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Easy adaptation to different fuelEasy adaptation to different fuel

Lower dead slow running and slow steaming,
down to 10% rpm L1

Lower dead slow running and slow steaming,
down to 10% rpm L1

Optimal combustion at all operation speeds and loadsOptimal combustion at all operation speeds and loads

Improved engine accelerationImproved engine acceleration

The ME-engine essentialsThe ME-engine essentials
- Why?- Why?

Possibility for different operation modesPossibility for different operation modes

Reduced part load fuel consumptionReduced part load fuel consumption

Smokeless operation at all operation speedsSmokeless operation at all operation speeds

Reduced cylinder lubricating oil comsumption Reduced cylinder lubricating oil comsumption 
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The ME engine type
- the electronically controlled engine

Engine Control
System
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First ME-engine in operation:
December 2003

May 2005: 12 engines in operatio n
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1. The pistons move to the bottom position.
2. The fuel inlet  is open.

• Hydraulic oil  leaves the hydraulic oil chamber
via the ELFI valve.

• The accumulators are supplied by the
Hydraulic Power Supply. The pressuri sed
hydraulic oil is held back by the c losed ELFI
valve.

Unpr essurised fuel oil
Pr essurised fuel oil
Unpr essurised hydraulic oil
Pr essurised hydraulic oil

ELF I

Phase 1

Fuel Oil Injection
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5. Th e ELF I valve is activat ed u pward s, closin g
the  ret urn  flow an d op ening  for  the flow of
pr essur ised h ydra ulic oil. T he o il passe s
thr oug h the  ELFI  valve a nd fills t he h ydrau lic
cha mbe r.

6. Th e hig h pr essur e for ces th e pist ons u pward s.

7. Th e fu el oil inlet  is closed .

8. Th e pr essur e on  the  fuel o il rises a nd e xceed s
the  for ce of the s pring  in the  cylinde r’s fu el
inject io n va lve .

Unpr essurised fuel oil
Pr essurised fuel oil
Unpr essurised hydraulic oil
Pr essurised hydraulic oil

Phase 2

ELF I
Valve

Fuel Oil Injection

MAN  B&W Dies el

© MAN  B&W Dies el  

ELVAELVA
on -o ff  valv eon -o ff  valv e

Exh aus t va lveExh aus t va lve
Act uat orAct uat or

Exh aus t va lveExh aus t va lve

To  dTo  d ra inra in
Hig h p re ssu reHig h p re ssu re   hyd raul ic o ilhyd raul ic o il -  - i nle ti nle t

Me mb ra neMe mb ra ne
ac cumul ato rac cumul ato r

Hyd ra ulicHyd ra ulic
pu sh  rodpu sh  rod

7S50 ME-C7S50 ME-C

S50ME-C S50ME-C Exhaust Exhaust VValvealve  SSystemystem
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Hydraulic System on the ME Engine

Lube oil Lube oil ininlet to enginelet to engine

HydraulicHydraulic Cylinder Unit (HCU) Cylinder Unit (HCU)

Fu elFu el  OilOil  Pressu rePressu re
Boo st erBoo st er

Exh aus t Valv eExh aus t Valv e
Act uat orAct uat orNC Valv eNC Valv e

FI VAFI VA

Acc umula torAcc umula tor
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Hydraulic System on the ME Engine

Lube oil Lube oil ininlet to enginelet to engine

HydraulicHydraulic Cylinder Unit (HCU) Cylinder Unit (HCU)

Step -u pStep -u p
ge arge ar

Byp assByp ass
fil terfil ter

Ma inMa in
fil terfil ter

Eng ine  dr iveEng ine  dr ive nn
pu mpspu mps

Elect ri cally  dr ive nElect ri cally  dr ive n
st art-u p p ump sst art-u p p ump s
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Exhaust valve movement
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Late  closing
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Late  ope ning
Refer enc e

ExhaustExhaust  valvevalve timing timing
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ElectronicElectronicallyally  profile profiledd injection injection
EExhaustxhaust valve actuation valve actuation
GGovernorovernor function function
Turbocharger by- passTurbocharger by- pass
AAuxiliaryuxiliary blowers blowers
Starting air valvesStarting air valves
SStart and tart and RReversingeversing sequences sequences
Cylinder lubricationCylinder lubrication
Hydraulic power supplyHydraulic power supply

Engine Control System
Control functions

Engine Control
System
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ME Engine Control System
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HMI

Control
system

Users:
- Operators
- Engi neers
- Service engineers
- Performance  engineers

ME Engine Control system
Context
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Cylinder 
Control 
Units

Engine
Control
Units

Engine Control System

to Bridge

ECU ECU

CCUCCUCCUCCU

HMI

Control
Network

Crankshaft
measurement

HMI

Main Requirement
• The engine and thereby the Engine Cont rol

System must have a very high availabilit y.
One failure must  not stop the engine.

Central solutions
• The funct ionali ty of the control system is

distributed between a number of
autonomous control units.

• Redundancy of  functionality is obtained by
duplication and by divisi on on multi ple
units working in parallel.

• Communication between control units is
done through a double redundant network.

• The control system is supplied by two
independent  power supplies.

• Essential sensors and actuators are
duplicated (at least).

ME Engine Control System
Main principles
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Engine Control System
Actual configuration
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BridgeBridge

En gine Con trol RoomEn gine Con trol Room

En gine Roo m/On Engin eEn gine Roo m/On Engin e

Main
Operating

Panel PC
Control Room

Panel

BACK -UP FOR  M OP

Bridge
Panel

ACU CCU

ECU A

EICU A

Auxiliaries Con trol Unit 1, 2 and 3

En gine Interf ace Control Un it A and  B

ECU B

Cylin ders Contro l Unit 1 p er  cylinder

EICU B

En gine Con trol Unit A and B

Local
Operation

Panel

Control Network

Engine Control SystemEngine Control System
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Engine Control SystemEngine Control System

BridgeBridge

En gine Con trol RoomEn gine Con trol Room

En gine Roo m/On Engin eEn gine Roo m/On Engin e

Main
Operating

Panel
PC

Control Room
Panel

BACK -UP FOR  M OP

Bridge
Panel

Local
Operation

Panel

Control Network

MP CMP C MP CMP C

MP CMP C MP CMP C

MP CMP C MP CMP C

LOPLOP
Multi-PurposeMulti-Purpose  C ontrollerC ontroller
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Control Network

Multi Purpose 
Controllers

E x t e r n a l  
( c o n t r o l )  
s y s t e m

Main Operating Panels

C

C

S e r i a l  
c o m m u n i c a t i o n

MPC

I / O I / O

MPC

I / O

MPC

I / O

MPC

Basic
Electronic
System

HW

Basic Electronic System
Hardware Components
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Multi Purpose Controller (MPC)
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Hardware developed in-house:Hardware developed in-house:
Motorola 68332 CPU with Time Processing UnitMotorola 68332 CPU with Time Processing Unit
(Automobile industry CPU wi th faci lities for determination of
crankshaft posi tion – programmable in Micro Code)
(Automobile industry CPU wi th faci lities for determination of
crankshaft posi tion – programmable in Micro Code)

Control Network:Control Network:

RTXC pre-emptive real time operating systemRTXC pre-emptive real time operating system
Software:Software:

Basic Electronic System Software platformBasic Electronic System Software platform

Application SoftwareApplication Software
Implemented in C++Implemented in C++

Implemented in C++ and Micro CodeImplemented in C++ and Micro Code

Multi Purpose Controller

Media access layers based on ArcNet standardMedia access layers based on ArcNet standard
Transport layers of protocol based on EU: ATOMOS projectTransport layers of protocol based on EU: ATOMOS project
Application layers of protocol are of subsidiary designApplication layers of protocol are of subsidiary design

Program stored in Flash-PROMsProgram stored in Flash-PROMs
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MultiMulti  PurposePurpose  ControllerController (MPC) (MPC)
Software Software ComponentsComponents

A
B

Oth er Compu ter
Equ ipmen tPower

A B

Power

Service
Te rminal

Sensor- Actuato r API

Contro l
Network
pro tocol

(ser vices)

Appl ication
Functional ity

Serial Protocole Syst em
ClockAla rm

hand lin g

Parame ter
hand lin g

Variable
hand lin g

Mu lti Purp ose Co ntroller

XV X

Control  Network
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Main Operating Panel (MOP)
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Main Operating Panel
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• Type approved PC

• Touch screen operation

• PCI Control Network board

• In-house developed

• Includes hardware watchdog

• Software:
• Windows 2000
• Application software implemented in C++

and graphics in Borland C++ Builder

Main Operating Panel
MAN  B&W Dies el
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Main Operating  Panel

Contr ol
Network
protocole
(services)

Alarm Handling
- Alarm list
- Event list
- Cut-out lists

Detailed alarm info

Graphic
Appl icat ion

P ictures

Parameter
back- up

Application
SW

back- up

Load of
Complex

Contr ollers
Input / output
check and test

SW
configur ation

display pr otoco l

Load of
Multi Purpose

Contr oller

System
Clock

Main Operating Panel (MOP)
Software Components
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The system supervision checks that:

• Each unit is responding

• Each unit can be reac hed on both Contro l Network lines

• The application is executed in each unit

Supervision in each cont rol un it:

• Test o f memory and S W integrity during star t- up of un it

• Signal and c able supervis ion as far as possible

• Supervision of each power section of the uni t

• Non-proper SW ex ecution => Shutdown - fai l safe sta te

Basic Electronic System
System Supervision and Self-test
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Shutdown / fail-safe state will be entered caused by:

• Watchdog time-out
• HW watchdog supervises SW watchdog
• SW watchdog supervises time schedule of critical  tasks

• HW exceptions, e.g. illegal instructions

• SW exceptions, e.g. failure situations, which
handling is not implemented in the SW

• Power failure

All outputs enters a state equal to
power-off state.

Basic Electronic System
Computer shutdown - fail-safe state
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ME Engine Control System

The ME-engine: Introduction to computer control of the
engine combustion proces

The Engine Control System:
Principles and safety features

Integration of the ME-engine to the ship systems
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Maintenance and trouble shooting

Update of SW

The Engine Control System as an off- the-shelf product
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Engine Control System
environment

Engine Cont rol
System

Rem ote
ma noe uvring

syste m

Engine  safe ty
syste m

Ship a larm  and
con trol sy stem

Engine
pe rfor man ce

an d diag nosis:
CoCoS a nd
PMI o nline

Power
ma nag emen t

syste m

Vario us
info rma tion

client s:
Ma inten ance

etc.

Rem ote s ervice
via sa tellite

Ma ster  clock

MAN  B&W Dies el

© MAN  B&W Dies el  

Main Operating Panel
Alarm System, Alarm List
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Alarm Channels
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Alarm
Router
    A
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Service 
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HMI B

HMI A
MBD system
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Central 
Alarm
Router
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Power 
failure

Power 
failure

Alarm Handling - Sub-alarm System
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System interconnection
- PC network - the ’easy’ way
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System interconnection
- PC-network with safety precautions
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Life-cycle activities:
Trouble-shooting and repair

Consequences of the ’single failure principle’:

In a duplicated system must failures be remedied
rather fast
– in theory within an infinitively short period.

It must be avoided that trouble-shooting introduces
additional failures.
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MOP I/O test
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MOP I/O test
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MOP I/O test
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ID-key o n M PC

Repair Philosophy
- ’Repair by replacement’

• The function and location of
Multi Purpose Controllers
are identified by an ID-key plug

• Back-up of appl ication SW and
adjustment parameters is stored in the
Main Operating Panel (s), and is loaded
via the Contro l Network
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Dur ing sta rtu p, the  MPC will do wnload  the corr ect a pplicatio n soft ware
an d the  latest  par ame ter data from  the  MOP u nits, an d au tom atic sta rt
exe cuting  the applica tion a fter the d ownloa d is fin is hed.
Dur ing the procedure that will take some minutes, the LED of the MPC will blink and
change color sever al times to indicate activity.

Exchange of Multi Purpose ControllerExchange of Multi Purpose Controller

Tu rn off th e po wer
fro m th e de fective

MPC

Rem ove a ll
con necto rs fo r
exte rna l cable s

Rem ove t he
ne twork a ddr ess

ID-k ey plug
(it is tied by a wire to
the box of the MPC)

Rem ove t he
de fective MPC and
insta ll a spa re M PC

un it

Plug- in  the  netwo rk
ad dres s ID-ke y

plug  and  res tore  all
cab lin g

Tu rn on th e po wer
to the n ew MPC

Verify that the r epla ced M PC is
indica ted as ru nning  in th e syste m

ove rview scr een  on t he M OP
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ME Engine Control System

The ME-engine: Introduction to computer control of the
engine combustion proces

The Engine Control System:
Principles and safety features

Integration of the ME-engine to the ship systems
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Maintenance and trouble shooting

Update of SW

The Engine Control System as an off- the-shelf product
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Software update

ME Engine Control System

The Engine Control System
is built as an
off- the-shelf

product

The software and – not least – the test
is under on-going evolutionary development
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Development Development ProjectProject
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Unit TestUnit Test

Software module testSoftware module test
Sco pe:Sco pe: Software modules executed in test stubs and simulat ionSoftware modules executed in test stubs and simulat ion

environm ent on PCenvironm ent on PC
Specificatio n:Specificatio n:T est  stubs defi ned by the developer. Test stubs and resultsT est  stubs defi ned by the developer. Test stubs and results

are configuration cont rolled, maintained and used forare configuration cont rolled, maintained and used for
regression testregression test

Who:Who: Software developerSoftware developer
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Test automation:

Compiler
The compilation  of so urce cod e must no t cause warn ing s.

In case it is unavoidable in  a sp eci fic mod ule,  the specific
warn ing  is explicitly supp ressed  in this module

Scripts: Runs the tests stu bs and  compares the results
wi th  previous stor ed  resul ts

PClint: Static so urce cod e analysis: S tr ict type ch ecking,
syntax checking etc.

Codeguard: Bo undary checks, memory leaks

TestsTests
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Network node software testNetwork node software test
Scope:Scope: Assembl edAssembl ed sof tware for  sof tware for thethe  networknetwork node  node executedexecuted in in

simulat ion environment on PCsimulat ion environment on PC
Specif icat ion:Specif icat ion: S imulated S imulated environmentenvironment defined by the developer. Sim ulated defined by the developer. Sim ulated

environm ent and previous results are confi gurat ion controlled,environm ent and previous results are confi gurat ion controlled,
mai ntained and used for regression testmai ntained and used for regression test

Who:Who: Software developerSoftware developer

Sub-system  TestSub-system  Test
MAN  B&W Dies el
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Linear Motor
Actual position

Requested
posi tion (table)

Requested
current (table)

Current outPD
control

+ +

LVDT

–:

Linear
Mo to r

+

Position Position controlcontrol model model
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ValveValve  controlcontrol sim ulation sim ulation

Large fuel  indexLarge fuel  index

ELFI ELFI CurrentCurrent

AdaptationAdaptation

ms ecms ec Tim eTim e

ELFI pilot spool positionELFI pilot spool position

Adaptation contributionAdaptation contribution

mmmm

Smal l fuel  indexSmal l fuel  index

AA

Req ueste d

Position  pro file

LVDT pos. feedback

Measured error

Measured error gives changes to earlier current value
Measured error

Actual cur rent

Requested current
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Network node testNetwork node test
Scope:Scope: Software in Control unit Software in Control unit wi thwi th I/O  and  I/O  and networknetwork in  in laboratorylaboratory
Specif icat ion:Specif icat ion: Network node: Network node: Test Test environmentenvironment  defi ned by the developer. defi ned by the developer.

Test stubs and resul ts are configurati on cont rolled,Test stubs and resul ts are configurati on cont rolled,
mai ntained and used for regression testmai ntained and used for regression test

Who:Who: Software developerSoftware developer

Sub-systemSub-system  Test Test
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Integration & System test (step A)Integration & System test (step A)
Scope:Scope: A ll A ll cont rolcont rol units  units wi thwi th  networknetwork and I/O’s  and I/O’s connectedconnected to si mulator to si mulator
Specif icat ion:Specif icat ion: System  test  System  test  specificati onspecificati on
Who:Who: Software developer(s) and person Software developer(s) and person responsibleresponsible for test for test

Integration & System  TestIntegration & System  Test
MAN  B&W Dies el
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System test (step B)System test (step B)

System  TestSystem  Test

Scope:Scope: Control system  etc.  on the research engineControl system  etc.  on the research engine
Specif icat ion:Specif icat ion: System  test  System  test  specificati onspecificati on & t & testest program s for ‘T ype approval program s for ‘T ype approval

test ’ and ‘ Engine del ivery test ’test ’ and ‘ Engine del ivery test ’
Who:Who: Software developer(s) and person responsible for testSoftware developer(s) and person responsible for test
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Com m issioning & Delivery TestCom m issioning & Delivery Test

Scope:Scope:  Engine Engine
Specif icat ion:Specif icat ion:  Engine Del ivery Test  specif ication Engine Del ivery Test  specif ication
Who:Who:  Engine builder, O wner and Classif icat ion Soci ety Engine builder, O wner and Classif icat ion Soci ety

DeliveryDelivery  ofof Engine Engine
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Com m issioning & Delivery TestCom m issioning & Delivery Test

Scope:Scope:   Actual engine in the ship propuls ion plantActual engine in the ship propuls ion plant
Specif icat ion:Specif icat ion:  S Seaea  trialtrial test  test specifi cat ionspecifi cat ion
Who:Who:  Engine builder, O wner and Classif icat ion Soci ety Engine builder, O wner and Classif icat ion Soci ety

DeliveryDelivery  ofof Engine Engine
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Thank you for

your attention!

Thank you for

your attention!

MAN B&W Diesel A/SMAN B&W Diesel A/S


