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Learning objectives

Upon completion of this module you ...

— will be able to recognize the various components in
the system.

— will be able to explain the build up of the control
system.
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ME engine introduction

Engine type designation

MAN Energy Solutions MAN PrimeServ

8S70ME-C10.5-GIl-EcoEGR

_(blank)
ECOEGR
Tler Il technology ——— EE:?:
HPSCR
|LPSCR

(blank)
Fuel Injection concept — g

GIE
LGIM
LGIP

Dot (.) number

Mark number

ME-C
Engine concept 4[}15—3

Diameter of cylinder bore In cm

Stroke/bore ratio 4@'

Number of cylinders

Tier Il only

EGR in Tier Il and Tier Il mode
EGR with bypass matching
EGR with TC cut-out matching
High-pressure SCR
Low-pressure SCR

Fuel oil only

Gas injection methane

Gas injection ethane

Liquid gas injection methanol
Liquid gas injection LPG

Electronically controlled
Exhaust valve controlled by camshaft

‘Green’ ultra long stroke
Super long stroke
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ME engine introduction
(S)ECA, Sulphur limits

& Global

Sulfur, %
N
o

2 SOx ECA

2000 2005 2010 2015 2020 2025
Year

S% in fuel: outside ECA 2020: 0,5%; inside of ECA 2015: 0,10%
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ME engine introduction
ECA, NOy limits

20

18 -

n<130rpm = 17.0g/kWh

< 12 - 1305 n <2000 rpm > 45x n2 g/kWh
E Tier Il (Global) n22000 rpm > 9.8g/kWh
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2

n<130rpm = 14.4g/kWh
6 - 1305 n <2000 rpm = 44x n?23 g/kWh
nz 2000 rpm = 7.7 g/kWh

4
Tier Il (NOx Emission Control Areas)
2
80% reduction of Tier I
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Rated engine speed (rpm)
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ME engine introduction

Tier Il solutions

In order to comply with Tier Ill regulations, vessels
have to be fitted with equipment / systems that actively
can reduce the amount of NOx in the emissions.

Such equipment could be:
Selective Catalytic Reduction (SCR)
Exhaust Gas Recirculation (EGR)

Water in fuel

MAN Energy Solutions MAN PrimeServ
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ME engine introduction
MAN - ES technologies

Tier Il compliance for MAN two — stroke engines

SCR
On engine High pressure Low pressure
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ME engine introduction

Development of the ME engine

1991 Start of intelligent engine project
1993  4T50MX equipped with electronic engine control equipment
1997  4T50MX with 2nd generation control equipment

1997/98 Design - Production - Installation of mechanical / hydraulic
components for service test on M/ T "Bow Cecil"

1997/98 Design and implementation of governor functionality and service
test onboard "Shanghai Express”

1998/'00 Design - Production - Test - Installation of engine control
system on M/ T "Bow Cecil”

2000 Start of service test on M/ T "Bow Cecil”
2003 First production engine
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ME engine introduction
FromMC -Cto ME-C

— Fully integrated electronic control

— Low SFOC

— Superior performance parameters

— Appropriate fuel injection pressure and rate shaping at any load
— Improved emission characteristics

— Smokeless operation at any load

— Lower NOx on command
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ME engine introduction

Omitted or redesigned components

— Chain drive — Regulating shaft I
— Chain wheel frame — Mechanical lubricator é 0 )
— Chain box on frame box — Emergency control panel =5

— Camshaft with cams

and extaustvave D
— Fuel pumps
— Exhaust valve and housing - ._,
— Exhaust actuator o - :
— Starting air distributor J\ E&JE Ag
— Governor LAL._J
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ME engine introduction

New components

Hydraulic Power Supply (HPS) Engine Control System (ECS)
— Automatic backflush filter — MPCs
— Electrical start up pumps Crankshaft position sensing @
— Engine driven pumps system (Tacho) =

Hydraulic Cylinder Unit (HCU) —EncoderA& B ’ .
— Distribution block Local Operation Panel (LOP) 77 | 1
— Double wall pipe (200 bar) ) ety (O

— FIVA/ ELFI & ELVA and
accumulator

—~ FOPB AU
— Exhaust valve actuator JOO=T
— ME lubricator

13

o
—
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ME engine introduction

Hydraulic system

Fuel oil pressure

Exhaust valve actuator

/_L‘

booster
S s T Ol L S
| L | evalll [ | 18
iy L ] L _ [ _ [ ]

]
[
u

Hydraulic

/ cylinder unit

Valve block

ME lubricator 1 [ 1 | ]

Piston cooling

Servo ol

+ bearings «§
Servo ol

return to sump ¢

From Main lub oil pump,
cooler and 50 p filter
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P

Approx
200 bar
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ME engine introduction
Hydraulic Power Supply (HPS)

Start-up pumps

High pressure
pumps

Drain-
pipe system

System oil

High pressure
pipes
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ME engine introduction
Hydraulic Cylinder Unit (HCU)

Accumulator

__Fuel oil pressure booster
_—Exhaust valve actuator

_—De-aeration unit

—Fuel Injection and exhaust Valve Actuation (FIVA)

—Distribution block

_—ME lubricator

TOP WORK
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ME engine introduction

MC fuel pump to ME fuel oil pressure booster

. High pressure pipe

Fuel oil inlet
7-10 bar

Hydraulic
piston

Accumulator

FIVA valve

To
drain

High pressure™~hydraulic oil —inlet
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ME engine introduction

MC exhaust valve arrangement to ME exhaust valve arrangement

MAN Energy Solutions

MAN PrimeServ

Hydraulic
push rod

S

Exhaust valve
Actuator

Exhaust valve
spindle

High pressure
hydraulic oil —
inlet
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ME engine introduction
Engine Control System (ECS)

Bridge
Panel
Main Main
Operating gont:ol Room Operating
Panel A ane E Panel B
™ T I
Jnits A and B
Local
Operatin
P::nel 4 Control Network
Engine Control Units A and B
T X — 2E =M
1° - . _
50 0h |
EEEEE Cylinder Control Units 1 per cylinder
Co— =
Om e =
w ® ° 9 | Auxiliariy Control Units 1, 2 and 3 “‘%

MAN Energy Solutions MAN PrimeServ Public | Academy Copenhagen — ME control system | — ©2020 April 29, 2020 17



Control Network

MAN Energy Solutions

120 Q 120 Q
—Z AV AV NI
B B / A A
MOP A EICUA EICU B MOP B
A A / B B
/' \\ /" \\ / \ /N

Control room
Engine
\—— = NetA - Net B (—
A J65 (A) J66 (B) ®
ECU A Elale NI ECUB
& 1 T ] A
/1 1 2 @ 1 2 2 — \
120 Q | | = | | = 120 Q
i w it n
120 Q 120 Q
\/ | \/ \/ \/ \/
A : A A A A
CCU1 i CCUn ACU 3 ACU 2 ACU 1
B i B B B B
AN i 7\ 7 AN 7\
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ME engine introduction

MPC and control network

The Multi Purpose Controllers are identical hardware

on Bridge wise. They have different software configurations.
e T B i o Two redundant control networks are connecting all
Snckip Dweraton Pase) [ARCPERTORPARY sepme Multi Purpose Controllers and both main operating
| id | L
T - o T = panels computers.
A backup of the application- and setup- software is

_______ — _ ______‘“—_ ______1l|lL  stored on both main operation panels.

LOCAL OPERATICN
PANEL - LOP

ol At replacement, the new controller is automatically
| configured with correct software via the control
L il j‘ i) networks.
- fh ‘ Vh T h i) h fl Bridge panel and engine control room panel are wired
e to EICUA & B.

Local operating panel is wired to ECU A & B.
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ME engine introduction
Multi Purpose Controller (MPC)

Battery for internal clock

LED indicator

Buiwweiboid

|eulalul 10) SaydlIMS d|d

DIP switches for
programming ID-key

Reset push
button

Sand filled fuses

MAN Energy Solutions MAN PrimeServ

Power plug
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ME engine introduction
Engine Interface Control Unit (EICU)

MAN Energy Solutions

MAN PrimeServ

EICU A

Power managenent
system

Maneuver-handle

4 — 20 mA + stop signal

EICUB

(RS 422)

Remote Control
System

(RS 422)

-

Alarm System

-

P

Safety System

=

| Shutdown signals

to ECU + CCU
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ME engine introduction

Engine Interface Control Unit (EICU) — Speed set point

0 0 8 O

2017-03-16  12:48:49

Engine » Process Information

Running Mode Speed Control LbcL
Command [RPM] FingAdj.  SpeedSet [RPM] Index Limit [ Fuel Index [%] Speed [RPM]
&R 1468 - EEENN T
b_ Speed Modifier t4 Governor/Index Limiter : :
—t —Q—» —3  Engine »
Stabilising > - Start
Stop Chief Index Process
Minimum Speed Scav. air pressure Information
Maximum Speed Torque P
Fixed Speed Set Hyd. Power Supply Adjustment
Shut Down Running Mode =
Slow Down P Load Limitation Limiters
PTO Compression pres.
Auxiliaries
Speed Ramp Fuel Pressure
Load Program Lambda
Barred Speed Range Maintenance
RPM Fine Adjust
Run Up/Down Prog. Admin
Chief Max Speed
el Power Off @
Dual Fuel b Active Madifier P Active Limiter D Nearest Limiter System Options
QpPT
Operator

MAN Energy Solutions

MAN PrimeServ

— Pre defined RPM for starting
— Stop

— Gives the minimum set point
— Gives the maximum set point

— Only for CPP plants — Fixed speed set point when
‘Bridge command take’ is active

— Shut down = Stop

— Speed set point reduced to pre-defined slow down
speed

— Speed set point set inside RPM range for shaft
generator

— Speed ramp up/down 3 RPM/sec. Not cancellable.

—80% - 100% RPM in 90 min. on large bore engines.
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22



ME engine introduction
Engine Interface Control Unit (EICU) — Speed set point

0 0 8 O

2017-03-16  12:48:49

Engine » Process Information

Running Mode Speed Control LbcL
Command [RPM] Fing Adj.  SpeedSet [RPM] Index Limit [%] Fue! Index [%] Speed [RPM]
ECR [ 1468 ] [ s s J a1
S i | SpeedModtier fy Governor/Index Limitar : i
_— — —  Engine —
Stabilising > - Start
Stop Chief Index Process
Minimum Speed Scav. air pressure Information
Maximum Speed Torque
Fived Speed Set Hyd. Power Supply
Shut Down Running Mode
Slow Down P Load Limitation Limfters
PTO Compression pres.
Auxiliaries
Speed Ramp Fuel Pressure
Load Program Lambda
Barred Speed Range Maintenance
RPM Fine Adjust
Run Up/Down Prog. Admin
Chief Max Speed
s Power Off @
Dual Fuel b Active Madifier P Active Limiter D Nearest Limiter System Options
QpPT
Operator

MAN Energy Solutions MAN PrimeServ

range

— Fine adjustment of speed set point active
— Running up/down program active (optional)
— Chief can set max speed

speed is limited (optional)

— Modifies set point to be outside the barred speed

— T/C cut out activated for low load operations, engine

— Waste Heat Recovery. Engine speed is higher than

ordered to keep shaft gen. connected (option)

— Engine running on dual fuel (optional)

Barred speed range quickly

Public | Academy Copenhagen — ME control system | — ©2020

— Quick Passing Through. Assits in passing through

April 29, 2020

23



ME engine introduction

Engine Control Unit (ECU) — Governor & index limiter

Engine »
Running Mode

Command [RPM]

=y

R | 168

Process Information

Speed Control

Fine Adj.

Speed Mocifier

Stabilising

Stop

Minimum Speed
Maximum Speed
Fied Speed Set
Shut Down

Slow Down

PTO

Speed Ramp

Load Program
Barred Speed Range
RPM Fine Adjust
Run Up/Down Prog.
Chief Max Speed
WHR

Dual Fuel

QpPT

LbcL

Speed Set [RPM]

““-ﬁ-

Index Limit [

2017-03-16  12:48:49

Fuel Index [%]

Governor/Index Limiter

Start
Chief Index
Scav. air pressure
Torque
Hyd. Power Supply
Running Mode

P Load Limitation
Compression pres.
Fuel Pressure
Lambda

Speed [RPM]

s

Engine

¥ Active Madifier

P ActiveLimiter

D Mearest Limiter

4

MAN Energy Solutions

MAN PrimeServ

0 0 8 O

— Pre defined index for starting
— Max fuel set by C/E, for individual or all cylinders
— A certain Pscav allows a certain index

— A certain RPM allows a certain index

Process
Information

— A certain hydraulic pressure allows a certain index

Process

pecsi — A certain index in relation to the chosen running

mode

Chief
Limiters

Auxiliaries

— An allowed index in relation to Chief limiter, Max load
setting, Tier Il — Tier Il condition, Condition based
WHR, EGB, T/C cutout etc.

Maintenance

Admin

Power Off @
System Options
Operator
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ME engine introduction

Engine Control Unit (ECU) — Governor & index limiter

0 0 8 O

— An allowed index in case of a permanently closed
exhaust valve

2017-03-16  12:48:49

Engine » Process Information

Engine
Command [RPM]

ECR | 1468

FingAdj.  SpeedSet [RPM] Index Limit %] Fuel Index [71 Speed [RPMI

(_wes J 5 N 5 | w1 |

— This limiter is only uses in case of Common Rail
systems. Limits the index if fuel pressure is low.

Operation

A Speed Modifler i Governor/index Limiter k . ML Status
b Stabilising z; Start i '% . . . .
- . — Ensures a certain air to fuel ratio for combustion by
) Chief Index Process

e . = e limiting the index
Maximum Speed Torque Process
Fixed Speed Set Hyd. Power Supply Adjustment
Shut Down Running Mode
Slow Down P Load Limitation f::f,,s
PTO Compression pres.
Speed Ramp Fuel Pressure Auxiliarles
Load Program Lambda
Barred Speed Range Maintenance
RPM Fine Adjust
Run Up/Down Prog. Admin
Chief Max Speed
ol Power Off @
Dual Fiel ¥ Active Modifier P ActiveLimiter b Nearest Limiter Systom Optiors
i Operator

MAN Energy Solutions

MAN PrimeServ
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ME engine introduction

Engine Control Unit (ECU) — Start block & checklist

Engine » Status
Main State

Start Conditions

 Main Starting Valve
in service position

r Distribution
System in service

v Starting Air Pressure
v Cantrol Air Pressure

y Turning Gear
disengaged

 Aux. Blowers

v Hytl Power Supply

v Hyd Pressure

2016-02-01  12:59:09

o

g

WAL bsencocea |

Turning Gear

Control Air

Cramkshaft

Start Status

MAN Energy Solutions

MAN PrimeServ

Process
Information

Process
Adjustment

Chief
Limiters

Auxiliaries

Maintenance

Admin

Power 0ff @

System Options

Operator

Main State:

— Shows the main state of the engine FWE / Standby /

At Sea

— Any warnings to the state and / or blockings will be

shown here.

Start Conditions:

— Check list of conditions which must be met in order to

have the engine in the corresponding state.

— One list for Finished With Engine (FWE) and one list

for Standby

Public | Academy Copenhagen — ME control system | — ©2020
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ME engine introduction

Engine Control Unit (ECU) — Injection profiles tier Il engines

. 4T50ME-X: Step-profiles 100% load, heat release
4T50ME-X: Step-profiles 100% load, fuel-pump pressure 70
1000 65
900 i ~ 60
800 gg —— Reference
700 45 —— Step-profile:10ms
.‘é’ 600 n - Step-profile:13ms
S 40 Step-profile:17ms
E 500 = 35
400 gg
300 — Reference 0
200 —— Step-profile: 10ms 5
—— Step-profile: 13ms 10
100 Step-profile: 1/ms 5
0 . 0
170 180 190 200 210 170 180 190 200 210 220 230 240 250
deg a BDC deg a BDC
Fig. 12.10: injection profile investigations Fig. 12.11: Combustion pattern with different injection profiles
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ME engine introduction

Auxiliary Control Unit (ACU) — Blower control

[revr [[acvz |[acos ] The blowers are started one by one in order to prevent
overload of the electrical system.

In AUTO mode;

The blowers are started at ‘Prepare Start’

At engine running they are controlled by the scavenge
air pressure. They stop at 0,7 bar (time delay), they
| ‘ start at 0,4 batr.

|

|
L\ At engine stop they continue to run for a default 15-20
Av .f.-v mln'
__lt;h;l: :l';!.:;: In MANUAL mode;
,‘ s Operation is controlled by the operator via the MOP.
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ME engine introduction
Auxiliary Control Unit (ACU) — Pump control

oo [z |[os ] Electrically driven start-up pumps 1 & 2 are controlled
— by ACU1 & 2

ECUB

Engine driven pumps 1, 2, & 3 are controlled by ACU 1,
| ] 2 & 3 respectively. The control is modulated, based on

the pressure set point and the actual hydraulic
pressure.
Y Yy
Av Engine driven pumps 4 and 5 are the same type as 1, 2
Ay oo and 3, but they are controlled digitally by ECU A & B,
S 84 either max ahead or max astern.
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ME engine introduction
Cylinder Control Unit (CCU)

11 11

ccu CCu
Cylinder 1

Cylinder n

|
I

Fual Exhaust
booster valve
paosition  position

Cylindar 1 Cylinder 1

Fuel  Exhaust
FIVA C.j.‘hndgr n C;.Imdur n :] E]

booster valie
AL SAV WValve AL SAV

; E] D : |
ﬁ position  posifion
Cylinder 1 Cylinder 1 Cylinder 1 Cylindern Cylinder n

| I

MAN Energy Solutions MAN PrimeServ

a

FIVA
Valve
Cylinder n

FIVA : Fuel Injection, Valve Actuation

— Proportional valve for fuel injection.

— On / Off for exhaust valve operation
Control of FIVA movement

Monitor feedback from FIVA

Control of Start Air Valve (SAV)

Control of ME lubricator

Monitor feedbacks from lubricator
Monitor fuel oil booster feedback
Monitor exhaust valve position feedback

One CCU per cylinder

Public | Academy Copenhagen — ME control system | — ©2020 April 29, 2020
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ME engine introduction
Cooling Water Control Unit (CWCU) — Temperature Load Dependent Cylinder Liner (LDCL)

Engine » Process Information 2016-02-01 12:59:35 2016-08-09 13:24:08
Running Mode Spead Cortrol
Temperature Load Deoendent Cylinder Liner Cooling Water System Engine LoP ECR Panal Bridge Panel Auiliaries Enging
LDCL State T ' Operation | | I I I | | | | | | |
tj:L ECU-B mop-A [ mor-e EICU-A EICU-B Acu1 | acuz | acus | scua Auxiliaries
1 —
) . . ' Y ST S ﬁ /| /I l_d /) /) /) /.
% = = % - 3 :
g g : §I§ \\\ I Maintenance
seesl & \ Process Systam Vi
. s M o -t ew
5 g Tin IWay Mlx'u’dve . E ? [ChrET I I I 1/0 Test
o s m _ o
== ! —-0% ! ;\_ Ei N coul | ccu2 | ccus | ccua | ccus | ccus | ccu7 | cous | ccus | coulo| couan | ceuaz
» » = + > : % Y Process Invalidated
r 100% E >\ % Mjstm I
| | =P -
v Tout jackat sl Il ) e .
il =—" ] - L
N T 7N Limiters i Status
' RN A Engine
4 ! 4 .
<l +4 4 H 7 ?
0 g ? Auiliaries Funetion
+ LDCL Circulation Pump i 77 /// Test
T huill 7 :
N— A %M Waintenance u
~ 3 n N N/ % Shooling
g | % A
/ Admin 3 Admin
—l < I
cwcu
Power Off © Power Off @
; System Options System Options
Details Operator H rdive [ ThisMop Controlling T Test ¢ Configuration B Blocked 7% Mothccassible m
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ME engine introduction

Scavenge air Control Unit (SCU) — VTA, WHR,

EGB

Engines MEMEC | | MOMCC | | MEB
____________________i?_\_\\_\_;_______________/_/_,/_iif ____________________
Scavenging air
Control Unit SCU
——————————————————— '_';"i"_“_"J_“““_\%i"“_\l\_\__.““““"“““"
Actuators VTA VIG Variable || ON/OFF
Bypasses || Bypasses

| Process Values | TCSpeedBahnchg | WHR

Bypass Mode SetPoint  Opening
0/ 0 %

2016-02-01  13:10:2

7 Alarms

Engine

Auxllumes

Hydraulc

( Exhaust Receiver }—J
|

l bare | |
I

Scavenge Air Receiver

Pscav Actual o
0.40 Bar

System

SecondFuel
System

Cylinder
=1 Lubrication

S

Blowers Mode

ﬂ

Maintenance

Admin

Power Off @

System Options

Operator

MAN Energy Solutions

MAN PrimeServ
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ME engine introduction
Main Operating Panel (MOP)

Integrated PC MOP A:
— Touch screen

— Track ball

— Daily operation of engine

MOP B:
— Touch screen
— Keyboard with mouse

— Daily operation & trouble shooting of engine

Marine approved PC’s with embedded Windows software.
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ME engine introduction
Main Operating Panel (MOP)

Safety/Alarm a : !‘ a ‘

system

i &

¥y MOPA—MOPB & PMI/CoCoS-
| S [ ) N \/|
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ME engine introduction
Local Operating Panel (LOP)

MAN Energy Solutions MAN PrimeServ
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ME engine introduction

ME Tacho system
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ME engine introduction

Tacho system - Schematic
On Bridge

In Engine Control Room

Backup Operation Panel

MOP B ECR PANEL

— Encoder A

In Engine Reom/On Engine

EECU‘ I . Iecua |
[ I
L ]
T M
ECUA
U Uz..é it 00 | ﬁ — Tacho signal for monitoring
005 | =Es O a
Power supply to TSA-A
ECUB
I — Power supply to TSA-B
] P ST
S AR AR CCU’s
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Reference sensor at fly-wheel

— Tacho signal for monitoring

— Tacho signal for operation

% There are two redundant encoders in the tacho system:

April 29, 2020
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ME engine introduction

Tacho system — amplifier boxes
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Disclaimer

All data provided in this document is non-binding.

This data serves informational purposes only and is especially not guaranteed in any way.

Depending on the subsequent specific individual projects, the relevant data may be subject to changes and
will be assessed and determined individually for each project. This will depend on the particular characteristics
of each individual project, especially specific site and operational conditions.
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Intellectual property rights

The intellectual property rights of this work are owned and managed by MAN Energy Solutions and are protected
both nationally and internationally according to related laws such as copyright law.

This content is for personal learning and non-commercial use only.

You may not modify or reproduce it except for your personal use.

This content is for training purposes only.

This work is the proprietary intellectual property of MAN Energy Solutions.

MAN Energy Solutions owns all rights to this work and the lecture, and this work is only offered by the instructor
or via the MAN eAcademy through the MAN Energy Solutions.

Any use of this work at will, without the consent of MAN Energy Solutions, may cause legal problems.

This work is provided for the convenience of course participant, and it does not give intellectual property

rights to user.
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