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Possibility for different operation modes
Optimal combustion at all operation speeds and loads
Reduced part load fuel consumption
Smokeless operation at all operation speeds
Reduced cylinder lubricating oil comsumption
Easy adaptation to different fuel

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

Improved engine acceleration

?N The ME engine type

ﬁ‘l“.l - the electronically controlled engine

Engine Control
System
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L:I 'N First ME-engine in operation:
a{‘ﬁ . » December 2003
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May 2005 12 engines in operation

Principle diagram for
electonicfuelinjecion
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Fuel Oil Injection

Phase 1
1. The pistonsmove to the bottom paosition
2. Thefuelinlet is open

. Hydradic dl leaves the hydraulic dl chambe
via the ELFlvave

+  Theaccunuldas are supplied by the

Hydrauic PowerS uppy. The pressuri sed
hydrauic oilis held back bythe clesed ELFI
valve.

Urpressurised fud oil

Pr @surised fil oil

Urpr essurised hyraulic of
W Pressuised tydraulic dl

Fuel Oil Injection

5. TheELFlvalve is activated u pwardss, closing
the et um flow an d op ening for the flow of
pressurised hydra lic oil. The oil passe s
throug hthe ELFI valve and fills t he h ydrau lic
chamber.

6. Thehighpressure forces the pistons upwards.

7. Thefueloilinlet is closed.

8 Thepressureon the fuel oil rises and e xceeds
the force of the s piing inthe cylinder's fuel
injectbnvave.

Urpressurised fud oil
Prsuised fiel ol
Urpressurised hydraulic ol

W P ssurised lydraulic ol
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Hydra ulic
push rod

Exhaus tvalve,

Actuator \

ELVA

on-off valve\

To drain
Highpressure hydrauicoil -inlet

Exhaus tva lve

Hydraulic Cylinder Unit (HCU)

Fuel Oil Pressure
Booster

Lubeolhkto engie 1
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Hydraulic Cylinder Unit (HCU)
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Electri cally driven I
startuppumps 101

Lubeolnkto enghe
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Hydraulic System on the ME Engine

Fuel Injection Profiles

7S50ME-C 75 % Load

Injection Profiles
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Exhaust val ve timing L 1 0

Exhaust valve movement

'H Engine Control System
.:r" Control functions
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Engine Control | Electronically profiled injection

80 System Exhaust valve actuation
70 \l 1'[ 1‘1 Governor function
60 II, ||| ll, Turbocharger by-pass
|=—Early closing P

50 .ll -ll 1 | Loto closing Auxiliary blowers

E 40 [=Early opening Starting air valves
° 1 I : ,

T 1] — Reforence tart and Reversing sequences
20 \ 1..[\ Cylinder lubrication
10 Hydraulic power supply
' AL
EY 19 210 230 250 270 290
Dg. C.A.
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= The ME-engine: Introduction to computer control of the
engine combustion proces

= The Engine Control System:

Principles and safety features
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Users:

- Operaas

-Engreers Control
- Sewvice engneers system
- Pefarmance engineers
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ME Engine Control System
Main principles

MainRequirment

« The engne and thereby the Engne Cortrol
System must have a very high availability.
Ore failure must rot stop the engire.

Centralsdutions

« The functiondity of the cortrol systemis
distributed between a number of
auonomous contrd wnits.

* Redwndancy o functionality is cbtaired by
duwplication and by divisi on on muiti pe
untswaorking in parallel.

« Communication beiween contol units is
done though a doube redundart retwark.

« The contrd systemis supplied by two
independert pover supplies.

+ Essentialsensors and actuators are
dwlicated (at least).

Engine Control System
Actual configuration iy
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PAEL
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HYDRAULIC PONERSUPPLY wawey
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H Basic Electronic System
i » Hardware Components
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Basic
Electronic
System

HW

Main Operating Panels

Control Network

Multi Purpos|
Controllers MPC MPC MPC MPC | .,

communication

1o 110 1o 1o (cantron)

Multi Purpose Controller (MPC)

bvars
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Bl Hardware developed in-house:

Motorola 68332 CPUwith Time Proces sing Unit
(Automobil e industry CPU with fadlities for determinati on of|
crankshaft posifion — programmable in Micro Code)
Program stored in FlashPROMs

B Software:
RTXC pre-emptive real time operating system
Basic Electronic System Software platform
Imdementedin C++
Application Software
Imdemented in C++ and Micro Code

B Control Network:
Media accesslayers based on ArcNetstandard
Transport layers of protocol based on EU: ATOMOS project
Application layers of protocol are of subsidiary design

Multi Purpose Controller

H Multi Purpose Controller (MPC)
1 5 Software Components

A
B Contrd Network
Otner Computer
Pouet |-re:| I- Ewl;ment
P
M‘" e C p"'""“"l Seral Protocole Sycem] [ Conto!
Abm b | Clook Network
hand Ing protocol
— (ser vices)
Variable B
handIng Application Sevics

Functionality

Parar
hand Ing
Sensor- Actuato r APl
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Main Operating Panel
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Type approved PC
« Touch screen operation
PCI Control N etwork board

* In-housedeveloped

 Includes hardware watchdog

- 'N Main Operating Panel (MOP)
= Software Components

Application -CutoutIsts
| Pictures

1
- | | ) | Aam Handing
| Graphic I :ém::;‘
— |

Corirol

l Detiled alamn nfo il

Network @

aser | L

+ Software: . o)
* Windows 2000
N . . Input / output Mu:;.ﬁgose Aericaton) | Parameter
« Applicationsoftware implementedin C++ ched and test Cotroler backup || Pack P H i
and graphics in Borland C++ Builder
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Basic Electronic System

System Supervision and Self-test  fpamps

The system supervision checks that:
« Each unit is responding

« Each unit can bereached on both Control Network lines

« Theapplication is executed in each unit

Supervision ineach control unit:
* Testof memory and SW integrity during startup of unit

« Signaland cable supervision as far as possible
« Supervision of each power section ofthe unit

* Non-proper SW execution => Shutdown - fail safe state

] 'N Basic Electronic System —
E'li‘l . » Computer shutdown - fail-safe state fpamm
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Shutdown / fail-safe state will be entered caused by:

* Watchdog time-out
* HW watchdog supervises SW watchd og
* SWwatchdog supenises ime scheduleof critical tasks

* HW exceptions, e.g. illegal instructions

* SWexceptions, e.g. failure situations, w hich
handling is notimplemented in the SW

* Power failure

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

S e Dms | T T

S e bws | T T




ME Engine Control System
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= The ME-engine: Introduction to computer cortrol of the
engine combustion proces

= The Engine Control System:
Principles and safety features

= Integration of the ME-engine to the ship systems

I ‘.'N Engine Control System

- T,
ﬁ'l“.' environment

A
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Power Engine
manag ament performance
m?zg‘x: system an d diag nosis:
" CoCoS and
System PMi o nline

Remotes ervice «
. Vviasatellite .

Various
- Engne Cortrol info mma tion
- clients:
Engine safety System N
Mainten ance
- system
' etc.
.
-
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'N Main Operating Panel

a.{ . 5 Alarm System, Alarm List
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Chid offce PC otfer offcePCs

Offiee PC in ECR

Shipalam ard CoCoS
catrolsstem MOPA MOPB PMionihe

ﬁ

L E1 0

"N System interconnection

&I 3 - PC-network with safety precautions

MAN B&W Diesd

otfer offeeP C's

Shipalam ard CoCoS

carolsistem PMlonine Office PC in ECR
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= Life-cycle activities:

= Update of SW

ME Engine Control System

= The Engine Control System:
Principles and safety features

= Mainte nance and frou ble shooting

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

= Integration of the ME-engine to the ship systems

TR
Life-cycle activities: e
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.

=|t must be avoided that trouble-shodting introduces
additional failures.
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TR
L Repair Philosophy
- ’Repair by replace ment’

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

« Back-up of application SW and
adjustment parameters is storedin the
Main Operating Panel(s), and is loaded
via the Contro|Network
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[Tum offthe power
fromth e de fective
MPC

1

Removeall
connectors for

extemal cable s

Exchange of Multi Purpose Controller  fpyme

Plug-n the netwo fk
addres s IDkey
plug and res tore all
cablng

Removethe
ne twork a ddr ess
1Dk ey plug
(itistied by awre to
the box d the MPQ)

1

Removethe

de fective MPC and

nsta ll aspare MPC|
unt

| —
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Tum on the power
to thenew MPC

Uring sta ftu p, the MPC will Jownload the cor ect a ppicatio n soft ware 1
andthe latest parame ter data from the MOP u nits, an d au tom atic sta rt
exe cuting the applica tion after the d ownloadis fin & hed.

Du ng the procedure that will tale some mindes, the LED of the MPCwillblinkand
lchangeco\orsevs altimes to ndicate adivity. |

—_— - —— — — —
Verify that the r epla ced M FC &

indicated as running in th e system
ove rview screen onthe MOP

ME Engine Control System

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

= The Engine Control System:
Principles and safety features

= Integration of the ME-engine to the shipsystems
= Life-cycle activities:
= Maintenance and frou ble shooting

= Update of SW

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

The software and— not least — the st
is under on-going evolutionary development

Software update

is built as an
off-the-shelf
product

Development Project
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UnitTest

Software module test

Scope: Software modules executed in test stubs and simulation

envionment on PC

Specificatio n: T est stubs defined by the developer. Test stubs and results
are configuration controlled, maintained and used for
regression test

Who: Software developer
3 -
- |- <
ol -

Cvneawbes |

Test automation:

Compiler
The compilation of source code must notcause warnings.
In caseit is unavoidable in a sp ecfic mod ule, the specific
warning is explicitly suppressed inthis module

Scripls: Runs the tests stubs and compares the results
with previous stored results

PClint: static source code analysis: Strict type ch ecking,
syntax checking etc.

Cod eguard: Boundary checks,memory leaks
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Sub-system Test

Network node software test
Soope: Assembled sdftware for the network node executed in
simulation environment on PC
Specification: Simulated environment defined by the developer. Simulated
envionment and previous results are configuration controlled,
mairtained and used for regression test

Position control model

Who: Software developer
|F- PD
control
3 _
- I____
el -
L
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- Valve controlsin ulaton Sub-system Test
VAN B&W Disd
. ELFIpild spal pasition
Requeste d > Network node test
Position profile ‘Measured emor Scope: Software in Control unit with /O and network in laboratory
I Specificaion: Network node: Test environment defined by the developer.
E Test stubs and results are configuration cortrolled,
| \ LYDT pos. feedback mairntained and used for regression test
- oL T T T T T Levefudna Who: Software developer

I . Smallfud ndec

| ~ P

I "y  easured err Measured error gives changesto earlier curent valie

< | i I
=T E 3 =
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g L] . {'l'.
B ELA Cament - [
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msec Tie
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Integration & System test (step A)

Soope: All control units with network and V/O’s conrected to simulator
Specificaion: System test specification
Who: Software developer(s) and person resporsible for test

System Test

System test (step B)

Soope: Control system etc. on the research engine
Specification: System test specification & test programs for ‘T ype approval
test’and ‘Engine delivery test’
Who: Software developer(s) and personresporsible for test
T -
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Delivery of Engine

Soope: Engine
Specificaion: Engine Delivery Test specification

Who: Engine builder,Owner and Classification Sod ety

Comm Bsbning & Delivery Test

Comm Bsbning & Delivery Test

Delivery of Engine

Soope: Actual engine in the ship propulsion plant
Specification: Sea trial test specification
Who: Engine builder,Owner and Classification Sod ety
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