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INTRODUCTION

1

M/Y Lady Allison

The M/Y Lady Allison where I have been as an Assistant Engineer (1 year) and Second
Engineer (6 months), is a private yacht from an American owner. This yacht stays 6 months
on the Caribbean and Florida (USVI, BBI, St Maartin, St Barths, Fort Lauderdale, Miami)
and 6 months on the Mediterranean (Greece, Croatia, Italy, Sardinia, France).

The yacht was built in Holland, Feadship shipyard. She is used for private purposes and
has a Caiman Island flag.
She has 5 suites and a master suite, gym, dinning and lounge area and accommodation for up
to 12 crew. The crew needed to operate the boat is as follows: captain, first mate, boatswain
or second mate, deckhand, chief engineer, 2nd engineer/deckhand, chef, chief stewardess and
3 stewardesses.

She is equipped with two tenders, diving material, water toys and two outside dinning
areas. She can also be driven on the fly bridge or on the wheel house, where there are also
two wing stations.

Pic.1 Lady Allison
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2

SHIP’S INFORMATION

2.1. Ship’s Data

GENERAL DATA
Yacht Name

Lady Allison

Builder

Feadship

Year of Build

1991

Construction

Steel/Aluminum

Callsign

ZHFT9

Inmarsat voice 1 & telex 1

1756312

Inmarsat telefax 1

1756313

Flag

Cayman Islands

Port of Registry

George Town C.I.

Document Number

715855

Fuel Capacity

73.049 l / 19.300 USG

Water Capacity

20.060 l / 5.300 USG

Cruising Speed

12,5 Kn

Range

5.000 miles

Engines

2 Detroit Diesel High Disp.

DIMENSIONS
Displacement

473 Ton

Gross Tonnage

458,42 reg. Ton

Net Tonnage

137 reg. Ton

Panama Gross Tonnage

567,9 Ton

Suez Net Tonnage

355,47 Ton
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Suez Gross Tonnage

567,9 Ton

Length over all

45,72m

Length waterline

41,53m

Beam extreme

8,81m

Depth

4,65m

Draft fully loaded

2,72m

HEIGHT DIMENSIONS

Pic.2 Height Dimensions

The following dimensions are with tanks half loaded and even keel.

A – Total height above water

16,13m

B – Height sundeck/fly bridge above water 6,88m
C – Height bridge deck above water

4,48m

D – Height main deck above water

2,08m

E – Waterline above base (draft)

2,57m
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2.2. Tank Capacities

Pic.3 Tank Level Indicator Panel

Lady Allison has a capacity of 73.049 L of fuel, distributed with 2 tanks on the mid
section of the boat with a capacity of 49.205 L, plus 3 more tanks on the back section of the
boat with 22.520 L of capacity. The day tank located on the back of the engine room has a
capacity of 1.324 L.
The luboil and dirty oil tanks are located under the floor on the middle of the engine room,
with a capacity of 2.940 L and 1.920 L each.
The fresh water tanks, located directly behind the mid section fuel tanks, hold up to 20.060 L
of water.
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Pic.4 Tank Capacities Diagram
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2.3. Docking Plan
The lower deck has five crew cabins on the front part with the crew mess and the walk in
fridge and freezer. Engine room on the mid section of the boat plus one suite cabin. On the
aft section there are 4 guest cabins, two masters and two double ones. On the main deck we
find the owners cabin, the galley and the saloon with the dinning area, plus the aft deck also
with dinning area. The boat deck has the wheel house, captains cabin, officers office, gym
and big outside area with the two tenders and two cranes. The fly bridge is located on the
sundeck, where we also find the mast with all the navigation lights and the exhaust line from
the engine room.

Pic.5 Docking Diagram
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2.4. Engine Room Arrangement
As it is been commented before, the engine room of Lady Allison is located on the mid
section of the ship.
It has 2 main engines, two generators, 2 air compressors, 4 air conditioning compressors (2
refrigerated by water and 2 by air), fuel separator (Alfa Laval), oil water separator, bilge/fire
fighting pumps, stabilizers, shore power transformers, control panel, 2 watermakers and
black water treatment plant.

Pic.6 Engine Room View

Following there is the engine room arrangement plus three zoom in views that I consider
show most of the components of it and give a good idea of the dimensions and distribution.
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Pic.7 Engine Room Arrangement
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Pic.8 Top View Engine Room
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DESCRIPTION

1

2

Main Engine
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1

S.W. Pump Stabilizers

2

2

Generator

19

1

Bilge Water Separator

3

2

Silencer

20

1

Chiller Unit

4

2

Silencer

23

4

Cool-Freeze Compressor

5

2

Silencer

25

1

Hydrophor Tank

8

1

Fuel Daytank

26

1

Boiler

9

1

Fuel Transfer Manifold

35

2

Watermaker

11

1

Fuel Separator

37

1

Control Panel Working Air

12

2

Fuel Transfer/Daytank Manifold

41

1

Main Switch Board

14

4

Fuel Filter

49

1

Halon Cylinder

15

1

Clean Lub Oil Pump
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2

Electrical A.C.
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1

Dirty Lub Oil Pump
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1

Powerpack Stabilizer

54

1

Helianeitics
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Pic.9 Section FR26 Looking to Aft

ITEM

NR
OFF

DESCRIPTION

8

1

Fuel Daytank

10

2

Fuel Fill Manifold
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1

Fuel Pump Aft Peak Supply
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2
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45

1

Switch Box Fuel Separator
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1

Connection Box Stabilizers

47

1
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48

1

Tank Level Indicator Panel
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Pic.10 Section FR39 Looking to Aft

ITEM
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DESCRIPTION

6

2

Fuel Daytank

29

1

Sterilizer Potable Water

34

2

Bilge Manifold

40

1

Cross Over
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3

PROPULSION SYSTEM

3.1. Main Engine

Lady Allison has two electronically controlled Detroit Diesel high displacement engines,
mechanically actuated unit injector diesel engine. The engines are 4 strokes cycle, with a 60
degree V-16 arrangement, with a bore of 170mm and a stroke of 215mm. The displacement
is 58, 5 l. The engine is configured for and aftercooling system that is either a
separate circuit or a jacket water. The engine utilizes a two-piece piston with a forged steel
crown and a cast aluminium skirt. Each engine has a output of 694 kW at 1800 RPM.

The electronic unit injector (EUI) eliminates many of the mechanical components of a
mechanical unit injector. It also provides increased control of the timing and the fuel ratio
control. The timing advance is achieved by the precise control of the injector firing time.
Engine rpm is controlled by adjusting the firing duration. A special pulse wheel provides
information to the electronic control module for detection of the cylinder position and the
engine rpm.

The engine has a built-in diagnostics in order to ensure that all of the components are
operation properly. An electronic service tool can be used to read diagnostics.
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3.1.1. Main engine operation
Ether Control System

Ether is automatically injected during cranking by the engine control module (ECM) into
the air inlet manifold when the following conditions are met:
•

The engine rpm is between 75 and 400 rpm.

•

The jacket water coolant temperature is below 30°C.

The duration of ether injection varies linearly with the jacket water coolant temperature,
within the following range:
•

10 seconds at the maximum temperature of 30°C

•

130 seconds at the minimum temperature of -40°C

The longest duration of ether injection is then 130 seconds even if the jacket water
coolant temperature is less than -40°C.

Y: Temperature in ºC
X: Time in seconds

Pic.12 Temperature of the jacket water and duration f ether injection
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Cold Cylinder Cutout

The Cold Cylinder Cutout Strategy provides a way for the ECM to reduce the output of
white smoke on cold start-up, to minimize the time at advanced timing and to reduce the use
of the ether injection.

During cold start-up conditions and periods of extended time at low idle, the ECM
automatically turns off one electronic unit injector at a time. The ECM determines if the
cylinder is firing by checking the rack delta. If the cylinder is firing, the ECM turns on the
electronic unit injector. If the cylinder is no firing, the ECM will turn off the electronic unit
injector, which reduces white smoke.

The following conditions must be met in order to activate the Cold Cylinder Cutout Strategy:
•

The engine speed is equal to high idle or below high idle.

•

The fuel rack is less than 13mm.

•

The jacket water coolant temperature is below 63°C.

The Cold Cylinder Cutout Strategy is activated ten seconds after the engine starts and the
engine reaches idle speed or three seconds after either injection is completed.

The following conditions will deactivate the Cold Cylinder Cutout Strategy:
•

The jacket water coolant temperature is above 70°C.

•

The ether injection system is engaged.

•

The coolant temperature sensor has failed.

•

For three seconds when the engine speed varies by more than 50 rpm as the Cold
Cylinder Cutout begins. A new engine speed is established when the Cold Cylinder
Cutout reactivates.

•

For 30 seconds when the engine speed is at low idle for ten seconds and the engine
speed fails by more than 50 rpm below low idle.

•

For 10 minutes if the engine speed is greater than high idle.

•

For 3 seconds if the fuel rack is greater than 13 mm.
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Electronic Control System

The major components of the Electronic Control System include: temperature and
pressure sensors, electronic control module (ECM), wiring harness and engine speed/timing
sensor.

This system is integrally designed into the engine fuel system in order to electronically
control the fuel delivery and the injection timing. The ECM provides increased control of
timing in comparison to the conventional mechanical engine. Injection timing is achieved by
precise control of the injection firing time. The engine speed is controlled by adjusting the
firing duration. The ECM energizes the fuel injector solenoids in order to start injection of
fuel and de-energizes them in order to complete the injection.

The ECM can monitor parameters and initiate an action of a specific engine operating
parameter extends outside an acceptable range.
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3.1.2. Main engine description
Cylinder block, Liners and Heads

The cylinders in the left side of the block form a 60 degree angle with the cylinders in the
right side. The main bearing caps are fastened to the cylinder block with four bolts per cap.

The cylinder liners can be removed for replacement. The top surface of the cylinder block
is the seat for the cylinder liner flange. Engine coolant flows around the cylinder liners in
order to keep them cool. Three o-ring seals around the bottom of the cylinder liner make a
seal between the cylinder liner and the cylinder block. A filler band goes under the cylinder
liner flange. This makes a seal between the top of the cylinder liner and the cylinder block.

The engine has a separate cylinder head for each cylinder. Two inlet valves and two
exhaust ones, which are controlled by a pushrod valve system, are used for each cylinder.
Valve guides without shoulders are pressed into the cylinder heads. The opening for the unit
injector is located between the four valves. A third lobe on the camshaft moves the pushrod
that operates the unit injector. Fuel is injected directly into the cylinder.

There is an aluminium spacer plate between each cylinder head and the cylinder block.
Coolant goes out of the cylinder block through the spacer plate and into the cylinder head
through eight openings in each cylinder head face. Water seals are used in each opening to
prevent coolant leakage. Gaskets seal the engine oil drain line between the cylinder head, the
spacer plate and the cylinder block.
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Camshaft covers (1) allow access to the
camshaft and valve lifters. Crankcase covers (2)
allow access to the crankshaft connecting rods,
main bearings, and piston cooling jets. When the
covers are removed, all the openings can be used
for inspection and service.

Pic.13 Left side of engine

Pistons, Rings and Connecting Rods

The piston is a two-piece, articulated design. The piston consists of a forged, steel crown
and a cast, aluminium skirt. The two pieces of the piston assembly are connected to the
piston pin. The two pieces of the piston assembly pivot about the piston pin. The steel crown
carries all three piston rings. Oil from the piston cooling jets flows through a chamber which
is located directly behind the rings, cooling the piston and improving this way the life of the
rings. The pistons have three rings which include two compression rings and one oil ring. All
the rings are located above the piston pin bore. The oil ring is a standard ring. Oil returns to
the crankcase through holes on the oil ring groove. The top two rings are the Keystone rings,
which are tapered.

The connecting rod has a taper on the pin bore end. This taper gives the rod and the
piston more strength in the areas with the most load. Four bolts, which are set at a small
angle, hold the rod cap to the rod. This design keeps the rod width to a minimum, so that a
larger rod bearing can be used and the rod can still be removed through the liner.
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Crankshaft

The crankshaft changes the combustion forces in the cylinder into usable rotating torque
which powers the machine. A vibration damper is used at the front of the crankshaft in order
to reduce torsion vibrations (twist) that can cause damage to the engine.

The crankshaft drives a group of gears on the front and the rear of the engine. The gear
group on the front of the engine drives the oil pump, the jacket water pump, the fuel transfer
pump and the accessory drives. The rear gear group drives the camshaft and the accessory
drives.

Seals and wear sleeves are used at both ends of the crankshaft for easy replacement and
reduction of maintenance cost. Pressure oil is supplied to all main bearings through drilled
holes in the webs of the cylinder block. The oil then flows through drilled holes in the
crankshaft in order to provide oil to the connecting rod bearings. On these engines, the
crankshaft is held in place by seven main bearings. A thrust plate at either side of the center
main bearing controls the end play of the crankshaft.

Camshaft

There is one two-piece camshaft per side, supported by seven bearings. Each camshaft is
driven by gears at the rear of the engine.
As the camshaft turns, each lobe moves a lifter assembly. There are three lifter
assemblies for each cylinder. Each outside lifter assembly moves a pushrod and two valves.
The valves can be inlet valves or exhaust valves. The center lifter assembly moves a pushrod
that operates the fuel injector. The camshafts must be in time with the crankshaft. The
relation of the camshaft lobes to the crankshaft position causes the valves and fuel injectors
in each cylinder to operate at the correct time.
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3.1.3. Fuel system operation

The fuel supply circuit is a conventional
design for engines that use fuel injectors. The
fuel supply circuit uses a transfer pump to
deliver fuel from the fuel tank to the
electronic fuel injectors. The transfer pump is
a fixed displacement gear pump.

Pic.14 Fuel system schematic

The fuel flows from the fuel transfer pump through the cored passages of the electronic
control module (ECM). This cools the module. The fuel flows then through a fuel filter
before entering the fuel supply manifold. A fuel priming pump is located on the fuel filter
base in order to fill the system. The system will also be refilled after draining the fuel supply
and return manifolds, when the fuel injectors are replaced.

The fuel flows continuously from the fuel supply manifold through the fuel injectors. The
fuel flows when either the supply or the fill port in the injector is not closed by the injector
body assembly plunger. The fuel that is not injected into the cylinder is returned to the tank
through the fuel return manifold.

A pressure regulating valve is at the end of the fuel return manifold and controls the
entire fuel system pressure. This provides proper filling to the fuel injectors.

The electronically controlled mechanically actuated fuel injector system provides total
electronic control of injector timing. The injector timing is varied in order to optimise the
engine’s performance.
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The speed sensor timing ring is part of the rear gear group which provides information to
the electronic control module (ECM). The signal is picked up by the engine speed/timing
sensor. This information is for detection of crankshaft position and engine speed. Other
information and this data allows the ECM to correctly send a signal to the injector solenoids.
When this signal is send the solenoid is energized in order to begin the fuel injection and deenergized in order to end the fuel injection.

Fuel Injector Mechanism

1- Adjustment screw
2- Rocker arm assembly
3- Fuel injector mechanism
4- Pushrod
5- Cylinder head
6- Lifter
7- Camshaft
Pic.15 Fuel Injector

Fuel injector mechanism provides the downward force that is required to pressurize the
fuel in the fuel injector pump, allowing the fuel to be injected into the combustion chamber.

Force is transmitted from the love for the fuel injector on camshaft. The force is sent
through the liner and to the pushrod, and from there transmitted through the rocker assembly
to the top of the fuel injector pump. The adjustment screw allows the setting of the injector
lash.
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Fuel Injector

When the stroke of the plunger is at the top, fuel flows through the low pressure fuel
passages in the body. The fuel then flows to the center passage in the plunger and into the
pimping chamber below the plunger. When the strike of the plunger is at the bottom, fuel
flows through the high pressure fuel passages. The fuel flows through the open cartridge
valve and into the low pressure fuel passages. When the cartridge valve is closed or
energized, the fuel flow through the cartridge valve is blocked. This blockage causes a buildup in the fuel pressure and injection to begin. Injection continues until the cartridge valve is
de-energized or open. Fuel is allowed to flow through the cartridge valve and this causes the
drop in pressure and the stopping of the injection. The plunger continues to force fuel
through the open cartridge valve until the stroke of the plunger reaches the bottom. The fuel
injector spring returns the plunger to the starting position and the cycle repeats.

The start of fuel injection and the quantity of fuel that is injected are both determined
when the cartridge valve is opened or closed by the electronic control module (ECM).

During the fuel injection stroke, the fuel passes from the pumping chamber through a
nozzle valve that has a spring loaded needle valve. Fuel flows through the fuel passage
around the needle valve to the valve chamber. Once in the valve chamber, the fuel pressure
lifts the needle valve away from the seat. The fuel can now flow through the orifices in the
tip into the combustion chamber.

The bottom of the injector will protrude for a short distance below the cylinder head into
the combustion chamber. The injector tip has several small orifices that are equally spaced
around the outside diameter. These orifices spray fuel into the combustion chamber.
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3.1.4. Air Inlet and Exhaust System
Operation

The components of the air inlet and the exhaust system control the quality and the
amount of air that is available for combustion. There are separate turbochargers and exhaust
manifolds on each side of the engine. A common aftercooler is located between the cylinder
heads in the center of the engine. The inlet manifold is a series of elbows that connect the
aftercooler chamber to the inlet ports (passages) of the cylinder heads. There is one camshaft
in each side of the block. The two camshafts control the movement of the valve system
components.

1- Exhaust manifold
2- Aftercooler
3- Engine cylinder
4- Air inlet
5- Turbocharger compressor wheel
6- Turbocharger turbine wheel
7- Exhaust outlet
Pic.16 Air Inlet and Exhaust System

Clean inlet air from the air cleaners is pulled through the air inlet into the turbocharger
compressor by the turbocharger compressor wheel. The rotation of the turbocharger
compressor wheel causes the air to compress forcing it through a tube to the aftercooler. The
aftercooler lowers the temperature of the compressed air before it gets into the inlet chambers
in each cylinder head. This cooled and compressed air fills the inlet chambers in the cylinder
heads. Air flow from the inlet chamber into the cylinder heads is controlled by the inlet
valves.
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There are two inlet valves and two exhaust ones for each cylinder. The inlet valves open
when the piston moves down on the inlet stroke. The cooled, compressed air is pulled into
the cylinder from the inlet chamber.

The inlet valves close and the piston starts to move up on the compression stroke. When
the piston is near the top of the compression stroke, fuel is injected into the cylinder. The fuel
mixes with the air and combustion starts. The force of the combustion pushes the piston
downward on the power stroke. When the piston moves upward the piston is on the exhaust
stroke. The exhaust valves open and the exhaust gases are pushed through the exhaust port
into the exhaust manifold. After the piston makes the exhaust stroke, the exhaust valves close
and the cycle starts again.

Exhaust gases from the exhaust manifold go into the turbine side of the turbocharger. The
exhaust gases cause the turbocharger turbine wheel to turn. The turbine wheel is connected to
the shaft the drives the turbocharger compressor wheel. The exhaust gases exit through the
exhaust outlet.

Aftercooler

The aftercooler is located at the center of the vee and has a core assembly (assemblies)
that is charged by the coolant. Coolant from the water pump flows through a pipe into the
aftercooler. Coolant then flows through the core assembly (assemblies) and back out the
aftercooler through a different pipe.

Inlet air from the compressor side of the turbochargers flows into the aftercooler through
pipes. The air then passes through the fins of the core assembly (assemblies) which lowers
the temperature. The cooler air flows out of the bottom of the aftercooler and into the air
chamber. The air flows through the elbows to the inlet ports (passages) in the cylinder heads.
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Valve Mechanism

The valve system components control the flow of the inlet air and the exhaust gases into
the cylinders and out of the cylinders during engine operation.

The crankshaft gear drives the camshaft gears through idlers. Both camshafts must be
timed to the crankshaft in order to get the correct relation between the piston and the valve
movement.

The camshafts have three lobes for each cylinder. Two lobes operate the valves and one
operates the fuel injector.

1- Rocker arm
2- Bridge
3- Rotocoil
4- Valve spring
5- Pushrod
6- Lifter
Pic.17 Valve System Components

As each camshaft turns, the lobes on the camshaft cause the lifters to move up and down.
This movement causes the pushrods to move the rocker arms. The movement of the rocker
arms cause the bridges to move downward on the dowels in the cylinder head, opening two
valves simultaneously. The valves can be either inlet valves or exhaust valves (there are two
of each per cylinder).
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The valve springs cause the valves to close when the lifters move downward.

The rotocoils cause the valves to turn while the engine is running. The rotation of the
valves keeps the carbon deposits on the valves to a minimum which gives the valves a longer
service life.

Turbocharger

1- Turbocharger
2- Oil drain line
3- Oil supply line
Pic.18 Turbocharger view 1

4- Compressor wheel
5- Bearing
6- Oil inlet port
7- Bearing
8- Turbine wheel
9- Oil outlet port
Pic.19 Turbocharger view 2

The turbochargers on this kind of engines can be rear mounted or center mounted. In this
case, we have two of them on the rear of the engine. The turbine side of each turbocharger is
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connected to the turbocharger’s respective exhaust manifold, while the compressor side is
connected by pipes to the aftercooler housing.

The exhaust gases go into the exhaust inlet of the turbine housing, pushing the blades of
the turbine wheel.

Clean air from the air cleaners is pulled through the compressor housing air inlet by the
rotation of the compressor wheel. The action of the compressor wheel blades causes a
compression of the inlet air. This compression gives the engine more power because the
compression allows the engine to burn additional fuel with greater efficiency.

The maximum speed of the turbocharger is controlled by the engine’s electronic control
of fuel delivery. When the engine is operation, the height above the sea level also controls the
maximum speed of the turbocharger.

There are two bearings in the turbocharger, after the compression and turbine wheels.
Both of them use engine oil under pressure for lubrication. The oil is sent through the oil inlet
line to the oil inlet port at the top. The oil then goes through passages in the center section for
lubrication of the bearings and then out to the oil outlet port at the bottom. The oil then goes
back to the flywheel housing through the oil drain line.

Pic.20 Main Engine Turbocharger
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3.1.5. Lubrication System

Pic.21 Main oil pump and lubrication system schematic
1- Main oil gallery

7- Sequence valve

13- Engine oil relief valve

2- Camshaft oil gallery

8- Sequence valve

14- Engine oil pump

3- Piston cooling jet gallery

9- Elbow

15- Elbow

4- Piston cooling jet gallery

10- Engine oil filter bypass valve

16- Suction bell

5- Camshaft oil gallery

11- Engine oil cooler

17- Engine oil filter housing

6- Turbocharger oil supply

12- Engine oil cooler bypass valve

This system uses an engine oil pump with three pump gears. The pump gears are driven
by the front gear train. Oil is pulled from the pan through the suction bell and elbow by the
engine oil pump. The suction bell has a screen in order to clean the engine oil.
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There is an engine oil relief valve in the engine oil pump that controls the pressure of the
engine oil. The engine oil pump can put too much engine oil into the system. When that
happens, the engine oil pressure goes up and the relief valve opens. This allows the engine oil
that is not needed to go back to the inlet oil passage of the engine oil pump.

The engine oil pump pushes engine oil through the engine oil cooler and the engine oil
filters to the main oil gallery and camshaft oil gallery. The engine oil cooler lowers the
temperature of the engine oil before is sent to the filters.

Engine oil cooler bypass valve allows engine oil to flow directly to the filters if the
engine cooler becomes plugged. It also allows the engine oil to flow directly to the filters if it
becomes thick. The engine oil cooler bypass valve will bypass the engine oil to the filters
above 180 ± 20 kPa of oil pressure differential.

Cartridge type filters are used and located in an engine oil filter housing. This filters use a
single bypass valve that is located in the engine oil filter housing.

Clean engine oil from the filters flows through the engine oil line ad into the block
through an elbow. Part of the engine oil flows to the left camshaft oil gallery and the
remainder to the main oil gallery.

There are two camshaft oil galleries that are connected to each camshaft bearing by a
drilled hole. The engine oil flows around each camshaft journal and then travels through the
cylinder head and the rocker arm housing to the rocker arm shaft. A drilled hole connects the
bores for the valve lifters to the oil hole for the rocker arm shaft. The valve lifters are
lubricated at the top of each stroke.

The main oil gallery is also connected to the main bearings by drilled holes. More drilled
holes in the crankshaft connect the main bearing oil supply to the rod bearings. Engine oil
from the rear of the main oil gallery goes to the rear of right camshaft oil gallery.
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There are two sequence valves that allow engine oil from main oil gallery to flow to the
two piston cooling jet galleries. These valves begin to open at approximately 130 kPa (19
psi) and they will not allow engine oil into the piston cooling jet galleries until there is
pressure in the main oil gallery. This decreases the amount of time that is necessary for
pressure build-up when the engine is started. This also helps hold pressure at idle speed.

There is a piston cooling jet with two openings below each piston. One opening is in the
direction of a passage in the bottom of the piston. This passage takes engine oil to a manifold
behind the ring band of the piston. A slot (groove) is in the side of both piston pin bores in
order to connect with the manifold behind the ring band. The other opening is in the direction
of the center of the piston. This helps cool the piston and gives lubrication to the piston pin.

The turbochargers have oil supply lines that send them engine oil from the rear adapter.
Oil drain lines are connected to the flywheel housing on each side of the engine.

Engine oil is sent to the front gear group and the rear gear group through drilled passages.
These drilled passages are in the front housing, the rear housing and the cylinder block faces,
and are connected to camshaft oil galleries.

After the engine oil has finished lubricating, the engine oil goes back to the engine oil
pan.
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3.1.6. Cooling System
Jacket Water Cooling System

1- Jacket water pump
2- Tube
3- Engine oil cooler
4- Block
5- Cylinder head
6- Water manifold
7- Aftercooler
8- Regulator housing
9- Tube
10- Bypass tube
11- Radiator or heat
exchanger
Pic.22 Jacket water cooling circuit

Coolant flows to the jacket water pump (1) through an elbow that connects to the radiator
or heat exchanger (11). Part of the coolant is sent to the aftercooler while most of it is sent
through the engine oil cooler (3).

There is one opening on the pump outlet so that a remote pump can be connected to the
system. The remote pump can be used if there is a failure of the pump on the engine.

The coolant that is sent to the aftercooler goes through the aftercooler core. The coolant
then travels through an elbow and goes into a passage in the block. The passage is near the
center of the ‘v’ at the rear of the block. The coolant then is sent to the oil cooler and flows
into the water jacket of the block at the right rear cylinder. The cooler coolant mixes with the
hotter coolant and the mixture goes to both sides.
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3.1.7. Air/Electric Starting System

6- Air inlet
7- Vanes
8- Rotor
9- Drive pinion
10- Reduction gears
11- Piston
12- Piston spring
Pic.23 Air starting motor

The control valve has a solenoid that is operated electrically from the control switch at
the operator’s panel. When the switch is turned to the ‘MANUAL START’ position, control
valve opens in order to allow air from the secondary tank through air line connection to
piston behind the drive shaft. This air pressure behind the piston puts piston spring in
compression. The spring moves the drive shaft and drive pinion in order to engage with the
flywheel ring gear.

After drive pinion is engaged with the ring gear, a port is now opened in order to allow
the air to go through an air line to relay valve. This air pressure activates relay valve that now
opens the main supply line from the main reservoir. This allows the large volume of air to
pass through air inlet in air starting motor. The air applies pressure against vanes and the air
pressure begins to turn rotor. The air pressure exhausts through the outlet at the bottom of air
starting motor. This air turns rotor which turns drive piston and the engine flywheel through a
set of reduction gears.

When the engine starts to run, the flywheel will begin to turn faster than drive pinion. The
design of the drive shaft for the pinion allows the drive pinion gear to move away from the
flywheel. The drive pinion gear will disengage from the flywheel. This prevents damage to
air starting motor, drive pinion or the flywheel gear.
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When the engine control senses the crank terminate speed, control valve has closed. Then
the control valve is closed the solenoid has been deactivated. The air pressure and flow to the
piston is now stopped. Piston spring retracts piston, the drive shaft and drive pinion. The
movement of piston now closes the air passage that activated relay valve. Relay valve closes
and stops the main flow of the air to starting motor rotor,
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3.1.8. Electrical System
The electrical system has two separate circuits, the charging circuit and the starting
circuit. Some of the electrical system components are used in more than one circuit. The
battery, the circuit breaker, the cables and the battery wires are common in each of the
circuits.
The charging circuit is in operation when the engine is running. An alternator makes
electricity for the charging circuit. A voltage regulator in the circuit controls the electrical
output in order to keep the battery at full charge.
The starting circuit is in operation only when the start switch is activated.

Proper grounding for the machine systems and the engine electrical systems is necessary
for machine performance and reliability. Improper grounding will cause the paths of the
electrical circuits to be uncontrolled and unreliable.

Alternator
1- Regulator
2- Roller bearing
3- Stator winding
4- Ball bearing
5- Rectifier bridge
6- Field winding
7- Rotor assembly
8- Fan
Pic.24 Alternator components

The alternator is driven by a belt from an auxiliary drive at the front right corner of the
engine. This alternator is a three-phase, self-rectifying charging unit, and regulator is part of
the alternator.
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This alternator design has no need for slip rings or brushes, and the only part that has
movement is the rotor assembly. All conductors that carry current are stationary. The
conductors are field winding, stator windings, six rectifying diodes and the regulator circuit
components.

Rotor assembly has many magnetic poles. Air space is between the opposite poles. The
poles have residual magnetism that produces a small amount of magnetic lines of force
between the poles. As rotor assembly begins to turn between field windings and stator
windings, a small amount of alternating current (AC) is produced is the stator windings. This
current is from the small, magnetic lines of force that are made by the residual magnetism of
the poles. This alternating current (AC) is changed to a direct current (DC). The charge
occurs when the current passes through the diodes of the rectifier bridge. Most of this current
completes two functions: charging the battery and supplying the low amperage circuit. The
remainder of the current is sent to field windings. The DC current flow through the field
windings (wires around an iron core) now increases the strength of the magnetic lines of
force. These stronger lines of force increase the amount of AC current that is produced in the
stator windings. The increased speed of the rotor assembly also increases the current and
voltage output of the alternator.

The voltage regulator is a solid-state, electronic switch. The regulator feels the voltage in
the system and will start and stop many times in one second in order to control the field
current to the alternator. The output voltage from the alternator will now supply the needs of
the battery and the other components in the electrical system. No adjustment can be made in
order to change the rate of charge on these alternator regulators.

Starting Solenoid

A solenoid is an electromagnetic switch that does two basic operations:
•

Closes the high current starting motor circuit with a low current start switch
circuit.

•

Engages the starter motor pinion with the ring gear.
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The solenoid has windings (one or
two sets) around a hollow cylinder. The
cylinder

contains

a

spring

loaded

plunger. The plunger can move forward
and backward. When the start switch is
closed and the electricity is sent through
the windings, a magnetic field is made.
Pic.25 Typical solenoid schematic

This magnetic field pulls the plunger forward in the cylinder. This moves the shift lever in
order to engage the pinion drive gear with the ring gear. The front end of the plunger makes
contact across the battery and the motor terminals of the solenoid. The starting motor begins
to turn the flywheel of the engine.

When the start switch is opened, current no longer flows through the windings. The
spring pushes the plunger back to the original position. The spring simultaneously moves the
pinion gear away from the flywheel.

When two sets of windings in the solenoid are used, the windings are called the hold-in
windings and the pill-in windings. Both of the windings have the same number of turns
around the cylinder. However, the pull-in winding uses a wire with a larger diameter in order
to produce a greater magnetic field. When the start switch is closed, part of the current flows
from the battery through the hold-in windings. The rest of the current flows through the pullin windings to the motor terminal. The current then goes through the motor to the ground.
When the solenoid is fully activated, current is shut off through the pull-in windings. Only
the smaller hold-in windings are in operation for the extender period of time. This period of
time is the amount of time that is needed for the engine to start. The solenoid will now take
less current from the battery. The heat that is made by the solenoid will be kept at an
acceptable level.
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Pic.26 Start/stop panel for main engines

Starting Motor

1- Field winding
2- Solenoid
3- Clutch
4- Pinion
5- Commutator
6- Brush assembly
7- Armature
Pic.27 Cross section of the starting motor
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The starting motor is used to turn the engine flywheel in order to start the engine. This
motor has a solenoid and when the start switch is activated, electricity will flow through the
windings of the solenoid. The solenoid core will move in order to push the pinion with a
mechanical linkage. This will engage with the ring gear on the flywheel of the engine. The
pinion will engage with the ring gear before the electric contacts in the solenoid close the
circuit between the battery and the starting motor. When the circuit between the battery and
the starting motor is complete, the pinion will turn the engine flywheel. A clutch gives
protection to the starting motor. The engine can not turn the starting motor too fast. When the
start switch is released, the pinion will move away from the flywheel ring gear.

The starting motor is protected from damage in two ways:
•

From engagement with the engine when the engine is running. The control feature
will not allow the starting motor to engage if the speed is above 0 rpm.

•

From continuous starting. For example, if an operator is holding the key in the
Start position after the engine starts, the starting motor solenoid will disengage
after engine speed reaches 300 rpm.

Circuit Breaker

The circuit breaker is a switch that opens the battery circuit if the current in the electrical
system goes higher than the rating of the circuit breaker.

A heat-activated metal disc with a contact point completes the electric circuit through the
circuit breaker. If the current in the electrical system gets too high, the metal disc will get hot.
This heat causes a distortion of the metal disc, which opens the contacts and breaks the
circuit.

- 41 -

3.2. Generators

3.2.1. Specifications and dimensions

Pic.28 Starboard side generator, with the protection covers off

Lady Allison has two Northern Lights M6125T turbocharged 1500 RPM marine diesel
generator set, with specifications as follows:
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AC Output
1500RPM, 50 Hz
Phase

155kW
3
110/190, 110/220, 115/230, 120/208,
127/220, 220/380, 240/416
490HP/2300RPM
460HP/2300RPM
425HP/2300RPM
325HP/2300RPM

Voltages
High Output Pleasure Craft (HPPC)
High Output
Medium Duty
Continuous Duty
Engine
Aspiration
Cylinders
Displacement
Bore
Stroke
Fuel rate-full load
Fuel rate-1/2 load
Crankcase oil capacity
Freshwater system capacity
Minimum battery capacity

Turbo
Inline 6
11 l
125mm
150mm
53 lph
27.6 lph
32 l
32 l
200 amp hrs/800cca

Approximate dry weight:
Keel cooled, less gear
Heat exchanger cooling, less gear

1090Kg
1115Kg

Engine angle
Engine rotation (facing flywheel)
Max. operating angle, any direction
Max. installed operating angle

Counter-clockwise
35º for less than 2 minutes
10º rear down, 0º front down

These generators provide the boat the electricity necessary or the boats functioning.
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3.2.2. Instrument Panel
The Northern Lights Generator Sets have control panels with the following information:
-

SHUTDOWN BYPASS PREHEAT SWITCH: two functions are built into
this switch, the preheating of the engine and the bypassing of the engine safety
shutdown circuit, enabling a quicker start.

-

ENGINE CONTROL SWITCH: need to be held in start position until the
engine is running. To stop the engine, the switch need to be moved to stop
position and released.

-

OIL PRESSURE GAUGE: shows the oil pressure in the engine lubricating
system.

-

WATER TEMPREATURE GAUGE: registers temperature of cooling water.

-

HOUR METER: keeps track of engine running time.

-

D.C. VOLTMETER: when the engine is stopped, the voltmeter indicates the
condition of the battery. When the engine is running, the voltmeter indicates
the voltage output of the alternator.

-

A.C. VOLTMETER: shows the generator output voltage.

-

FREQUENCY METER (HERTZ): indicates the frequency of alternating
current; for our generators 1800 RPM at 60 Hz.

-

AMMETER SELECTOR SWITCH: used to check cach phase for load
condition. This switch must always be on while the unit is running.

-

A. C. AMMETER: shows the generator load on cach phase. The phase is
selected on the Ammeter Selector Switch.
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3.2.3. Servicing
Lubrication

Oils used on generators have to be clean high quality lubricants stored in clean containers
in a protected area. SAE-30W for single viscosity oils or SAE 15-40W for multi-viscosity
ones are the appropriate for air temperature above 0ºC. The oil level in the crankcase must be
checked daily and if it is needed to add any more, it needs to be the same viscosity of oil as is
already in the crankcase.

Engine oil and filter need to be changed after the first 50 hours of operation the first 100
hours and every 250 hours thereafter. Because the boat always operates on the same weather
conditions, there is no need of any extra changes.
The change of oil needs to be done when engine is warm.

The boat has a clean and a dirty lube oil pumps, G&R manufacturer, PQ40 model, with a
capacity of 40 liters per minute. They have a running capacity height of 50 meters and a
power of 1,75 kW at 60 Hz. When the oil needs to be change in either main engines or
generators, there is a pipe at the bottom of the crankcases with a manual valve. Once the
valve is open and the dirty oil pump in operation, it will suck most of the oil in the engines.
Once it is empty and the valve closed again, we use the clean lube oil pump to fill up with
new, clean oil.

The air cleaner needs to be inspected every 250 hours and the filter replaced every 750
hours, or yearly, whichever comes first.

Tension and wear on v-belts has to be checked every 50 hours. The tension is correct if
pressing on the belt at the midpoint between the crankshaft and alternator pulleys with your
thumb, it can be depressed about 10 mm.
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Valve clearances need to be checked after the first 100 hours and every 750 hours
thereafter. Valve should be set cold with a clearance of 0.33 mm for the intake valves and
0.71 mm for the exhaust ones.

Fuels

The generators need clean, high quality fuels of No.2 grade diesel, with less than 1%
sulphur (preferably less than 0,5%), minimum cetane number of 45.
The primary fuel filter has a maximum flowrate of 227 lph and needs to be changed every
250 hours or when necessary.
The secondary fuel filters will be changed every 750 hours.
After changing filters or whenever the fuel system has been opened for service, it should be
bled.

Turbocharger

Check for air leaks every 250 hours. Air leakage will lower the engine output and may
cause black exhaust smoke and soot. A whistling or hissing on the air line while the engine is
running indicates leakage.

Cooling requirements

To meet system protection requirements, the coolant solution must consist of: quality
water, ethylene glycol concentrate (EGC) commonly known as antifreeze and supplemental
coolant additives (SCA’s). This solution must be used year round to protect against freezing,
boil-over, liner erosion or pitting and to provide a stable non corrosive environment for
cooling system components. Check the level of coolant every day before start up abd the
system flushed every 600 hours, or yearly.

The generator is equipped with a spin-on coolant filter conditioner element which
provides the SCA’s to protect the cylinder liners.
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It performs two functions at once:
-

The outer paper element filters out rust, scale or dirt particles in the coolant.

-

The inner element releases chemicals into the coolant to maintain a proper
acid/alkaline balance, inhibit corrosion and suppress erosion pitting which is
discussed below.

Liner erosion (pitting)

Cylinder liner walls which are in contact with engine coolant can be eroded or pitted
unless the proper concentration and type of SCA’s are present in the coolant. Water pump
impellers are also susceptible to pitting.
Vapor bubbles are formed when the piston’s impact causes the liner walls to vibrate,
sending pressure waves into the coolant.
This tiny vapor bubbles collect on the surface of metal parts. As the bubbles collapse, a
microscopic piece of metal is eroded from the metal part. Over a period of time, this pitting
may progress completely through the cylinder liner of a wet-sleeve, heavy-duty diesel
engine. This allows coolant to enter the combustion chamber, resulting on engine failure or
other serious damage.

The SCA’s released by the filter will significantly reduce erosion and pitting. The
chemicals in the additives reduce the quantity of vapor bubbles. It also forms a protective
film on the metal engine parts which act as a barrier against collapsing vapor bubbles.

Other servicing parts

Heat exchanger core will be cleaned once a year or after 2400 hours of operation. Zinc
electrodes installed in the heat exchanger cooling system will be checked every 250 hours or
more often when in warm salt water or where electrolysis is a known problem. The raw water
pump impeller needs to be changed every year or as needed.
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3.3. Electronic steering gear

The installation of this system gives the possibility to install a follow-up servo-assisted
electronic remote control system in parallel to the usual hydraulic circuit for steerings.
A special device, connected to the rudder wheel (encoder), points out the requested angle
variation and, by means of an electronic pump unit (CE), it sends the necessary signals for
the opening/closing, such as to bring the tiller in the new position.
A potentiometer connected to the tiller sends its position to the CE in real time, an indicator
device points out the requested angle (SETPOINT) and another indicator measures the real
angle of the two (RUDDER), which, at the end, shall coincide.
The most important advantages of mounting the kind of servo-control system are the very
little effort that is requested to turn the steering wheel, as it just has to make the encoder
move; the possibility of avoiding all the hydraulic components of the secondary stations
(pumps, hoses), and the accuracy in the positioning (less than 1º) also in case of course
direction reversing.
Thanks to special electronic components normally used for industrial applications with very
low power consumption (HCMOS), it is suitable to work at temperatures ranging between
-20 and 70ºC. The potentiometer (PT) mounted on the tiller (transmitter) is composed by 4
equal sections, which are electrically independent but mechanically interlocked: the sections
number 1 and 2 control the traditional indicator (RUDDER) and the section number 3 sends
the signal to the CE, while the section number 4 in not connected.

Supply voltage

From 12 to 24 Vcc

Power consumption

0,25A

Precision

< 1 degree

Container

In aluminum, tight IP65

Working temperature

From -20 to 70ºC

Weight

2,3 Kg

dimensions

260x95x160 mm
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Lady Allison is equipped with and electronic steering gear with the following technical
data:

Steering pump mod. P89 with tank (emergency)
Type
axial piston pump
Nº of pistons
7
Capacity
89 cm3/rev.
Operating pressure
63 bar
Fittings
G 3/8"
Tank cap
G 3/8"
Weight
9,5 Kg
Hydraulic cylinder mod. MT1600
Max torque
1735 Kg
Operating pressure
63 Kg/cm2
Planning pressure
78 Kg/cm2
Testing pressure
118 Kg/cm2
Setting pressure
78 Kg/cm2
Thrust
6075 Kg
Piston stroke
400 mm
Tiller length
350 mm
Tiller angle
70º
Volume
3857 cm³
Weight
78,8 Kg
Electro hydraulic pump type CO354B-380
Voltage
380 Vac
Power consumption
9A
Setting pressure
68 Kg/cm2
Delivery
25,8 l/min
Tank
180 liters

Hydraulic oil
Viscosity index
Pour point ºF

Hydraulic fluid
ISO VG 46
175
-1004

The electro-hydraulic power unit is divided into two parts with independent tanks. Each
motor-pump is supplied with two electro-valves, one for the auto-pilot and the other one for
the electronic steering.

- 49 -

This system allows the selection from different boat controls, in this case left wing, right
wing, flybridge or wheel house. It can also be controlled manually from the engine room.

In case failures with the main steering system or the hydraulic pump unit occur during
navigation, the boat can be controlled by means of the emergency steering system.
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3.4. Shafts
1- Propeller Shaft

4,61 Kgm2

2- Intermediate Shaft

0,77 Kgm2

3- Flexible Coupling

14,20 Kgm2

4- Adaptableflange

3,85 Kgm2

5- Propeller

The shafts are build with steel C45N with a total
length of 12123,6 mm. The propeller shaft is 2997
mm long and the intermediate shaft 1474,75 mm,
with and oilbath sterngear.

The aft and forward seals are Simplex-Compact
type SC 2A and SC 2Z respectively.

The propellers have 5 fixed blades each, with a
diameter of 1.500 mm and a pitch of 1.467 mm.

Pic.29 Shaftline Diagram
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The aft SC-seal consists essentially of the stationary part, the casing with three sealing
rings, the rotating part and the liner with pertaining zinc anodes. The casing itself consists of
individual rings which are bolted together between which the three sealing rings are housed.
The sealing ring serves mainly as a dirt deflector, while one each sealing rings seals against
sea water and oil respectively.

The forward SC-seal is similar than
the aft seal, consisting of the stationary
part, the casing with sealing rings, the
rotating part and the liner with the split
clamp ring. The casing consists of
individual

rings

which

are

bolted

together. The two sealing rings are
shaped similar to those of the aft SC-seal
Pic.30 Starboard shaft view, from the rear of the engine looking aft

and they are housed between the casing rings. Contrary to the aft SC-seal the two sealing
rings seal only against oil, one ring against the sterntube oil and the other against the oil in
the space between the sealing rings. When the shaft is rotating a circulator located between
the sealing rings ensures that oil is circulated through the respective SC-seal header tank.

Pic. 31 Oil circulating pump on top of the bearing housing
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3.5. Gearbox
3.5.1. General information
The gears used in Lady Allison are ZF Marine gears, BW 750 Family. The design engine
speed for this gearbox is approximately 1.650 to 2.300 rpm, with a maximum of 3.000N of
additional forces on transmission input in radial direction. They have a capacity of 75 liters
of oil and the shaft rotates clockwise (when viewed towards transmission input flange).

Pic. 32 Transmission view 1

Pic. 33 Transmission view 2

Pic. 34 Transmission view 3
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1- Mounting faces for transmission
2, 21, 27- Pressure measuring point for clutch oil
5- Oil pressure measuring point upstream of oil cooler and filter
7- Oil sludge drain plug for filter
8- Input
10- Engine-driven oil pump
11, 12, 41- Oil temperature measuring points
15- Oil cooler
16- Pressure connection for stand-by pump
19- Suction connection for stand-by pump
20- Oil drain plug
22- Pressure measuring point for lubricating oil
23- Transmission breather
25- Oil dipstick
26- Output
32- Oil chamber drain plug
33- Oil filter
34- Emergency control (counter-enginewise rotation)
35- Coolant inlet
36- Coolant outlet
44- Emergency control (enginewise rotation)
37- Inspection cover
46- Oil fill hole
105- Mechanical selector lever for manual actuation
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3.5.2. General design
Lady Allison’s transmissions are abaxial 3-shaft reversing and reduction gears with one
clutch on both the input shaft and the reversing shaft. The principal components exposed to
wear are accessible through an opening in the housing whilst the transmission is still
installed.

The cast transmission housings have exceptional torsion rigidity and consist of a light
alloy which is largely resistant to salt water.

In order to ensure long service life and operation, the power-transmitting gears are
configured for high safety levels, case-hardened, ground and then specially treated.
The shafts run in rolling bearings. Propeller thrust blocks are installed in the transmission.
The reversing clutches arranged on the input and reversing shafts are of multi-disc type with
steel/sinter friction pairing. They are pressed together by oil pressure.

The high pump discharge rate ensures that the clutches respond rapidly when actuated.
During the gearshift process, the clutch contact pressure is modulated to ensure a smooth
shift. At the same time the engaged clutch is fed with an increased flow of oil so that the heat
generated during the gearshift process is rapidly dissipated, meaning the load capacity of the
clutches is higher.

In the event of a fault in the operating oil circuit, the two multi-disc clutches can be
pressed together mechanically using any of the 3 bolts accessible from the outside. This
emergency control method permits either enginewise or counter-enginewise rotation of the
output shaft.

For gearshifts, there is an easily interchangeable control unit with all the necessary
valves, slide valves and other control modules for the operation and lubricating oil circuits
mounted on the gearbox casing. The control unit is operated mechanically via a lever.
Pneumatic, electric or electric/mechanical operation can also be specified.
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3.5.3. Function description

Pic. 35 Transmission and power flow diagram

The transmission and powerflow diagram shows the flow of power for “enginewise
rotation” (output shaft rotating in same direction as input shaft) and for “counter-enginewise
rotation” (output shaft rotating in opposite direction to input shaft).

Full engine power can be transmitted in both directions of rotation. The ratio indicated on
the type plate applies for both rotation directions of the output shaft. Identical transmissions
can therefore be used for multi-engine installations. This requires fewer spare parts and
permits the use of standardized exchange units.
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3.5.4. Oil supply and transmission cooling
The transmission housings are designed as oil reservoirs. One gear pump is installed to
supply oil for transmission lubrication and cooling as well as multidisc clutch engagement.
This pump feeds oil to the pressure oil circuit at a rate dependent on the speed of the
transmission input shaft. In order to ensure ample oil for transmission lubrication and cooling
event at a low transmission input speed, a high capacity pump is used.

The flow of oil is kept constant and the operating efficiency of the transmission improved
by means of a valve in the oil circuit which is controlled by oil pressure. This valve returns
excess oil directly to the inlet (suction) side of the pump at high engine speed.

The oil pump is driven by a spur gear set of the input shaft. The spur gear ratio is adapted
to the engine speed.

Transmission oil is cooled by a transmission-mounted oil cooler, made from salt waterresistant material. After cooling, the oil passes through an oil filter (plate-type filter) to the
control unit and then on to the clutches and the transmission lubrication points.

Connecting unions are included as standard for monitoring transmission temperature, oil
pressure upstream of the filter, lubricating oil pressure and clutch oil pressure.
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3.5.5. Control unit and transmission actuation
The control unit is a complete module fitted on the transmission housing. It comprises:
-

a spool valve for charging and draining the clutch packs

-

a control valve for the clutch pressure level

-

a time switch for modulating the clutch pressure

The spool valve is moved axially into the respective shift position. Depending on the
actuation system, the valve is moved mechanically, pneumatically or hydraulically. The oil
flowing out from the control unit is used to lubricate and cool the clutch discs, meshing gears
and bearing locations.

Lady Allison’s gearboxes are mechanically actuated, where the spool valve is moved via
the selector lever located on top of the control unit. A dial shows the current shift position
engaged. The basic transmission version is also mechanically actuated.
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4

AUXILIAR SYSTEMS

4.1. Fuel separator

Pic. 36 Fuel system diagram
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The fueling system on Lady Allison is a gravity system; pumps are no needed. Only the
intake valves need to be open when fueling is going to take place. The fill-in points are on
the main deck. Once all the tanks are full, fuel transfer pumps are used to move fuel from one
tank to another and into the main tank. Through the fuel transfer manifolds (see picture
below), the transfer pump sucks from the different tanks, to the Alfa Laval and into the Day
Tank). The fuel can also be transfer without going through the fuel separator. Due to the
purity of the fuel used onboard (diesel), there is no need for gravity and sedimentation tanks
or heaters.

The fuel transfer pumps used in Lady Allison are G&R, 1.5 kW at 1.680 rpm. The same
pumps are used for the oil system; valves on the oil lines need to be open and when the pump
is running it creates a vacuum that will suck the oil from the tank and send it where the outlet
valve is open. These pumps are also used for trimming the boat, sending the fuel from one
tank to another.

Pic. 37 Fuel trim pump

Pic. 38 Fuel transfer manifold
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4.1.1. General information
The purpose of a fuel separator, also call Alfa Laval, can be:
-

to free a liquid of solid particles

-

to separate two mutually insoluble liquids (in this case fuel and water) with
different densities, removing any solids at the same time

-

to separate and concentrate solid particles from a liquid

Separation by gravity

A turbid liquid in a stationary vessel will clear slowly as the heavy particles in the liquid
mixture are sinking to the bottom under influence of gravity. The lighter liquid phase will
rise while the heavier sinks.

Continuous separation and sedimentation can be achieved in a setting tank having the
outlets arranged at levels suited to the density or density ratio of the two liquid phases. Any
solid and heavier particles in the liquid mixture will settle and form a sediment layer on the
tank bottom.

Centrifugal separation

In a rapidly rotating vessel the gravity is replaced by the centrifugal force, which can be
thousands of times greater. Sedimentation and separation is continuous and happens very
quickly. When liquid and solid particles in a liquid mixture are subjected to the centrifugal
force in a separator bowl, it takes only a few seconds to achieve what takes many hours in a
tank under the influence of gravity.
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4.1.2. Mechanical function
The separator used on M/Y Lady Allison is a MAB 104. These are centrifugal separators
intended for the removal of impurities from fuel and lubricating oils. The separator must be
stopped at regular intervals and the bowl opened for removal of sediment.
Alfa Lavals are very particular machines when it comes to service them. Manuals are the best
way to do it right; they are very simple and easy to follow.

1- Power transmission (inside frame parts)
2- Frame parts
3- Pump
4- Bowl (inside frame parts)
5- Inlet and outlet
6- Motor
Pic. 39 Major machine parts
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Pic. 40 Schematic installation layout of Alfa Laval

A- Oil feed to pump
B- Oil to heater
C- Oil to separator
D- Oil from separator outlet
E- Liquid-seal supply
F- Water outlet
G- Air supply for three-way valve

1- MAB separator

8- Regulating valve

2- Oil strainer

9- Liquid-seal alarm cabinet

3- Feed/discharge pump

10- Air reducing valve

4- Plate heat exchanger

11- Check valve

5- Three-way valve

12- Shut-off valve

6- Pressure switch

13- Regulating valve

7- Pressure gauge
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1- Bowl spindle
2- Top bearing and spring casing
3- Worm wheel
4- Worm
5- Friction coupling
6- Worm wheel shaft
Pic. 41 Power transmission

The motor rotates the bowl through the friction coupling and worm gear. The friction
coupling ensures a gentle start and acceleration and prevents overloading of worm gear and
motor. The worm gear serves to adapt the bowl speed to the motor speed.
To decrease bearing wear and prevent transmission of bowl vibration to frame and
foundation the top bearing of the bowl spindle is isolated.

It is essential to operate the machine at the correct
speed in order to achieve the best separation results and
for reasons of safety.

This machine does not have an electric revolution
counter. Instead there is what you can see on picture 3,
where a small mark helps you to count the revolutions.

Pic. 42 Detail of the revolution counter

- 64 -

The gear pump is directed-driven by the worm wheel shaft.

The bowl body and the hood constituting the bowl casing are held together by the large
lock ring. In the bowl are the distributor and the disc set through which the process liquid
(oil/water) is passed and where-in the separation takes place. Uppermost in the disc set lays
the top disc. The heavy liquid phase (water) leaves the bowl through the gravity disc, which
is clamped to the bowl hood top by the small lock ring.

It is important to add than in all centrifugal separators the bowl is running at a very high
speed, normally between 5000 and 9000 rpm.
Great forces are generated, subjecting the machine to heavy stress. It is essential to follow
exactly the directions given in the instruction manual concerning assembly of bowl,
operation, overhaul and safety precautions.
We must have in mind that the bowl is a balanced unit, which will get out of balance when
incorrectly assembled or insufficiently cleaned.
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4.1.3. Separation function
With an Alfa Laval the bowl can be assembled either as a purifier (two outlets) or as
clarifier (one outlet).

Purification

The process liquid is pumped by
the feed pump through a heater to
the separator. By means of a valve
the

liquid

can

be

brought

to

recirculate through the heater until it
has obtained the correct separating
temperature. The purified oil leaves
the separator through an outlet (2)
and the water separated out through
another one (5).

Pic. 43 MAB bowl arranged as a purifier

The purifier bowl has two outlets. The process liquid (oil/water mixture) flows through
the distributor to the space between the bowl discs. The water and any solids move towards
the bowl periphery where the solids settle on the bowl wall. The water leaves the bowl
through the outlet (5). The oil moves towards the bowl centre and discharges through the
outlet (2).

To prevent the oil from passing the outer edge of the top disc and escaping the outer way
with the water, a liquid seal must be provided in the bowl. To this end the bowl must be filled
with water before the process liquid is supplied. The latter will then force the water towards
the bowl periphery. An interface will be form between the water and the oil and its position
can be adjusted by altering the diameter of the water outlet (i.e. exchanging the gravity disc).
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Clarification

The

clarification

process

is

basically the same than in the
purification, but the bowl has only
one outlet. By means of a valve the
liquid can be brought to recirculate
through the heater until it has
obtained

the

correct

separating

temperature, as in the purification
process. The clarified liquid (oil)
leaves the separator through the
outlet (2).
Pic. 44 MAB bowl arranged as a clarifier

In this case the discs don’t have any holes and there is no water seal. The process liquid
(oil/solids) flows through the distributor to the spaces between the bowl discs. The solids
move towards the bowl periphery and settle on the bowl wall. The liquid (oil) moves towards
the bowl centre and discharges through the outlet (2).

On M/Y Lady Allison the Alfa Laval is used as a purifier only.

- 67 -

4.1.4. Separating results
There are some factors that influence the separation, mentioned as follow.

Viscosity

Low viscosity facilitates separation. Viscosity can be reduced by heating, that’s one of
the reasons why we recirculate the process liquid through the heater until it has obtained the
correct temperature.

Density difference (specific gravity ratio)

The greater the density difference between the phases of the process liquid, the easier will
be the separation. The difference can be increased by raising the separation temperature.
Here we have another reason for the heating of the process liquid.

Position of interface

The interface between the liquid seal and the oil should be positioned as close as possible
to the bowl periphery. However, the interface must not be located so far from the bowl centre
that the oil will pass the outer edge of the top disc, breaking the liquid seal and discharging
with the water.

Factors influencing the interface position are:
a) oil density: a high oil density will position the interface nearer the bowl periphery
than will a low density
b) size of throughput: as a rule, the interface will be located closer to the bowl
periphery at a high throughput than at a low one
c) gravity disc: as mentioned before, the location of the interface is adjusted by
altering the outlet for the heavy liquid phase (water). Changing to a gravity disc
with larger hole diameter will move the interface towards the bowl periphery,
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whereas a disc with smaller hole diameter will position the interface closer to the
bowl centre.

On the manuals we can find some nomograms that can help finding the correct gravity
disc. However, those nomograms are purely theoretical. In practical operation the general
rule is to use the gravity disc having the largest possible hole without causing a break of the
liquid seal.

Following, some of the pictures I took while servicing the Alfa Laval:

Pic. 45 Alfa Laval service
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4.2. Fresh Water System

Lady Allison has two watermakers that produce fresh water for the boat. The water
produce for the watermakers goes into the fresh water tanks and from those gets pumped to
the pressure tank by a group of two pumps. From the pressure tank the water goes through a
UV sterilizer unit to supply fresh water to the cabins, the galley, the heater and different
appliances.

The electric boiler has a capacity of 300 liters at a maximum pressure of 6 bar. The
pressure tank capacity is 80-160 l/min with a power of 1,5 kW, 60 Hz.

Pic. 46 Boiler

Pic. 47 Fresh Water Manifold
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Pic. 48 Fresh Water Diagram
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4.2.1. Watermakers

1- Start/Stop buttons
2- Salinometer
3- Hour counter
4- Low pressure pump
5- Needle valve
6- Flowmeter production
7- Inlet membrane gauge
8- Outlet filter gauge
Pic. 49 Watermaker front view

Lady Allison’s watermakers are from the manufacturer HEM, model ‘SERIES40HEM’
and with a capacity of 4.000-4.500 liters per day, using an osmotic process.

Sea water is taken in by the low-pressure pump set to approx. 3 bar and pushed to the
sand filter first and to pre-cleaners second, first 25 micron and then 5 micron.
From the high-pressure pump it flows through the membranes where a reverse osmosis
occurs. Approx. 15% of the sea water will be desalted whereas the residual 85% of the
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concentrate will be discharged. The desalted water is controlled by the salinity sensor prior to
being stocked. If salinity is inferior to 800 PPM the desalted water passes through to the
solenoid valve, to the active carbon filter and then to the tank. If salinity is superior to 800
PPM, then the solenoid valve automatically opens and the water production is discharges
until salinity ranks below 800 PPM.

The sand filter is used for retaining the roughest impurities contained in sea water. This
filter includes 3 different and variously-sized layers of quartz sand. The filter sand lasts for at
least 5 years.
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4.2.2. Sterilisation system
The use of ultraviolet rays guarantees the destruction of the bacteria inside the
sterilisation chamber. All the parts that come into contact with the fluid are made of an ISI
304 stainless steel or quartz glass, with o-ring in Viton tight.
The model used in Lady Allison is suitable for the sterilisation of profiteered water with an
iron content no more than 0,5 PPM and a low content f organic substances. Under these
conditions the system is able to guarantee the destruction of 95% of the bacteria, at the
nominal capacity.

The functioning of the system occurs completely automatically. The only indispensable
operations are the periodic substitution of the germicidal lamps and the cleaning of the
protective quartz, as needed.

Under normal functioning conditions the usable lifespan of the lamps can be estimated
between 7.000 and 9.000 hours, with parameters depending on various factors, the first of
which is the number of ignitions per day.
In any case it is recommended to replace the lamps at least once a year.

Following some of the pictures I took while servicing the Watermakers.
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Pic. 50 Watermaker service
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4.3. Sewage System

Lady Allison has a Hamann sewage
treatment plant, vacuum pumps, automatic
pumps, dry running protection pump and
submersible electrical pump.

Pic. 51 Sump and Sewage pumping diagram
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4.3.1. Vacuum pumps
Principle

The vacuum pumps are from the brand Jets, model 25 MB A and with a capacity of 26
m3/h.

Jets Vacuum systems use differential air pressure (vacuum) for transport of the sewage
from the toilets to the sewage treatment plant (STP).
Vacuum is created by a liquid ring screw pump with an integrated macerator, in the
following called Jets Vacuumarator.
The Jets Vacuumarator’s main function is to create vacuum in the piping system. Down
stream the Jets Vacuumarator macerates the sewage and pumps it to the sewage treatment
plant.
A non-return valve mounted on the vacuum side of the Vacuumarator, separates the vacuum
side from the atmospheric side of the system. Start and stop is controlled by a pressure
switch, starting the Vacuumarator at approximately 35% vacuum and stopping at
approximately 50%.

Function

Each toilet is connected to the vacuum discharge pipes via the Jets valve. The valve is
open only during the discharge cycle.

One or more vacuumarators keep the discharge pipes under vacuum. Start and stop of the
vacuumarator is controlled by a pressure switch. A non-return valve incorporated in the
vacuumarator closes off the connection to the mains when the vacuumarator comes to a stop.
When the toilet is operated, the Jets Vacuum interface valve is activated, sewage, waste
water and air are sucked into the vacuum mains and transported to the vacuumarator. The
macerator integrated in the vacuumarator finally pulps the sewage while pumping it to the
Sewage Treatment Plant (STP).
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Mode of operation

Jets Vacuumarator is a screw pump with liquid ring seal. As it is been mentioned before,
a macerator for macerating of sewage is incorporated in the vacuumarator. The macerator
consists of one rotating knife fixed to the shaft and one stationary knife fixed to the suction
chamber.

The principle of operation is a twin start helical rotor running in a cylindrical tube, which
together with two end plates forms the pump body.

When the Vacuumarator is filled with liquid and started, a liquid ring is created round the
rotor. The depth of the liquid ring is governed by the size of the opening in the end plate on
the pressure side. This opening is arranged so that the created liquid ring will be touching the
rotor hub on one side and the rotor tips on the other. This arrangement creates a series of
progressive crescent shaped cavities travelling from suction to pressure side. Air, sewage and
water are pulled into those cavities and transported through the vacuumarator.

The sewage is macerated by the integrated macerator before it enters the pump body.
The required sealing liquid is maintained by a liquid seal tank on the outlet of the
vacuumarator.
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Technical data

Capacity

26 m3/h

Flushing capacity at 50 Hz

190 flushes/h at 2.880 RPM

Flushing capacity at 60 Hz

240 flushes/h at 3.456 RPM

Outside dimensions

200x692x275 (WxLxH)

Electric motor

MEZ 7BA 100L02

Rotor housing material

Stainless steal AISI 316

Pump rotor material

Stainless steal AISI 316

Pump knives material

Stainless steal AISI 420

Pump shaft material

Stainless steal AISI 316

Connection, inlet

DN 50, PN 10

Connection, outlet

DN 32, PN 10

Connection, liquid seal

½” BSP, inside threads

Sealing liquid demand

4 liters/minute

Total weight

66 Kg

Pic. 52 Vacuum Pumps
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4.3.2. Grey water tank
The water from sinks, washing machines, showers, etc. is transported to the grey water
tank, equipped with a level switch and the ED-valve (electronic discharge). The valve is
activated by the water level inside the tank.

The ED-valve consists of the following components:
- 3-way solenoid valve air/vacuum
- non-return valve
- membrane guide
- electronic control
- centre housing
- shut-off membrane
- spring helical

When is deactivated, the solenoid valves are closed and the shut-off membrane is in
closed position.

When discharging, a level switch in the tank activates the electronic control which opens
the solenoid valve. The solenoid valve opens for the air in the centre housing and evacuates it
into the vacuum pipe. The vacuum in the centre housing lifts the shut-off membrane and the
content in the grey water tank is effectively discharged into the vacuum pipeline.

After approx. 18 seconds the solenoid valve closes off the vacuum to the pipeline and
opens to the atmosphere. The air enters into the centre housing and pressure equalizes. The
spring helical brings the shut-off membrane back to closed position.
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Pic. 53 Holding Tank
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4.3.3. Discharge pump
The discharge pump is a small system-integrated, non clogging centrifugal pump. Is
designed for discharging sewage from the sewage treatment plant.

Technical data

Pump

Herbomer 4/HK 50-F

Electric engine

AEG AM 100 LS 2

Material pump housing

Cast iron

Material pump impeller

Cast iron

Material pump shaft

Stainless steel 1,4571

Connection inlet

DN 50, PN 10

Connection outlet

DN 50, PN 10

Total weight

49 Kg

Pic. 54 Discharge pump, also known as EVAC
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4.3.4. Sewage treatment plant
The sewage treatment plant on board Lady Allison is a Hamann HL-CONT, 1m3/Mini LFrame. The power of the plant is 1,7 kW, with and organic loading of 18 Kg/day of
Biochemical Oxygen Demand (BOD).
The components of the plant are a mix/draining pump (1,5m3 0,75 kW), macerator (0,55
kW), dosing pump (0,02 kW) and dry run protection pump (0,31 kW).

Function description

All waste water, such as grey and blackwater, flow into the holding tank. When the
sewage reaches a designated start-level, the sewage treatment plant starts operating.

With placement of the suction pipe about 300mm above the tank bottom, there is space at
the bottom of the tank for sludge collection. The sludge can be rinsed and pumped out of the
treatment plant when the ship sails in unrestricted waters (usually outside 12 mile zone). This
can be done either through flushing out the treatment plant several times or by pumping out
the sludge with a sludge pump. The sludge can also be pumped to an on-shore facility.

When intaking sewage through the macerator, it will pass an air-went at the highest point
in the piping loop and will be aerated, mixing one third air into the sewage volume.

Enlargement of the surface area occurs through both the macerator, which cuts all solids
into 1mm pieces and a mechanical force created through a strong turbulence, which, when
the sewage flowing into the chamber of the mixing and draining pump meets the propellers
directing flow in an opposite direction, will further break the organic material into smaller
pieces. On the optimally enlarged surface area follows the physical/chemical reactions.
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Sewage that is in the reaction chamber of the mixing and draining pump consists of twothirds sewage water and one-third air plus Sodium Hypochlorite, which was placed by the
dosing pump into the water before flowing into the reaction chamber. Through the oxygen
(air) and the Chlorine that are then present, organic particles will be oxidized, and bacteria
will be destroyed.

To increase the efficiency of oxidizing organic matter and destroying bacteria beyond the
reaction chamber, the reaction time will be prolonged by allowing the sewage to flow into a
whirl container. The sewage flowing out of the whirl container will have been treated
according to standards and regulations set by IMO.
The efficiency of the flow-through-method is dependant upon high quality materials, such as
a hypalon stator, tungsten cutting knives, stainless steel cutting rings, stainless steel AISI 316
for all parts in contact with chlorine and sewage, Teflon diaphragms in the dosing pumps,
etc.

The sludge pump serves to insure easier sludge removal as well as to provide additional
pumping effort in the case of an emergency or alarm. When the vessel is operating in
unrestricted waters, the plant can be switched from “harbour-working” over to “seaworking”, s that the tank can be emptied with only the sludge pump.

Dry Running Protection Pump

The dry running protection pump on board is type DRPP 8/60-30 and its function is to
deliver sea water. It is a magnetically coupled centrifugal pump, non-self priming, singlestage, made of plastics and designed in a modular system for horizontal mounting. The pump
and electric motor are connected by a magnetic clutch which transmits the drive power to the
impeller. The pump housing hermetically seals the fluid against all atmospheric influences.
Due to the magnetic power transmission, the centre shaft needs not to be sealed. The pump
housing parts are sealed by static o-rings. The impeller of the pump is radial-flow wheel.
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Constaflow (Flow Rate Regulation)

The Constaflow is used for regulating or providing constant water flow to pumping
systems so that they don’t operate without fluids or providing water at a constant rate for the
dilution of black water that is about to be treated.

Dosing Pump

This pump is a BT4a 1005. The main components are: operating panel, power end and
liquid end.
Chemical feed occurs as a result of pulsed deflections of the dosing diaphragm within the
liquid end, which causes pressure differentiation between the suction side, the liquid end
cavity and the discharge side. The pressure differentiation causes the suction and discharge
self-acting valves to open and close, resulting in chemical feed.
The dosing diaphragm is driven by an electromagnet, which is stimulated and controlled by a
microprocessor.

The feed rate is determined by the stroke length and stroking rate. The stroke length is
adjustable between 0% and 100% using the stroke length adjustment knob. However,
reproducibility is only technically practicable in the adjustment range of between 30% and
100%.

Mixing and Draining Pump

The eccentric screw pump is a self-priming, rotary positive-displacement pump for
handling sewage. The conveying elements of the pump are the rotating eccentric screw
(rotor) and the fixed stator, both meet in the cross-section at two points each which, regarded
over the length of the conveying elements, form two sealing lines. The contents of the tight
chambers formed as the rotor rotates are shifted axially and completely continuously from
the suction to the outlet side of the pump. There is no turbulence despite the rotor rotation.
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The constant chamber volume excludes squeezing thus ensuring an extremely gentle lowpulsation delivery.

Macerator

A macerator is a wet crusher for crushing, homogenizing and dispersing flowrate
liquid/solid encrustations. The crushing elements consist of the rotating impeller and the
stationary cutting ring. The drive torque is transmitted onto the impeller via the shaft.

The solids suspended in the delivery medium are seized by the rotating impeller and are
flung against the cutting ring. The solids are uniformly crushed between the cutting edges of
the impeller and the cutting edges of the cutting ring. The crushed solids and the carrier
liquid enter the macerator housing through narrow slits in the impeller and through the gap
between the cutting tools and are then transported further by a downstream pump.

Vacuum switch 1 controls the
pumps On/Off. Vacuum switch 2
triggers the alarm. Switch 2 is set to
a lower vacuum than the switch 1.

The valve, circled in red, opens
the end of the vacuum pipe causing
suction flow in all the small bore
pipe work sucking back any solid
material (toilet paper is a favourite)
that may have migrated into the pipe
work.
Pic. 55 Evac Vacuum Switches

If the pipe work is clear you should have a sudden loss of vacuum causing the alarm to
trigger as soon as you have opened the valve.
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4.4. Stabilizers

Pic. 56 Starboard Stabilizer

The purpose of the stabilizer system is to supply artificial roll damping to the hull of the
vessel. This is achieved by applying a torque about the roll axis which is proportional and in
opposition to the natural roll of the hull. The stabilizing torque is generated by upward or
downward thrust, normal to the angled fins, induced by water flow over the fins as the vessel
moves forward.

The stabilizers on Lady Allison are VK3537 Series 2 Koopnautic Samos. Their installation
comprises the following:
-

Control System

-

2 Hydraulic Piston pumps / 200L Oil Reservoir

-

Two Fin and Top Plate Assemblies
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The stabilizing assemblies are mounted so that the fins project from the hull below the
waterline. The fins are free to rotate to their operational limits. The assemblies are mounted
so that, when centred, the fins do not project beyond the beam at the waterline, or lower than
the keel.

Signals delivered from measurement of the ship’s rolling motion are compared with fin
angle feedback and the resultant signal is used to control the electro-hydraulic servo valves.
The servo valves control the oil supply to hydraulic actuators, which are mounted on the top
plates, to position the fins at the angle required to produce the stabilizing torque.

Control of the fins and associated equipment is effected by the following units:
-

Motion-sensor. This unit provides selective switching and control signals to
operate the fin. Provision is also made for simulated rolling of the ship (forced
roll).

-

DATUM graphical display. This panel provides facilities for starting, stopping
and monitoring of the stabilizer.

The two fins and top plate assemblies are supplied by a central hydraulic power supply.
The stabilizers can be used whenever the ship is moving ahead in open water. The stabilizer
system must be stopped with the fins centred before going astern, manoeuvring and entering
or leaving harbour.
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4.4.1. Technical data

Hydraulic Actuators
Palm Stock
Servo Manifold Assembly
Servo Valve

Top Plate Assembly
80mm bore, 55mm rod, 280mm stroke
Nominal diameter 180mm
c/w Pressure Filter (10 micron)
100 litres/min (max)

Tank
Filters
Pressure filter

Hydraulic System
200 Litres capacity
10 micron air filtration
Mounted on servo valve manifold, 10 micron

Working pressure
Flow rate cooling water

120 bar
50-70 litres/min
Fins

Surface Area
Chord Length at Root
Chord Length at Tip
Outreach from Hull
Material

2

3,65 m
3230mm
2370mm
1330mm
Steel
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4.4.2. Top Plates
Top Plate

The top plate assembly comprises a steel welded top plate with a hull bushing which is
the integral housing for the fin stock lower bearing brush. Two horizontally positioned flat
bars in the back of the top plate provide anchor points for two hydraulic (double acting)
actuators. A fin angle feedback transmitter and two centring spindles are located opposite of
the stabilizing actuators. If enough space is available, the manifold with servo valve can be
mounted on the rearside of the top plate.

Fin Stock

The fin stock is a steel forging supported at the top by a spherical roller bearing and at its
lower end by a plain bearing. The tiller is positioned on the stock against the stock locknut
and splines. The tiller is clamped on the splined shaft (to prevent any play) by tightening
three M16 hex. bolts.

Stock Spherical Roller Bearing

The spherical bearing maintains the stock in its correct alignment and acts as a thrust
bearing, supporting the weight of the stock in its correct axial position. The bearing
comprises a double row of caged spherical rollers running between an inner and outer race.
The spherical roller bearing is part of the bearing housing subassembly.

Tiller

The tiller is a split type with two diametrically opposed fork end extensions. The tiller
provides positive drive to the stock through a spline and is clamped to the top of the stock by
three bolts.
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Fin Feedback Transmitter

This supplies information as to the position of the fin. The fin angle sensor is mounted
between the centring actuators on the top plate. An aluminium lever and two ball joints
transmit the movement of the tiller to the fin angle sensor.

Hydraulic Actuators

The hydraulic actuators, which move the tiller, are of the linear double acting type. Selfaligning swivel eye bearings are used at the attachment of the hydraulic actuators to the tiller
and to the top plate anchor points to permit radial movement. There bearings comprise an
inner spherical bearing and an outer bearing. The outer bearing is a push fit in the eye ends of
the hydraulic actuators. The four cylinder pins attach the actuators to the top plate and tiller.
A locking plate holds the cilinderpins in position and prevents against rotation.

Hydraulic Actuator Operation

The electro-hydraulic servo valve directs oil into one end of the cylinder causing the
piston to move towards the opposite end. Oil in the opposite end of the cylinder is exhausted
through the electro-hydraulic servo valve. The two actuators are cross-linked mechanically
by the tiller and hydraulically.
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4.4.3. Hydraulic System
The two fins are driven by hydraulic pressure generated within a hydraulic system. Power
is fed into the hydraulic system by means of variable displacement piston pumps.

From the pump, oil is delivered to a pair of double acting hydraulic linear actuators on
each top plate assembly via the isolating valve, pressure filter and a servo manifold block
assembly.

Hydraulic oil is returned from the actuators to the tank via an oil cooler and return
tanktop filter, both mounted on the oil reservoir.

The closing valve is opened to pressurise the standby pump and unload the main pump.
Although the noise level produced by the pump is very low, a noise suppressor is mounted
directly on both pumps in the pressure line. This noise suppressor reduces the noise from the
activated pumps.

Each stabilizing assembly is controlled by an electro-hydraulic proportional servo valve
mounted on a manifold block assembly. This servo valve directs the oil flow to and from the
hydraulic actuators.

The servo valve operates in response to stabilizing signals from the control system; its
purpose is to alter the direction and amount of the flow of oil to the hydraulic actuators to
control the direction/speed of rotation, and limit the angle of rotation, of the fin.
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4.4.4. Fins
The fin is a steel fabrication of streamlined sections and vertical stiffening plates. It is
constructed from a fin flange, a leading edge tube and a two trailing edge bars which are held
together by supporting webs with facing plates and enclosed by a wrapper plate. The fins
water tightness is checked by pressurising it to 0,5 bars.

The fin flange, which is recessed into the fin within the streamline section, is machined to
match the palm end of the stock. Relative location of the fin and fin stock is effected by a
palm spigot and the fin stock bolts. A tapped hole is provided, on the fin under the fin flange
closing plates, to accept eye bolts; these are used in conjunction with the lifting tackle.
Additional lifting holes are provided in the fin at the root and tip of the rear of the fin
coupling flange.

The fins are steel blasted and primered with Sigma cover primer.

Pic. 57 Oil Tank for Port Stabilizer
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4.5. Deck Equipment

Lady Allison has different equipment on deck to make docking easier for the crew, such
as capstans, bowthruster and anchor windlass.
She has two capstans on the stern, one on each side of the boat. There are from Steen
manufacturer with 8,4 kW of power each.
The bowthruster is also Steen, 50 kW and more than 800 Kg of weight.

Lady Allison is also equipped with a diving compressor, located in the lazarette at the
stern of the boat.

In order to get on and off the boat, there is a Riviera hydraulic gangway on the starboard
side of the stern, with and Akerboom power pack. The boat can also be boarded from both
sides by manual stairs that get stored on the sides of the main deck.

Lady Allison also has an anchor windlass to help pick up the anchors. The anchors
weight 180 Kg each and the chains have a pass of 64mm and a diameter of 16mm.
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5

POLLUTION

Lady Allison has different systems to prevent to pollution of the sea. The main one is the
oil-water separator. We could also include in this section the sewage treatment plant,
although it is already been explained as an auxiliary system.
She is also equipped with a basic set of products to help contain the pollution in case of an
accident, such as boots and special plastic suits, rubber gloves, plastic glasses and oil on
water containment barriers to float around the spill.

Every time that the boat is been bunkered, there are certain precautions that are taken.
There are two different fuel filling stations on board, on the stern and on the main deck port
side, where the engine room access is.
All the scuppers get blocked and the deck gets sprayed with water around the filling point to
prevent the teak getting stained in case of a leak. Oil absorbers are always available in case of
leakage. The maximum capacity that the pipes can take is 300 l/min for safety reasons. Also
fire extinguishers are brought to the filling station and a connected fire hose is ready and
connected to the fire mains. The bravo flag is raised during bunkering and the fire fighting
suits and B.A. sets are brought to an easy access point.

The boat also has an ‘overfill tank’
with an alarm float switch. In case
there is an overfill while bunkering,
the alarm will go off letting us know
that the tank are full. Thanks to the
overfill tank, there will be time to stop
the bunkering before the pipe work is
completely full.
Pic. 58 Overfill tank and alarm float switch
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Pic. 59 Port Main Deck filling station

Pic. 60 Stern filling station

Pic. 61 Blocked scuppers on main deck
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5.1. Oil Water Separator

The oily-water separator system on board of M/Y Lady Allison is a DVZ system, prototype tested
acc. IMO-Resolution A 393/X, maximum oil content less than 5 ppm in overboard discharge water.

Pic. 62 Operating Diagram

The DVZ-VC-"OILMASTER" is a combinated gravity coalescence oil separator to
avoid unnecessary mechanical emulsions the oil separation pump draws mixture from the
bilge or bilge water tanks through the oil separator. The oil-water mixture enters the oil
separator dome from above. This has the advantage that free components of oil are deposited
with water and form a buffer. The oil-water mixture subsequently enters flows through this
buffer, which thus constitutes the primary separation stage because more and more particles
bind with one another due to the adhesion properties of the oil. Even suspended matter which
is heavier than water finds it difficult to penetrate this oil buffer. The pre separated mixture
then flows down to the bottom of the oil separator.
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Sediment which has not already been trapped in the oil buffer is deposited at this point
and therefore cannot impair the ensuing coalescence process.

From the bottom of the oil separator the water, which is virtually free of sediment, is
directed through 180° upwards into the internal chamber. During this upward flow the water
passes through the coalescence element. The droplets of oil distributed finely in the
dispersion coalesce, form drops and migrate upwards into the internal oil collection chamber
on account of the buoyancy now achieved.

The remaining water separated from the oil is discharged out of the vessel by the oil
separation pump via a measuring section. A flow from this measuring section is fed through a
so-called 15ppm meter and alarm unit. This appliance measures the oil content in the water
and controls a 3/2-way valve which discharges the water out of the vessel, or back to the
bilge if the oil content limit of 15ppm is exceeded.

A conductivity sensor measures the level of oil inside the dome of the oil separator. At a
defined quantity of oil it transmits a control pulse to the automatic DVZ-oil drainage control
system.

The oil drainage valve on the oil separator dome and a special valve on the internal oil
collection chamber open. At the same time the direction of pump rotation is changed.

The pump now draws sea water and pushes out of the internal collection chamber into the
dome and flows, together with the oil separated in the dome of the oil separator, through the
jet wash oil drain into the dirty oil tank, not under any pressure.
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5.1.1. Jet Wash
The conductivity sensor and the oil drain are not located in different sections, but in a
common pipe socket. This has the advantage that the oil emerging passes the sensor at high
velocity, as does the following water. This following water washes any clinging residual oil
off the sensor and initiates a pulse to close the oil drainage valve in good time. This prevents
water from entering the dirty oil tank of the vessel due to the delay in switching. Naturally
the switching points of the sensor are deep enough to prevent the purging water from arriving
at the oil intake. The oil stopper described earlier remains intact. It prevents water from
entering the dirty oil tank and simultaneously serves as an effective aid to separation, as
described above.

Pic. 63 Oil water separator view
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5.2. Garbage Record Book

Another measure taken on board against pollution is the garbage management. All the
garbage gets stored on a locker in the bow and only deposited on facilities for this matter on
shore.
Plastics, bottles and cans get compacted before thrown into the garbage to help use as less
space as possible.
In American water is needed to separate wet and dry garbage.

A record book is kept on board and it contains all the information regarding the type and
amount of garbage and locations where it is deposited. This is according to the ISM code.
However Lady Allison been under 500 Gross Tones doesn’t need to conform to this but the
management company prefers to do so.
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6

SAFETY ON BOARD

Safety on board can be separated into two main categories: fire fighting systems and
survival at sea. Lady Allison complies with the STCW95’.

6.1. Survival at Sea

All the equipment on board applies with the current legislation.

Pic. 64 Safety equipment on board
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6.1.1. Liferings
There are 8 liferings on the ship, 4 on the main deck and 4 on the bridge deck. On both
decks, the liferings on the front have both smoke and light signals.
As soon the liferings are removed from their position, the safety rope brakes and the orange
smoke starts going out. That helps keep a watch and locate the lifering.

All rings contain unicellular polyurethane foam for buoyancy. Floating polypropylene
grab lines are secured inside the foam core and contain UV stabilizers to ensure sunlight
resistance. They are SOLAS approved models equipped with reflective tape.

6.1.2. Lifejackets
In each cabin (crew and guests) there are two inflatable lifejackets ready to be donned in
an emergency. The position of the buoyancy on the wearer’s torso is such that a righting
moment (rotational force) is developed that will eventually float most persons who are face
down into a face up attitude with their bodies inclined backward.
The air chambers are always located over the breast, across the shoulders and encircling the
back of the head. They may be inflated by either self-contained carbon dioxide cartridges or
blow tubes with a one-way valve for inflation by exhalation.
The inflatable lifejackets on board react with the salt/fresh water or to water pressure when
submerged. Regardless of how the trigger is pulled, a pin punctures the cartridge/canister and
the CO2 gas escapes into the sealed air chamber.

There are also extra lifejackets in different positions of the boat (bridge x 2, engine room
x 2, lazaretto x 15 , galley x 1).
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6.1.3. Immersion Suits
On board Lady Allison there are several immersion suits that comply with Solas. There
are different sizes, 10 medium, 10 large, 2 extra large and 3 small. The suits are equipped
with non-slip soles, air release valves and an inflatable head support. They are standard with
reflective tape and a Solas grade whistle.

Immersion suits are part of the essential and mandatory survival gear for those who travel
on cold or hypothermic water like the Atlantic Ocean. They are designed to increase the
survival time in cold water. This means that in the event of abandoning the vessel, especially
in the open ocean, there will be less change of death by hypothermia and more change of
being rescued. The rapid effects of “Cold Shock” and the onset of hypothermia reduce your
potential survival time to matter of a few minutes if no immersion suit is worn.

6.1.4. EPIRBs
There are two EPIRBs on board, both located on the bridge
and that would e taken to the liferafts in case of an emergency
by the crew member assigned with this task.

EPIRBs (distress radio beacons or emergency beacons) are
tracking transmitters which aid in the detection and location of
boats and people in distress. They interface with CospasSarsat, the international satellite system for search and rescue
(SAR). When activated, send out a distress signal that, when
Pic. 65 EPIRB

detected by non-gestationary satellites, can be located by trilateration.
Most beacons are brightly colores and waterproof. They operate across a range of conditions
(-40 to 40ºC), and transmit fro 24 to 48 hours.
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Activation methods

For an EPIRB to begin transmitting a signal (or “activate”) it first needs to come out of
its bracket (or “deploy”). Deployment can happen either manually –when someone
physically takes it out of its bracket- or automatically –when water pressure causes the
hydrostatic release unit to release the EPIRB from its bracket. If it does not come out of the
bracket it will not activate. There is a magnet in the bracket which operates a reed safety
switch in the EPIRB. This is to prevent accidental activation when the unit gets wet from rain
or shipped seas.

How they work

A beacon is activated by a
crash, a sinking or manually by
survivors.

The

beacon’s

transmission is picked up by one
or more satellites. The satellite
transmits the beacon’s signal to
its ground control station. The
satellite’s
processes

ground
the

station

signals

and

forwards the data, including
approximate

location,

to

a

national authority. They forward
Pic. 66 Overview diagram of EPIRB communication system

the data to a rescuing authority. The rescuing authority uses their own receiving equipment to
locate the beacon and makes the rescue or recovery. Once the satellite data is in, it takes less
than a minute to forward the data to any signatory nation.
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6.1.5. Grab bags
Made from high quality material. In case of emergency they will be carried to the liferaft
or emergency tender. During long cruises such as the Atlantic crossing, all the grab bags,
medical kits, immersion suits, extra water and other emergency equipment, are stored in the
main salon, near the aft deck which is the reunion station.

Pic. 67 Immersion suits

Pic. 68 Grab bags, flares, first aid kits, extra water

Grab bags are buoyant and waterproof, with a watertight zip and Velcro closure. They
contain Solas thermal protective blankets, torch, survival food rations, drinking water,
floating safety knife and flares.
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6.1.6. Liferafts
Lady Allison has two 12 men liferafts, stored one on each side of the flybridge aft, as
shown in picture 63.

In case of abandon ship, the crew members in charge of the liferafts and once they are in
the water, will bring them to the aft deck where they will be boarded by the rest of the crew
and guests.

Steps to launch the liferaft:
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Six important activities required after launching the liferafts:

On board of the liferaft there is a equipment pack with batteries, radar reflector, adhesive
tape, water, food, first aid kit, repair kit, parachute rockets, red hand-flares, smoke signals,
waterproof torch, complete spare parts for torch and sea-sickness tablets.
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6.2. Fire Fighting Systems

Pic.69Bilge-FireFighting Diagram
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There are two bilge-fire fighting pumps on board of 30 kW each. They are capable of
pumping 3.600 litres in 30 minutes (120 L/min) at a pressure of 123 bar.

Pic. 70 Alarm panel on bridge

In case of a fire, there are smoke and heat detectors around the boat that will make the
alarm panel on the bridge go off. The engine room has both heat and smoke detectors while
on the other accommodations are only heat detectors.

Pic. 71 Detectors on Engine Room

Pic. 72 Break Glass
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There also are Break Glass systems around the boat that will set off the fire alarm when
they break.

The engine room and the galley have a CO2 system installed.

Pic. 73 Co2 System view

Pic. 74 Co2 Bottle

Before opening the CO2 system is very important to make sure that the engine room is
empty of crew. The engine room access on the main deck is closed and the panel shown on
picture 73 opened. The valves will be open and the engine room will filled up with the CO2
gas that will extinguish the fire.

There are also 20 fire extinguishers around the boat, type 1, 2 and 3. the crew is trained
to use them properly and periodically drills are done on board, to make sure everything will
go smoothly in case of an emergency.
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6.3. Muster Stations

There are four emergency situations taken into consideration on the safety schedule as
follows:

Man Overboard
Crew
Captain
Mate
Chief Engineer
2nd Engineer
Bosun
Deckhand
Chief
Stewardess
2nd Stew
3rd Stew
4th Stew
Chef

Muster
Station
Bridge
Bridge
Engine Room
Boatdeck
Boatdeck
Boatdeck

Responsibility
Overall command and communications
Assist Captain, lookout
Ensure power supply to rescue boat crane
Prepare rescue boat for launching, lookout
Prepare rescue boat for launching, lookout
Prepare rescue boat for launching, lookout

First
Aid
Yes
Yes
Yes
Yes
Yes
Yes

Liferaft
Port
Stbd
Stbd
Port
Stbd
Port

Main Salon
Sundeck
Sundeck
Main Salon
Sundeck

Prepare thermal protection aids, blankets, resuscitation equip.
Lookout
Lookout
Assist Chief Stew
Lookout

Yes
Yes
No
Yes
Yes

Port
Stbd
Stbd
Port
Port

Fire On Board, in harbour
Crew
Captain
Mate
Chief Engineer
2nd Engineer
Bosun
Deckhand
Chief
Stewardess
2nd Stew
3rd Stew
4th Stew
Chef

Muster Station
Bridge
Gangway/at Scene
Engine Room
Engine Room
Gangway/at Scene
Gangway/at Scene

Responsibility
Overall command and communications
I/C breathing apparatus team
Emergency bilge, fire pumps, main panel breakers
All airhandling systems and assist Chief Engineer
B.A. Team
B.A. Team

B.A. Trained
Yes
Yes
Yes
Yes
Yes
Yes

Gangway
Gangway
Gangway
Gangway
Gangway/at Scene

Roll call of guests and crew members, first air
Notify adjacent vessels and port authorities
Assist guests of vessel, collect first aid kit
Assist B.A. Team, boundary cooling
Assist B.A. Team, boundary cooling

Yes
No
No
Yes
Yes
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Collision/Grounding/Listing/Flooding/Abandoning
Crew
Captain
Mate
Chief Engineer
2nd Engineer
Bosun
Deckhand
Chief
Stewardess
2nd Stew
3rd Stew
4th Stew
Chef

Muster Station
Bridge
Bridge/at Scene
Bridge/Engine
Room
Bridge/at Scene
Bridge/Boatdeck
Bridge/Boatdeck

Responsibility
Overall command and communications
Damage assessment

First Aid
Yes
Yes

Liferaft
Port
Stbd

Emergency bilge pumps
Damage assessment
Prepare liferafts, EPIRBs and SART
Prepare liferafts, EPIRBs and SART

Yes
Yes
Yes
Yes

Stbd
Port
Stbd
Port

Boatdeck Lounge
Boatdeck Lounge
Boatdeck Lounge
Boatdeck Lounge
Bridge/Boatdeck

Roll call of guests and crew members, first air
Assist guests from cabins, collect first aid kit
Assist Captain
Assist B.A. Team, boundary cooling
Assist B.A. Team, boundary cooling

Yes
No
No
Yes
Yes

Port
Stbd
Stbd
Port
Port

Fire on Board, at sea
Crew
Captain
Mate
Chief Engineer
2nd Engineer
Bosun
Deckhand
Chief
Stewardess
2nd Stew
3rd Stew
4th Stew
Chef

Muster Station
Bridge
Bridge/at Scene
Bridge/Engine
Room
Bridge/at Scene
Bridge/Boatdeck
Bridge/Boatdeck

Responsibility
Overall command and communications
I/C breathing apparatus team
Emergency bilge, fire pumps, main panel
breakers
All airhandling systems and assist Chief
Engineer
B.A. Team
B.A. Team

Boatdeck Lounge
Boatdeck Lounge
Boatdeck Lounge
Boatdeck Lounge
Bridge/Boatdeck

Roll call of guests and crew members, first air
Assist guests into lifejackets, collect first aid kit
Assist Captain
Assist B.A. Team, boundary cooling
Assist B.A. Team, boundary cooling

B.A. Trained
Yes
Yes

Liferaft
Port
Stbd

Yes

Stbd

Yes
Yes
Yes

Port
Stbd
Port

Yes
No
No
Yes
Yes

Port
Stbd
Stbd
Port
Port
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