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1 A foreship arrangement for a vessel of the deplacement type The
present invention relates to a new design of the foreship of a vessel of the
displacement type. More specifically, the invention relates to an
arrangement as 5 disclosed in the preamble of independent claim 1. Ever
since the start of oil activities in the North Sea, all vessels engaged in
marine operations have been characterised by having their wheelhouse
and superstructure with equipment located immediately behind the
forecastle deck and extending right up to the 10 collision bulkhead. A

large loading*deEHPAErRMssAERdPER Yaerl RidhrdraiResmeat type

superstructure and wheelhouse. This arrangement is a legacy of the first
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}i&gﬁ ted to the occurrence of green water on the
deé% nt 01ﬁ ?e%%% rstructure. When this type of bow shape meets

incoming waves, the submerged volume (later 30 referred to as "facing
viiherethesecressslssuearyt duigkisation oy ancy aiting asabeasegtlick (paciiogh ey
refaidRiRaIfP IR DBERHSS Mefd¥asind Argeneifeetsitansify with
increasing wave height and increasing speed of the vessel into the wave
\(Ij\ié%tﬁ?on Vessels with their superstructure and wheelhouse located on the

OF flssen SRy B U RS HIRNBAD Be S iRRpler Line
hedsthape tetdaskrbeeraboesartonighlydingrebuliiand hkes bavateare the
dbalagsh be defined as a bulge in the hull, primarily below the water line, to improve the

wave system and resistance.

Typical negative effects of the aforementioned conventional bow forms are that they
reflect incoming waves to too great a degree (wave formation gives energy loss), they
are heavily subjected to the slamming of waves against the ship side, they generate a
great deal of spray and they are subjected to the oceurrence of green water on the deck
in front of the superstructure.

When this type of bow shape meets incoming waves, the submerged volume (later
referred to as "facing volume") increases very quickly, buoyancy increases as quickly
and the retardation force becomes very large. These effects intensify with increasing
wave height and increasing speed of the vessel into the wave direction.

Vessels with their superstructure and wheelhouse located on the weather deck
immediately aft of the collision bulkhead and having a hull shape as described above are
highly vulnerable to heavy weather damage.
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2 The maximum speed at sea for these vessels is determined primarily by
the water line length, entry angles of the foreship and the proportion of
outwardly sloping frame lines in the bow, and by available thrust forces
from the propeller(s). Typical maximum speed in calm water is about
13-16 knots, and they will normally have a loss of speed of s about 3to 5
knots in head sea. The speed loss in head sea is a direct result of the
energy loss due to reflected waves, V\Qﬂch results in retardation of the
vessel. Both during headway, in particular in head sea, and during
PHekirgAnRItNgctderiewior iWaeehaseltHeilaerantacd foimaily, yithe water line
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characterising clause of claim 1. Advantageous embodiments of the

invention are set forth in the dependent claims, zo Tge design. of th
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Ing"operations, sych as construction vessels, pipelaying vessels,
ﬂ&ﬁBfﬁF@&ﬁﬁ@%@ﬁ%nchor handling 25 vessels, diving ships, etc.

The foreship is designed transversely symmetrical about the centre line
(Ed)edhither viinsehid the ifaraadinpacd desvbadkino dasprior wig thefioinpifeyided,

hassring (Blne fhsattemniz ot frhssi-Aeadiisacpd ineroasineiimy
b!@e atf %l\é?g bilge radius. From 30 the bilge up to a given height, the
ff fhé& slightly outwardly sloping. At the level of the forecastle

deck, the outwardly sloping line form is terminated and is run on upwards
asdeaiuyeashd embotimbasiofdwdndsmtiien cente forth ikdbordirmpdentradaims.
invention, a new form of foreship has been developed which reduces 35
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in the speed range of up to about 24 knots and with the forward bulkhead of the
superstructure preferably arranged forward of amidships. The new bow shape is
primarily intended to be used in vessels that are engaged in marine operations, such as
construction vessels, pipelaying vessels, platform supply vessels, anchor handling
vessels, diving ships, etc.

The foreship is designed transversely symmetrical about the centre line (CL) of the
vessel. The frame lines of the hull increase in width from the base line (BL). The
bottom is flat or has a deadrise and merges into the bilge at a given bilge radius. From
the bilge up to a given height, the frame lines are slightly outwardly sloping. At the
level of the forecastle deck, the outwardly sloping line form is terminated and is run on
upwards as a curved line form back towards the centre line.

According to the invention, a new form of foreship has been developed which reduces
or eliminates the negative effects that the commonly known bow shapes have. The
foreship is designed to have slender water lines so that the submersion of the facing
volume takes place over a considerable period of time, which means that the vessel cuts
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foreship is designed to have slender water lines so that the submersion of
the facing volume takes place over a considerable period of time, which
means that the vessel cuts 3 into the wave and the wave laps over the
bow form and out to the side. Thus, the buoyancy force is distributed over
time and the retardation forces are substantially reduced. This solution
reduces reflection of waves, it eliminates the slamming of waves against
the vessel's sides and bottom, the spegd loss in head sea is reduced by
about one 5 knot as compared with thé standard bow shapes, and the
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té therE&gpipiwvill result in the following positive effects: Lower

accelerations and retardations, which give higher average speed at sea,
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lection of waves is reduced. The elimination of the possibility of heavy

weather damage to the front bulkhead in the superstructure, Improved
WRRE rviaB RhiaRETRSBRTAl TR dp dhe fpflowing positive effects:

e Lower accelerations and retardations, which give higher average speed at sea,
thereby reducing power requirement and consumption of fuel.
¢ A reduction in the amount of or the elimination of green water on deck.

Model tests carried out by Marintek/SINTEF in February 2005 verify the positive
effects of the new design of the foreship.

Apart from the advantages mentioned above, the new foreship design will result in:

o A lower probability of heavy weather damage to the foreship because the reflection
of waves is reduced.

e The elimination of the possibility of heavy weather damage to the front bulkhead in
the superstructure.

¢ Improved working environment on board with regard to

T accelerations and retardations, thereby improving safety during navigation
and providing higher operability, especially in head sea.

o reduction of noise and vibrations because of gentle motions and reduced
slamming of the waves against the hull, thereby increasing comfort and
improving safety with a view to efficient utilisation of the crew’s resting and
working time,

e Protection of mooring equipment that is usually located on the forecastle deck.
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30 ” accelerations and retardations, thereby improving safety during
navigation and providing higher operability, especially in head sea. *
reduction of noise and vibrations because of gentle motions and reduced
slamming of the waves against the hull, thereby increasing comfort and
improving safety with a view to efficient utilisation of the crew's resting and
35 working time. Protection of mooring equipment that is usually located
on the forecastle deck. 4 Simpler and stronger construction of skin plates
and stiffeners due to a large proportio% of double-curved area. A

reduchia &i@ﬂﬁ%@%x{%@r%ﬁbﬁﬁlﬁﬁz@B@kﬁi@ﬁt@%@@ﬁﬁ@n@lﬁﬂﬁ‘@ﬁ%ﬂﬁ%ﬂare-
Smooth f reslg% Iblhe way up fo the bridge deck, which results in
red&icayy Oﬁg Boricin LA Feck equipm ent that is nqgrmally 6\? osed to

Wind: Tt mderdsog fKinplase Y. SERBIHINS S FHnptod b to
bridgmateiskomiichalcbalwainsi mgmmémlm&nwmwhg in gedpead denger

in the joliewing decrenlisiiniprb aciman) eigbearsavige neatncanddiigg is
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linesfde-ihmgaaspigent-igure 3 shows the water line for the foreship. 20
Figure 4 is a perspective view of a hull, principally from below, with the
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Z1",’15"1”r15r@1pally from the side. In the following description and in the claims,
unless otherwise specified, all disclosures

Figure 1 is a side view of the profile of the foreship stem line.
Figure 2 is a front view of an extract of frame lines for the foreship.
Figure 3 shows the water line for the foreship.

Figure 4 is a perspective view of a hull, principally from below, with the foreship
designed according to the invention.

Figure 5 is another perspective view of the basic shape of the hull in Figure 4,
principally from the side.

Figure 6 is a further perspective view of the hull in Figure 4, principally from the side.

In the following description and in the claims, unless otherwise specified, all disclosures
of direction are explained on the basis that the vessel is in a three-dimensional
coordinate system where the vessel's length direction, breadth direction and height
direction correspond respectively to the x-axis, y-axis and z-axis of the coordinate
system, wherein the x-axis and the y-axis are oriented in the horizontal plane whilst the
z-axis is oriented in the vertical plane. Furthermore, the forward direction of the ship
corresponds to the positive x-direction.

The new foreship, shown from the midship mark 2 of the vessel, has a slender and
distinctive bow shape. Fig. 1 shows the vessel's stem line 1, which starts at the base line



of direction are explained on the basis that the vessel is in a
three-dimensional so coordinate system where the vessel's length
direction, breadth direction and height direction correspond respectively
to the x-axis, y-axis and z-axis of the coordinate system, wherein the
x-axis and the y-axis are oriented in the horizontal plane whilst the z-axis
is oriented in the vertical plane. Furthermore, the forward direction of the
ship corresponds to the positive x-direction. 35 The new foreship, shown
from the midship mark 2 of the vessel,shas a slender and distinctive bow
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vantageously bent forwards and is terminated as the top of spray board
5 The frame lines of the foreship are designed transversely symme#ﬂacal
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of the vessel is flat at zero 1Xtersg & es/e y-p (leng

20
Figure 3 shows the water line/entry angle seen in the xy-plane (length/breadth
direction), which for the embodiment illustrated in this figure is 20.3 degrees, and
which advantageously is between about 16 and 25 degrees relative to the centre line CL
at the design water line Tdwl for reduced or increased slenderness.

25
Figures 4, 5 and 6 show the foreship according to the illustrated embodiment of the

 invention in different perspectives, advantageously provided with spray board 5.

The table below shows advantageous ratios between water lines, slenderness and hull
30 height for different ranges of water line length, where the water line Lwl is given in
metres and at a given draught Tdwl, and where the hull breadth Bwl is measured at the

zero intersection and at a given draught Tdwl.

35
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direction), which for the embodiment illustrated in this figure is 20.3
degrees, and which advantageously is between about 16 and 25 degrees
relative to the centre line CL at the design water line Tdw1l for reduced or
increased slenderness. 25 Figures 4, 5 and 6 show the foreship according
to the illustrated embodiment of the invention in different perspectives,
advantageously provided with spray board 5. The table below shows
advantageous ratios between water lines, slenderness and hull 3o height
for different ranges of water line Iength,GWhere the water line Lwl is given
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which are used in this application, and in partlcular in the above table,
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The abbreviations, which are used in this application, and in particular in the above
table, have the following definitions:

Tdwl: Draught (at the design water line)
Bwl: Breadth measured at a given draught Tdwl

Lwl: Water line length measured at a given dranght Tdwl; in other words total
length of the submerged volume.

Htdwl: Hull height measured from Tdwl up to the top of the spray board.

For the illustrated and described exemplary embodiment, it may be specified that Tdwl
= 6 metres, Lwl = 81.1 metres, Bw] = 18.5 metres and Htdwl = 14.8 metres. The spray
board 5 advantageously has a vertical height of 1 metre, so that the height measured
from Tdwl to the fransition to the spray board is thus 13.8 metres.
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Htdwl: Hull height measured from Tdwl up to the top of the spray board.
For the illustrated and described exemplary embodiment, it may be
specified that Tdwl = 6 metres, Lwl = 81.1 metres, Bwl = 18.5 metres and
Htdwl = 14.8 metres. The spray zo board 5 advantageously has a vertical
height of 1 metre, so that the height measured from Tdwl to the transition
to the spray board is thus 13.8 metres. 7 CLAIMS: 1. s A foreship
arrangement for a vessel of the displacement type, which foreship

consists of the part of the ship in front 4f the vessel's midship mark (2)
and which vessel has a transversely symmetrical hull shape about its
cerirelfifie: (CL) and a substantially conventional bow form below its
design water line (Tdwl), characterised in that the stem line (1) of the
vessel turns substantially backwards in relation to the ship length io
difection (negative x-direction) from a transition point (B) at or just above
tha flesibip anatgetivst (belulksee] dhbadisgngement gesovtion ferai@intdasists of
chesaatedsed ithatthe siam VRS rlRHp%atR FOM AJANMERYLHA) At
the.uessels batedne ) ises and fas s subsiantalincreasing.
curvature N the forwar alre_c%n of the Vadss 8% }gﬂ itiSh ﬁ%ﬁﬁa&%
afioyraigReldiethinrme kelprdindedesonsteminedigmib sherspierissdinihstdhe
satgstdintea(ly off i visieh guosrvatistan @ity irntheraftnianctditectothotliyelength
vesgeelieniepalis RIgKeRibY) FH8 QirmRtoa RN IGNR(ARNBEEsign
pg}ggeg%)m?(gg% '_I'he arrangement according to claim 2, characterised in
that a spray oegrd (5) extends out from the upper point (C), the stem line
(1) being bent sharply forward at said point (C) and being terminated at
t¥e top of the spray board (5). 25 4. The arrangement according to any

oMBeOirtanyprese diogrdinimsciaharadrisadritthattfiehe stem line (1), starting
from a lower point (A) at the vessel's base line (3) rises and has a substantially
increasing curvature in the forward direction of the vessel to the transition point (B),
and that the stem line (1) from the point (B) continues to rise, but with a substantially
diminishing curvature and in the aftward direction of the vessel, optionally broken by
one or more straight portions, to an upper poiut (C).

3.

‘The arrangement according to claim 2, characterised in that a spray board (5) extends
out from the upper point (C), the stem line (1) being bent sharply forward at said point
(C) and being terminated at the top of the spray board (5).

4.

The arrangement according to any one of the preceding claims, characterised in that the
vessel's flare angles in the foreship, and above the design water line (Tdwl) are in the
range of 9 — 45 degrees relative to the height direction of the vessel.

5.

The arrangement according to any one of the preceding claims, characterised in that the
vessel's stem angles between the transition point (B) and the upper point (C) increase
from O degrees at the transition point (B) to 55 degrees at the upper point (C) relative to
the height direction of the vessel.
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vessel's flare angles in the foreship, and above the design water line

(Tdwl) are in the range of 9 - 45 degrees relative to the height direction of
the vessel. 30 5. The arrangement according to any one of the preceding
claims, characterised in that the vessel's stem angles between the

transition point (B) and the upper point (C) increase from 0 degrees at the
transition point (B) to 55 degrees at the upper point (C) relative to 35 the
height direction of the vessel. . 8 6. The arrangement according to any

one of the preceding claims, characterfsed in that the entry angle of the

bow at the design water line (Tdwl). and in a plane coincident with s the
horizontal plane (the xy plane) is in the range of 16-25 degrees relative to
thé centre line (CL). 7. The arrangement according to any one of the
praESEirRpeRim accdRE iR ARR @R thitRERiPd Hamicdpisiosedin digt the
58)f thgdofebhiparg tesigneal waesiiae$élYvaymmdétricplaabovintidenewith
ling tlekdoRRO HACING kSSNaiMe i Rmfifs! d70iptes(Rxbt rBlgive4o @Stentre
rﬂg‘ ae st perpendicularly from CL and increase in breadth (the

y-direction) from the centre line (CL), whereafter the frame lines (10, 20,

30, 40, 50) respectively merge into the bilge (GI, G2, G3, G4, G5) ata
given bilge radius, from which bilge and up to 15 second points (El, E2,
EtheRdrabfniba: kil as 4h0om0oiie HRhc2dnara Mubnvardhtsioping tasdhe

TP AT ?ﬁ%@f@’?ﬁh@%@%ﬁy@%@%@%%‘? SACHIE
cahSrbhaesaut e Aot LS RABE IS

upwa r
IR s Pt 8B-Pd D2, B3, D4,
demtiriedmpst peeps wigv e fan (d endvestreseonbieisith@heontiseriienefrom
tehthteaitpoltiis (4, VBE&EaAerGhe Thenaniatgeoeclt, 30cod0H0Y ramayivehemitrge
Glatnaebifd (Ghasactesised é)ﬁ)tgﬁafgil%\ﬁ’mé FIDFTrWARH W dSRED 1o

(Lwl) in the range,af £0-99 ipeffes: SWUTAWLE 2030 46 50y are outwardly

sloping, and at which points (E1, E2, E3, E4, E5) the outwardly sloping frame line form
is terminated and then runs respectively upwards as a curved frame line form back to
the centre line (CL) at third points (F1, F2, F3) and continues upwards with very gentle
curvature towards the centre line CL to third points (F4, F53).

8.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 60-90 metres: Bwl/Tdwl = 2,
Lwl/Bwl = 3, Lwl/Tdwl = 5, Htdwl/Bwl = 0.5 and Lwl/Htdwl = 2.

9.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (L.wl) in the range of 90-120 metres: Bwl/Tdwl = 3,
Lwl/Bwl = 4.5, Lwl/Tdwl = 13, Htdwl/Bwl = 0.8 and Lwl/Htdwl = 5.5.

10.

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 120-150 metres: Bwi/Tdwl = 3.5,
Lwl/Bwl =5, Lwi/Tdwl = 17, Htdwl/Bwl = 0.7 and Lwl/Htdwl = 7.5.
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Lwl/Bwl = 3, Lwl/Tdwl = 5, Htdwl/Bwl = 0.5 and Lwl/Htdwl = 2. 25 9. The
arrangement according to any one of claims 3 to 7, characterised by the
following ratios for a water line length (Lwl) in the range of 90-120 metres:
Bwl/Tdwl = 3, Lwl/Bwl = 4.5, Lwl/Tdwl = 13, HtdwlIBwl = 0.8 and
Lwl/Htdwl = 5.5. 30 10. The arrangement according to any one of claims
3 to 7, characterised by the following ratios for a water line length (Lwl) in
the range of 120-150 metres: Bwi/Tdwig= 3.5, Lwl1Bwl =5, LWIITdwl =
17, Htdwl/Bwl = 0.7 and Lwl/Htdwi = 7.5. 35 9 11. The arrangement
according to any one of claims 3 to 7, characterised by the following

ratios for a water line length (Lwl) in the range of 150-180 metres:

mg%ceﬁrém%&wéﬁw%o aﬁ aﬁé,\rdr]ygr%%éﬂ%g ﬂH%Y%%é{yﬂsedoc§§1§@%lowmg
e o gd”%t‘r’errrﬂéﬁe%ﬁ?&wn%n%
e ARTE0T SR/ et s = wmemwrw EWHTdwl =
HtdWUBwI = 0.45 and Lwl/Htdwl = 13.5. 13. The arrangement according
to@ny one of claims 3 to 7, characterised by the following ratios for a

li I I b /
s Tt Bl SRS e

T%%F%@@ﬁ%%me&ea in Eherarwfehﬁ g?r}r%eeues Bwl/Tdwl =
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13,

The arrangement according to any one of claims 3 to 7, characterised by the following
ratios for a water line length (Lwl) in the range of 210 metres and above: Bwi/Tdwl = 5,
Lwl/Bwl = 10, Lwl/Tdwl = 23, Htdwl/Bwl = 5 and Lwl/Htdw] = 15.

14.
The arrangement as illustrated in the attached figures.



