt, or
=0.25 for tankers and bulk carriers larger than 30,000 dwt, or
=0.17 for reefers and container ships up to 3,000 TEU, or
= (.22 for container ships larger than 3,000 TEU

This relation is used in the engine selection process to compare different engine
alternatives and to select an optimum propeller speed within the selected engine
rating field. Usually, the number of revolutions depends on the maximum per-
missible propeller diameter.

The maximum propeller diameter is often determined by operational require-
ments, such as:

* design draught and ballast draught limitations

* class recommendations concerning propeller/hull clearance (pressure im-
pulse induced on the hull by the propeller)

The selection of the main engine in combination with the optimum propeller (ef-
ficiency) is an iterative process where also commercial considerations (engine
and propeller prices) play an important role.

According to the above approximation, when a required power/speed combina-
tion is known (for example, point Rx1 in Figure 2-1, 5 2-2), such a CMCR line
can be drawn which fulfils the ship power requirement for a constant speed. The
slope of this line depends on the ship characteristics (see coefficient a in Formula
2-1, B 2-3). Any other point on this line represents a new power/speed combina-
tion, e.g. Rx2, and requires a specific propeller adaptation.
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2.4

Determining power/pro-
peller speed relationships

Power range

Propeller curves and operational points

To establish the proper propeller curves, it is necessary to know the ship speed to
power response.

Normally, the curves can be determined by using full-scale trial results from sim-
ilar ships, algorithms developed by maritime research institutes or model tank re-
sults. With this information and by applying the propeller series, the
power/speed relationships can be established and characteristics developed.

The relation between absorbed power and propeller speed for a Fixed Pitch Pro-
peller (FPP) can be approximated by the following cubic relation:

3
r n
Pover  \Memer
Formula 2-2
where:
P = propeller power

/AR = propeller speed
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A

Maximum continuous power
100 P

Continuous service power

Engine power [% CMCR power]

A

LR
Contracted maximum CMCR (Rx) >

continuous rating

v Continuous service rating B 7
Y
SM

y @

Sea trial power 1 Sea trial power A
2 B
L s g B
8 £ 8l x| E
;1 © £ 2 g
N n o n O » -
100 ” 100 g
Ship speed [% service speed] Engine speed [% CMCR rpm]
A Power and ship speed during sea-trials - light running and ideal sea condition
B Ship design point / Continuous service rating
C Recommended point for adaptation of propeller pitch under sea-trial condition
EM Engine margin
LR Light running margin
SM Sea margin
Line 3 Maximum engine speed limit for continuous operation
Line 4 Maximum engine overspeed limit during sea-trials
Line 5 Admissible torque limit
Line 7 Nominal engine characteristic curve
Line 8 Propeller curve with a light running margin SM-0026

Figure 2-2 Propeller curves and operational points

Figure 2-2, B 2-5 outlines the various engine limits, propeller curves and margins
required for the engine optimisation. By incorporating the margins listed below,
the various operational points and, subsequently, the CMCR point can be deter-
mined (see section 2.5 Power range limits, 5 2-7 for detailed descriptions of the
various line limits).

Sea trial power

The sea trial power must be specified. Figure 2-2, E 2-5 shows the sea trial power
to be the power required for reaching service speed (point A) on the propeller
curve with a Light Running (LR) margin (Line 8).

Sea Margin

The Sea Margin (SM) is defined as the increase in power to maintain a given ship
speed achieved in calm weather (point A in Figure 2-2, E 2-5) under average ser-
vice condition (point B). This margin can vary depending on expectations of the
owner and the charterer, as well as on routes, season and schedules of the ship.

The location of reference point A and the magnitude of the SM are part of the
new building contract and are determined between the shipbuilder and the
owner. Typically, the SM is specified in the range of 10%—-25% of the sea trial
power.
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Light Running margin

The Light Running (LR) margin (see Figure 2-2, E 2-5) is added to compensate
for the expected change in speed to relative power, caused by the fouling and the
deterioration of the vessel over time. For a given engine power output, the LR
propeller (Line 8) operates at a certain percentage of higher propeller speed com-
pared to the nominal engine characteristic (Line 7). The LR margin is agreed
upon between the shipyard and the ship owner. The margin depends on the hull
and the propeller cleaning interval, as well as the operation route which affects
the rate of deterioration (e.g. speed, location, shallow water, etc.)

Typically, the LR margin is specified in the range of 4%-7%. However, addi-
tional power/engine speed allowance must be provided for the Power Take-Off
(PTO) installations (see section 2.6 Power range limits with a Power Take-Off in-
stallation for a FPP, & 2-11).

\[0J =88 The shipbuilder has the responsibility to determine a Light Running
margin which must be sufficiently small so that the power range limits
on the right side of the nominal propeller characteristic (Line 7) are
reached under any service condition (see Figure 2-3, 5 2-7).

Continuous Service Rating

The Continuous Service Rating (CSR) is also known as the Nominal Operation
Rating (NOR) or the Nominal Continuous Rating (NCR). Point A represents the
power and propeller speed of a ship operating at contractual service speed in
calm seas with a new clean hull and propeller. On the other hand, the same ship
at the same speed, under service conditions with aged hull and under average
weather conditions, requires a power/speed combination according to point B.
In that case, point B is the CSR point.

Engine Margin

The Engine Margin (EM) is the relative power (in percentage) which remains at
CSR. Most owners specify the contractual ship loaded service speed at 85%—90%
power of the CMCR. Different selections are possible. This remaining power, the
EM (e.g. 10%—-15%), can then be used to catch up with delays in schedule.

This margin is deducted from the CMCR. Thus, the 100 % power line is found by
dividing the power at point B by the selected percentage (e.g. 85%-90%) of CSR
power. The graphic approach to find the level of CMCR is illustrated in Figure
2-2, B 2-5.

Contracted Maximum Continuous Rating

The Contracted Maximum Continuous Rating (CMCR) is also known as the Rx
or the Specified Maximum Continuous Rating (SMCR). The CMCR is the point
obtained by applying the margins (SM and EM) to the propeller curves. The cal-
culated CMCR point can be selected freely within the entire engine rating field.
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2.5

Power range limits

Once an engine is optimised at CMCR (Rx), the working range of the engine is
limited by the border lines, as shown in Figure 2-3, & 2-7.

110

80 ||

Engine power [% Rx]

100 [

9 |

70 H

60 |

I I I I
Breakpoints SpE:(? I[r':/?Rx] P0\52? l[[’]/fo]
PO1 40 20
P04

P02 60 36 (CMCR)
P03 9% 9%

[ P04 (CMCR) 100 100
P05 40 2%
P06 60 40
P07 9% 102.3
P08 1032 110
P09 108 110

50 ||

40 |

20 |

30 |

0 /

0
SM-0323

10 20 30 40 50 60 70 80 90 100 110
Engine speed [% Rx]

Figure 2-3 Power range limits

Line 1

100% Torque Limit

Line 2

Overload Limit

Line 3
Speed Limit

Line 4

Overspeed Limit

Line 5

Engine Operation

Power Limit

Constant MEP or torque line through CMCR from 100% (speed and power)
down to 96% (speed and power).

Available in diesel mode for testbed operation and emergency operation ac-
cording to SOLAS Regulation II-1/3.6. It is a constant MEP line connecting
point P07 (102.3% power and 96% speed) to point P08 (110% power and
103.2% speed). Point P08 is the point of intersection between Line 7 and 110%
power. Overload is not permitted in gas mode. If overload is attempted in gas
mode, then the engine safety system automatically initiates a gas trip to diesel
mode at 102% power.

Maximum speed limit for continuous engine running is set to 104% of CMCR
speed. However, in diesel mode this limit can be extended to 106% (Line 3a) if
Rx speed is reduced (ncopcp S 0.981y,0r), if the specified torsional vibration
limits are not exceeded.

The overspeed range from Line 3 at 104% (or Line 3a at 106 % for selected en-
gines in diesel mode) can extend to an upper speed limit of 108 %. If needed for
demonstration of 100% CMCR power operation during sea trials, operating in
this overspeed range is only permissible in the presence of an authorised engine
builder representative. However, the specified torsional vibration limits must not
be exceeded.

Admissible power limit for engine operation. The line is separated by the break-
points listed in Figure 2-3, 5 2-7.
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Line 6
Transient Operation
Power Limit

Line 7
Nominal Engine
Characteristic

Line 8
LR Propeller Curve

Line 9
CMCR Power

Line 13
110% CMCR Power

Maximum power limit for transient operation, available only in diesel mode.
The line is separated by the breakpoints listed in Figure 2-3, B 2-7.

Nominal engine characteristic curve that passes through the CMCR point is de-
fined by the propeller law:

3
P _ n
Pevicr  \"emcr

Formula 2-3

Propeller curve with a LR margin (typically between 4% and 7%).
The curve is defined by the propeller law with a constant, governed by the se-
lected LR margin (Formula 2-4, 5 2-8).

P n ; 1 3
LR _ . =

Pearer mCMCR 1+ LR
Formula 2-4
where:
Prroccecennnn. = propeller power at selected Light Running margin [kW]
Peyrcr - = CMCR engine power [kW]
Toeeieiinaeenn = selected engine speed [rpm]
NOMCR -+ = CMCR engine speed [rpm]
Coievviien = constant
LR ............ = Light Running margin [%]

Line 9 represents maximum power for continuous operation.

Line 13 represents constant power overload limit, available for testbed operation
and emergency operation according to SOLAS Regulation II-1/3.6.



II!IE X62DF-2.1

Engine Operation
Power Range

Line 5, Line 1 and Line 9 form the curve for the engine operation power range
limit, as defined by Formula 2-5, 5 2-9. Each component is governed by different
coefficients (see Table 2-1, 5 2-9).

Table 2-1  Line 5 coefficients

Line no. Range (n/n¢ycr) C2 C1 Co
Line 5 0.00-0.40 0.000 0.500 0.000
0.40 - 0.60 0.500 0.300 0.000
0.60 - 0.96 1111 -0.067 0.000
Line 1 0.96 - 1.00 0.000 1.000 0.000
Line 9 1.00 - 1.08 0.000 0.000 1.000
s 2
=c2|——| +c1|l——|+co
Pevcr "cymcr " cycr
Formula 2-5
where:
P, = selected engine power [kW]
Peyrer - = CMCR engine power [kW]
Mo, = selected engine speed [rpm]
NCMCR -+ = CMCR engine speed [rpm]

C2/C1/C0 .. = coefficients / constants

The area formed by Line 1, Line 3, Line 5 and Line 9 is the range within which
the engine should be operated.

The area limited by Line 7, Line 9 and Line 3 is recommended for continuous op-
eration.

The area between Line 7 and Line 5 is reserved for acceleration, shallow water
and normal operational flexibility. If a PTO is installed, then the operating char-
acteristics of the engine differ (for further details on PTO characteristics, see sec-
tion 2.6 Power range limits with a Power Take-Off installation for a FPP, B 2-11).
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Overload Power Range

Line 6, Line 2 and Line 13 form the curve for the engine overload power limit, as
defined by Formula 2-5, B 2-9. Each component is governed by different coeffi-
cients (see Table 2-2, 5 2-10).

Table 2-2  Line 6 coefficients

Line no. Range (n/n¢cycr) C2 C1 co
Line 6 0.00 - 0.40 0.000 0.600 0.000
0.40-0.60 0.330 0.468 0.000
0.60 - 0.96 1.110 0.000 0.000
Line 2 0.96 - 1.032 0.000 1.066 0.000
Line 13 1.032-1.08 0.000 0.000 1.100

The area above Line 1 and Line 9 is the overload range. It is only permissible to
operate engines in this range for a maximum duration of one hour during sea
trials and in the presence of an authorised engine builder representative.

The area between Line 1, Line 5 and Line 6 (Figure 2-3, B 2-7), called ‘service
range with operational time limit’, is only applicable to transient conditions in
diesel mode (i.e. passing through a Barred Speed Range (BSR), sea trial or emer-
gency fast acceleration). The engine can only be operated in this area for limited
periods of time, in particular 1 hour per 24 hours.
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2.6

PTO considerations

CMCR - Method 1

Power range limits with a Power Take-Off installa-
tion for a FPP

A main engine-driven generator is named a Power Take-Off (PTO), as its driving
power is provided by the main engine. The addition of the PTO installation alters
the working range and operating characteristics of the engine. Two methods of
incorporating the PTO are outlined in the following sections. WinGD recom-
mends to follow Method 1.

* PTO is used for generating the navigation electric power.
* PTO is connected with a frequency converter system.
* PTO is not engaged in heavy sea conditions.

*  Mechanical power absorption of the PTO must be considered.

Method 1 of the PTO incorporation

This first method considers the PTO as an addition to the previously defined pro-
peller power requirements, thus, increasing the CMCR of the engine.

100
EM
90
80 PTO
= 70
o SM
2 60
5}
S
a 50
[0)
C
2
G 40
30
20 r
10
0
40 50 60 70 80 90 100 110
Engine speed [% Rx]
(Line 7) = Nominal engine characteristic Point A = Light running in ideal sea conditions (sea trial)

(Line 7a) = Nominal propeller characteristic without PTO Point B = CSR
(Line 7b) = Nominal propeller characteristic with PTO Point B’ = Continuous service without PTO power

SM-0029

Figure 2-4 Power range diagram of an engine with the PTO

Line 7a in Figure 2-4, E 2-11 shows the power required for the propeller, where
Line 7b shows the power needed for the propeller combined with a constant
power requirement from the PTO.
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With the addition of a constant nominal generator power across the engine
power range, the engine curve is changed, thus, no longer directly related to a
propeller characteristic. As shown in Figure 2-4, 5 2-11, the PTO is assumed to
absorb 15% of nominal engine power. The CSR point includes the PTO power
demand, this is shown in the same figure between points B’ and B. The CMCR
point is selected from this propeller curve. This curve defines the nominal engine
characteristic.

Method 1 allows for practical and flexible PTO operation, as limitations only
occur in the engine lower speed range. At this lower speed range, the PTO is lim-
ited by a minimum speed requirement (as defined by the PTO device supplier)
and by the PTO layout limit Line 10 (only relevant if the PTO operation is using
a significant percentage of engine power).

Line 10 The PTO layout limit (Line 10 in Figure 2-5, 5 2-12) defines the power limit for
PTO Layout Limit the resulting combination of the propeller and PTO. Defining Line 10 as the
PTO layout limit provides a margin for normal power load fluctuation and accel-
eration.
1o \ \ \ \ \
- . Engine Engine
100 || Breakpoints | oo d[%Rx] | Power [%Rx]
" | Po4 (CMCR) 100 100 P12
%0 | P10 40 13.2
8o F P11 60 28.8
g P12 96 92.2
g 70|
§ -
5 60
: 0
g I
o) 50
£ N
jo2] [
& 40 | S
B limitation
30 |
20 |
- PTO operation
10 | range (Method 1)
0 :/
0 10 20 30 40 50 60 70 80 ) 100 110

SM-0351 Engine speed [% Rx]

Figure 2-5 Power range limits for the PTO operation — Method 1

The breakpoints of Line 10 are listed in Figure 2-5, B 2-12. Line 10 is a curve de-
fined by Formula 2-5, E 2-9. The different components have a different coeffi-
cient, forming the entire curve (see Table 2-3, 2-12 for the individual

coefficients).
Table 2-3  Line 10 coefficients
Line no. Range (n/n¢ycr) C2 C1 Co
Line 10 0.40-0.60 0.750 0.030 0.000
0.60 - 0.96 1.336 -0.321 0.000
0.96 - 1.00 0.000 1.941 -0.941
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Method 2 of the PTO incorporation

CMCR - Method 2 With this second method, the engine CMCR is determined by the propeller

power only. The PTO uses the available engine power which is not absorbed by
the propeller.

As shown in Figure 2-6, B 2-13, the available power for the PTO application is
between Line 8 and Line 10. Thus, the available PTO power depends on the
available LR margin at the current time.

When considering this method, a LR margin of approximately 8% is recom-
mended.

1oy | | | | |
) Engine Engine
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g I
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SM-0350 Engine speed [% Rx]

Figure 2-6 Power range limits for the PTO operation — Method 2

The PTO power must be controlled by the ship power management system,
which ensures that the engine operating point does not exceed Line 10.

Further information The following disadvantages must be observed for Method 2:

*  With the reduction of the LR margin (as a consequence of the ageing hull
and propeller) the available PTO power is reduced and must be limited by
the ship power management system.

» The PTO is typically engaged in approximately 40%-96.5% of engine
speed. The final lower limit must be defined with the supplier of the gener-
ator. The final upper limit must be set to the project-related CSR engine
speed.

If the requested PTO power is higher than the limits defined by Method 2, an in-
crease in CMCR power is necessary.
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2.7 Prohibited operation area

Within the higher speed range of the engine there is a prohibited operation area
defined by a minimum engine power requirement. During normal operation, in-
cluding Controllable Pitch Propeller (CPP) at zero pitch operation, the engine
does not enter this prohibited area. However, if the propeller is disconnected
from the engine, the engine would be capable of entering the prohibited opera-
tion area, which is strictly forbidden (see section 4.14.6 PTO testing, & 4-131).
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