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1 Met hod and neans for dynamc trimof a fast,

pl afi ng or sem -pl ani ng boat hul | The present invention
relates to a nethod for continuous 5 control and trinmm ng of the
floating position of a fast, planing or.a sem -planing ship hul

during the operation thereof. The preseﬁ I nvention al so provides the
mechani sm for’ carryi ng out the nmethod. The present invention also
relates to a support Me a h NGef O amcally
triming a ship 10 hubhzgggg?%ghg§§§%é¥d¥ rﬁ%ﬁ% & gﬁLQ e840 ‘
The need for higher speeds during sea transportation as | at'el y.
produced a plurality of technical inprovenents. The primary goal of

t hese i nprovenents has been to reduce the drag 15 during the forward
novenent of the shiThewyptresentt inventdarcerelates to a method for continuous

5 control and trimming of the floating position of a fast, planing
or a semi-planing ship hull during the operation thereof. The
present invention also provides the mechanism for carrying out
the method. The present invention also relates to a support
plane having a profile of a wing for dynamically trimming a ship

10 hull according to the description below. '

The need for higher speeds durfng sea transportation has
lately produced a plurality of technical improvements. The
_ primary goal of these improvements has been to reduce the drag
15 during the forward movement of the ship hull and thus the need
for power at higher speeds. Some of these improvements have in
common that the wet surface is reduced and therefore the
frictional drag is reduced. Wet surface means the part of the
ship hull that is in contact with the water surface or the part

20 that is submerged below the water surface.

Together with the need for higher speeds is the need for

_improved comfort for both passengers and the gOodsQ These

requirements make many of the designs of hovering vessels

25 impractical because variations in the pressure of the air cushion

is a big problem because they affect the performance of the
vessel. ' -

Conventional fast and planing ships with good performance
30 characteristics and designs typically have the center of gravity
positioned behind the mid section of the ship. This type of hull
makes the ship sensitive to pitching, that is vertical oscilla-
ting movements along the length of the hull. These movements may
cause the stem to oscillate vertically in an accelerated manner
35 while the stern remains relatively stationary.
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therefore, little or non-existent lpngitudinal_stability. In
practice, these types of ship hulls are only suitable for racing.

Even if a dynamic trimming angle of abont 5 degrees is attainable

10 in certain designs, it is often impractical due to'problems
related to navigation, handling of goods and the comfort of
passengers. S : _ (i

A technic that, in many aspects, satisfiee'the require-

15 ments of reduced drag and improved comfort of this type of a ship

hull is the use of controllable and submerged support'planes or
hydro foils.

The existing systems of sﬂbmerged and controllable support

20 planes are all directed to having.a.support plane only at the

stem of the ship hull and, in the alternative, to havihg support

planes both at the stem and at the stern of the ship hull. The

former is only moderately efficient and the latter requires

: expensive and complex systems. One problem with designing a

25 system having support planes both at the_etem and the stern is

the trough between two waves that is generated by the front

suppott'plane. This interferes with the function and efficiency

of the rear support plane resulting in increased drag. Another

problem relates to the insufficient strength and reliability of

30 the support plane that may occur if the_suppoft plane and/or the
control system of the suppert plane is damaged.

- The object of the present invention is safisfied by the
. method, mechanism and the use thereof according to the claims

35 herein included.
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Anot her problem that ﬁs related to planing ships, is the - (ﬁqﬂﬁ

lculty
of @chieving an opti mal operati-onal angle between the keel or the
bottom of the ship.hull ‘and the surface of the water. The opti nal
operational angle is generally about 5 degreeﬁ. Ship 5 hul | s t hat
operate with such an operational angle have tHe center of gravity far

behind the md secty e ;S hj n P .her ' e . .
or non-existent | on%ﬁ%uglg‘ﬁ%gﬁ g%ﬁY?#%/#ogl ﬁ'shaggscf)?’%%?i téLg‘ ﬁtgés%' t %%g}s)bofw'lth
ship hull s ar cafesencet tdl theoattached figuresfvexf iwhichiynanmic trinm ng
angl e- of about 5 degrees is attainable 10 In certain designs, it is often

i mpractical due to problens rel ated to navigation, handling of goods
and the confofiigf 1 is a sehampfele showing a side view QhHh R Plampng ishimpull

aspects, ssati Hudindg "GpaLatios; 15 ments of reduced frag and inproved
confort of this type of a ship hull is the use of controllable and
subnerged support planes or hydro foils. The existing
systenms of sulmiyge izna patttiallisgbhkectipned view of the stem of the ship hull

of Fig. 1,

10 Fig. 3a_is an end view df an embodiment of a support plane
according to the present invention,

Fig. 3b is a plan view of the support plane of Fig. 3a,

15 Fig. 4 is a graphical illustration of the lifting coefficient
(Cl) of the support plane as a function of the load (p) in the
described example of calculations,

Fig. 5 is a graphical illustration of the depth of the wave,

20 '
Fig. 6 is a graphical illustration of thé angle of operation in
the area where the wave contacts the bottom of the ship hull,

Fig. 7 is a graphical illustration of the shape of the induced
25 wave showing the inner and outer points of intersection with an
imaginary horizontal water surface,

Fig.'& is a view of the stern showing a trimming foil according
to one aspect of the present invention,

30 ,
Fig. 9 is a cross sectional view along the line IX-IX of Fig. 8,
Fig.'io is a side view of the trimming foil in a submerged
operational mode,

35

Fig. l1lla and 11b are side views of an alternative embodiment of
the trimming foil, and
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WOP96/ ngerged support plane 1 that is mova 8% secured

3 to a ship hull 2 as shown in Fig. 1. The support plane 1 is
especia-lly designed to generate a wave or trough disposed behind
the support plane 1. The wave has a predetermined length and

. width that cause the water to engage the rear portion of the

10 bottom of the ship' hull at an increased operati_onal angle. The
contact area with the water surface typically corresponds to
about 5-20% of the length of the bottom of the ship hull, see B (
in Fig. 1. By controlling the shape of the wave, it is possible-
to take advantage of the lifting power of the wave to reduce the

15 frictional drag of the ship hull resulting in lower construction
- costs and less complex:.ty of the ship hull as some of the
advantages. '

The wave or the trough may therefore be ‘controlled to affect
20 the following parameters:

- The length of the wave is controlled by the cord length
(b) of the support plane.
- The width of the wave is controlled by the span (a) of the
25 support plane.
- The depth of the wave is controlled by the load (p) of the
support plane.

By using the above reference points; it should be understood
30 that it is possible to design and position a support plane that
is adapted to a specif'ic planing ship hull so that the planing

. shown in Fig. 1 may be achieved during operation of the ship.

According to calculations and tests, the concept of the

35 invention produces the desirable technical effect predicted. A
“ . front sUpport plane, designed to absorb a substantial load,
possibly in combination with a trimming plane or trimming foil



The present i My@Ysheibel S described in detail below with I epberRRsH1563
the attached figures, of which: Fig. 1.is a schematic show ng a

side view of a planing ship hull 5 during operation, - Fig. 2is a
artially sectioned view of the stemof the ship hull of Fig. 1, 10
Fig. 3a is an end view of an enbodi nent of a gupport plane accordi ng
to the present invention, Fig. 3bis a plan view of the support

plane of Fig. mdnted! 3o ﬁhé sfetf afgrt&&hls@ﬁl iHd1sS! ref#es @ﬁet baibl hil119 out
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graphi cal il ast melsistired ridlatdsm Itd)ftﬂéﬂhdmmntal plane, is typically about
2.5 to 3 degrees, see y (gamma) in Fig. 1. This typical- range of
5 the angle is often acceptable. The vertical angle of the water
flow, as measured relative to the horizontal plane also, is
typically -2 to -4 degrees in the area where the water flow of
- the waves comes into contact with _fhe bottom of the ship hull,
‘ see b (beta) of Fig. 1. Conseguently, a total operational angle
10 of 4.5 to 5 degrees may easily be maintained between the water
and the bottom of the ship hull. This is believed to be an
optimal angle of operation.

_ In addition, the deliberately generated wave or trough

15 produces an increased free height difference C between the bottom

-of the ship hull and the water surface, which corresponds to the
depth of the wave. '

It has been shown that the net reduction of drag of the ship
20 typically results in a reduction of about 35 to 50% of the
required power to run the ship. This reduction obviously results

in substantially lower investment costs and operation costs.

In addition, extensive tests have shown that continuous

25 control of the setting of the operational angle of the trimming
P foil  or trimming plane results in a significantly improved
| handling of the ship in rough sea. Improvements of more than 50%
of the vertical movements and acceleration are typical. The

support plane may thus be controlled by turning a pair of

30 parallel strut members. The strut members -have'oute_r ends that

are attached to the support plaﬁe and inner ends that are

rotatably attached to the ship hull, see Fig. 2. It is to be

understood that in ship designs having a plurality of ship hulls,

a support plane may be attached to the stem of each ship hull.

35 The earlier mentioned rotation of the strut members should be

about -4 to about +5 degrees as meaSured counter clockwise from

a normal to the water surface and thrbugh the point of rotation.



"Fig. 6 is a graphical illustration of the angle of operation in the -

area whewe dsshagr0¢ave contacts the bottomof the ship hull, PCTISE95/01§$:€J 7is
a graphical illustration of the shape of the induced 25 wave show ng the

i nner and outer points of intersection with an | magi nary hori zont al
wat er surface, Fig. 8 is a viewof the stern showing a trinmng
foil according to one aspect of ®he present invention, 30 Fig.

9 is a cross sectional view along the line | X-1X:0of Fig. 8, Fig. 10
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plane 1, according to an embodiment of the present invention.
The support plane is supported by two parallel rod or strut
5 members 4, 4° that are rotatably attached to the ship hull 2.
It is preferable that the common rotation axle 5 is positioned
above the water surface Vl in all positions, The axle 5 may, for
example, be rotated by hydraulic, 'e'lectro-hy'd"raulic or mechanical
driving mechanisms as is known by the person of ordinary skill
10 in the art. The rotation is adjusted in response to the vertical
'movements of the ship hull in the direction of the length of the
ship hull. These movements may be ‘detected by, for example, a (

gyro.

15 | _ Figs. 3a and 3b show an embodiment of the support plane 1..
The end view of ~Fig. 3a shows that the cross section of the
‘support plane has the shape of an air foil. That is, it has the
shape of a wing having an arching upper side and a relatively
plane under side and is therefore prov1ding a lifting force when

20 it is driven through the water. The cord ‘length b may be
determined as described above and is further described in detail
below to control the length of the wave_that is adapted to the
shape of the ship hull. '

25 The plan view of Fig. 3b shows that the cord length b is

reduced in the direction of the end portion of the support plane

1. In'this way, the shape of the 1nduced wave is adjusted so that

the trough is gradually reduced in the,direction toward the areas

_ of the outer edges. This 1eads to a water flow that is free of

30 interference in these areas. Also, the trough is refilled at the

stern portion of the ship hull without generating interfering

turbulence or air mixing. A vertical fin 6 is attached to each

end of the support plane 1 to prevent turbulence at the outer

edges of the support plane. Turbulence may be generated by

35 compensating for the pressure difference between the under side
and the upper side of the support plane.
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reference to Figs. 4-7 an example of calculations are used to
illustrate the correlations that are used to carry out the

10 invention (see Ivan T. 'Egorc}v, Vitaly T Sokolov: Hydrodymanics
of High Speed Craft, Sudostroyenie, Leningrad, 1965 (pages 254-
256)).

Fig.. 4 shows a graphical illustration of the lifting

15 coefficient Cl as a function of the load p. The example assumes

that a load in the order of 34-46,000 kp and a velocity V of 26

knots are used. It is further assumed that the density of water

p is 1.025 (salt water) an_d'that the required lift:_'Lng force F is

the product of the gravitational constant 9.81 and the load used.

20 By solving the equation below for the loading interval, a
graphical illustration as shown in Fig. 4 is provided:

2'5 Equation 1 Cy(p)sF(p)
pev? .
. S
30 | >

wherein S is the are,a' of the support plane. In the example, this
35 area is 3.234 m2. The span is 4.2 meter and the cord length is
' 0.77 meter. In the example, it is assumed that the flow of water
over the profile of the support plane is free from air mixture
and that the relative depth of the support plane in the water is,
as a rule of thumb, 1 through the cord length b.
40 ' _

It may be realized that the profile of the support plane
affects the gradient of the velocity of the flow over the
‘profile. It may also be realized that a person of ordinary skill
in the art of aviatibn may know this affect. However, as far as
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By us:.ng the above parameters, the angle of operation

between the wave and the bottom of the ship.hull:and the free

height distance C may be determined at different load levels.

Characteristic values of the above support plane are illustrated
10 in graphical form in Figs. 5 and 6. ' '

Fig. 5 relates to the angle of operation a (alpha) between
the wave and the bottom of the ship hull at different load values ‘j
snd the table value a(p) may be obtained from the equation below:

15
Equation 2 _h
2V .
ol(p) =.75- y (p)v r +—-[Fr -—2] -cos|- *57.3
20 (Fn* o F'_'
wherein p is the load (34-46.000 kp)
Cl(p) is the lifting coefficient of the support plane
Fr is the Froude value of the support plane
25 : v (ny) = =73
22
vze
'h is the relative depth of the support plane in the
water :
30 1l (lambda) is the aspect ratio of the support plane
' 'I is a relational value between the support plane and .
a : center point of the wet surface through the cord
length. ' |
e (2,718....) is the natural logarithm value
35 '

The table values Hw(p) can be determined by solving the
equation below regarding the free height distance C between the
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Fig. 7 is a graphical illustration of the shape of the
induced wave as seen from above. The m or x-axis shows the

'length of the ship hull between the support plane and the stern

15
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plate and n- or x-axis shows the propagation of the wave sideways

relative to half the span width of the support plane. Half the

span width is shown as 1 in the diagram and 0 represents the
center line of the ship hull. The dotted line Wm,l shows the
inner intersection points between the wave and an imaginary
horizontal and stagnant water surface. The solid line Wm,2
shows the outer intersection points between the wave and the
horizontal water surface.

It should be noted that the above example of calculations
should not be interpreted to represent the best embodiment but
only to serve as guidance to the peréon of ordinary skill in the
art to carry out the invention and to emphasize that the
desirable effect is possible to calculate and is therefore
prédictable and reproducible.

The advantages of the present invention are more apparent
if the support plane 1 is combined with a trimming plane or
trimming foil at the stern of the ship hull. It has been shown
that a trimming foil according to the embodiment described below
significantly improves the advantageous technical results and

reduces drag and energy requirements.

This Sheet Has Been Reﬂlaced
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adjustable and a rotatable stern plate 104. The stern plate
includes, in the illustrated position, é downwardly extending
edge 105. Rotatable movements may be performed by guide bars 106
that slide within parallel inwardly extending grooves 107
disposed in the trimming foil. The movements of the trimming
foil are éctivated by'hydraulic, electrb-hydraulic or mechanical

'driving mechanisms that are not shown. The movements are

15
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transferred to the trimming foil 100 by bar members 108, 109.
In the alternative, the movements may be activated directly by
bar members 108, 109 by an hydraulic piston/cylinder unit.

The trimming foil has a length of 1 that substantially
corresponds to the width of the lower edge of the stern plate.
The foil is preferably split into two halves so that each half
is rotatably attached so that the foils méy be submerged to a
desired depth'in the relative water flow below the bottom of the
ship hull. The foils may be moved by drivable-transferring
members and/or directly by the driving members. The movements
of each half of the trimming foil may therefore be controlled
togetﬁer or independently to counter or reduce the pitching or
rolling movements of the ship hull. Fins 110, 111 are attached
to each side of the trimming foil 100. The fins extend maihly
vertically along the length of the ship hull, at least from the
trimming foil and forward. The fins have a height that at least
corresponds to thefheight of the portion of the trimming foil
that is Submergedfwhen the trimming foil is submerged to a
maximum in the water flow. The length of the fins 110, 111 may
be adapted to the shape of the ship hull. However, the length
should not be shorter than the height of the portion of the
trimming foil, that is submerged to a maxihum, and is preferably
longer than this submerged portion. In the alternative, the fins

~
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support pl ANmovements in the direction of the arrow F in Fig. 9, a load is
applied against the bottom of the ship hull when the water is
transected by the ship hull. Thus, this 1load is gradually
reduced toward to the stern of the ship hull. This is illustra-

15 ted as a schematic in Fig. 9 by the arrows P that extend

vertically against the ship hull.

Fig. 10 shows the trimming foil 100 in é operational

position when the trimming foil has been lowered to a maximum so

20 that the edge 105 protrudes under the bottom 112 of the ship hull
at a depth‘.ﬂ A which may vary depending on the application. 1In

the lowered position, thé trimming foil produces a surface 105'

that extends perpendicular to the direction of the relatj.ve water

flow so that the water flow is slowed down against the surface.

25 The fins 110, 111 therefore serve to prevent the water volume
that has been slowed down from escaping the outer end areas of

the trimming foil. In this way, the water volume that is caught

is exposed to a compression or pressure increase. It may be
realized that the submerged tfimming foil 100 provides an

30 increased drag during the operation of the ship hull. However,
it has been shown in models and full scale tests that this
increased drag is negligible and is outweighed by the overall
improved energy efficiency of the ship hull due to the advantage-

ous effects of the frirhming' foil. These tests have, however,
35 indicated that it is advantageous that the depth A, that is the -
lowest depth of the edges 105 and surface 105' of the trimming

foil account for about 3% of the total length of the trimming




1. In this way, the shape of the induced wave is adjusted so that t he”
trough iwopemtwes | y reduced in the direction toward the ar ggx/seesnissef the

outer edges. This leads to a water flowthat is free of 30 interference,
in these areas. Also, the trough is refilled at the stern portion of
the ship hull without generating interfering turbul ence or air

m xing. A vertical fin 6 is attached 12 each - end of the support
plane 1 to prevent turbul ence at the outer . . edges of the support

pl ane. foldk HGrand rpmefergblyr ahouldy 3% aannmmxlhg abbutthe . P ssfir e
differe gdga_qp t he under side and the upper side of the support

pl ane. e 1 WO 96/ 20106 ' S

PCT/ SE95/ 01583 The support plane is formed according to

cal cul ati on m"ghOdEO iuu&%a\ue@gf@rg&hlaﬂ.&tﬁ@fbf)géht 'éﬂ{bddiﬁﬁeiﬁ: SBEPQTVHe

08" byimming £834 AP0, thet,df sretene fo e dt b cncle & otors)

net hodsinottet eertieal hdisectioh tékaspes to)tnedlérh@tlcwﬂ t@Hip hull (b)

of the ES‘OQREE QLS”En&%CQ ié‘ r}eLflfonw ’?é’t bz%ni’r?e re a :|I.\9er rr'tl:o a line N that
is the normal to the bottom of the 'ship hull. The angle a

_ includes a shifting of the angle frcm the 1line N which, according

10 to the tests and trials mentioned above,' preferably should be
within the interval of about 3 (three) to plus/minus 5 (five)
degrees. That is, according to Fig. 10, this interval- is within ‘
-2 to +8 degrees as. measured from the line N and toward the stem
of the ship hull.

15
By introducing a surface immediately behind the bottom of

the ship hull that is perpendicular to the water flow L, a main
vortex V is generated that 'has a veiccity component that is
directed upwardly and forwardly compared 'to the bottom of the _
20 ship hull. A plurality of minor whirlsf are alsc generated but
are not shown. The main vortex V has the same length a as the
length of the trimmi'ng fo'ii 100 and 'ez_:te_n'ds between the fins 110,
111. The vortex rotates to create a water flow that is directed
upwardly/forwardly below the bottom of the ship hull and in front
25 of the trimming foil. In this way, a zone of increased pressure
is created which is directed to the bottom surface as illustrated
with & P' in the schematic shcwn in Fig. 10. The magnitude of
the pressure in the area of increased pressure depends on the
- velocity of the ship and the height of the submerged portion of
30 the trimming foil 100. '

It is to be understood with reference to the above descrip-
tion that changes of the depth of the submerged trimming foil
directly af_fect the trimming position of the ship at velocities

35 above a certain critical limit.



a suitable Ieng‘;@ggqu?sshape of the induced wave 3. Wth 1l ust &g\g@ﬂg&w

to Figs. 4-7 an . exanple of calculations are used to

correlations that are used to carry out the 10 i nvention (see lvan T.
Egorov, Vitaly T Sokol ov: Hydrodymanics of High Speed Craft,
Sudostroyeni e, Leningrad, 1965 (pages 254- 1 256)) . : Fig. 4
shows a graphical illustration of the lifting ‘?[5 coefficient Cl as a

function of the | oagyPandi§e osfe l-%éfé'r‘@ﬁuin%;[uo&ﬂarthg lag:%%lé;[ 1! @é%.g_stics

of 34-46,000 kp and a velocity s are used. It Is furt
assuned that t¥FRlIEHRAt Footthgaoperationnl deptirsofsihe kyiamingnfaidatand cthe

required |iftigDopOh§eahglé at thé BobterUsE Bhe!siigrRyiiat itHEl sapdStedt has
n bel ow for, the_ | padin

9.81 and the | gad used.. 20 solving, the equati [
Cnterval, a  Showd it the d¥ad tHaT ke MeSRIAFER (PY & Lhiming cER b Anat is
25 Equaion flormed|[accdrdinferto] the pwdsert nidwveéntiba, aieaneglikdble. The
support pl ane. t Iflggl e his 35 s 3 4 . S Is. 4. 2
meter and the 1E:éoér.it(:j lt}_g%%? 'S sh&w a7 %‘?’é?&é‘?n %%ée%glgvrﬁ?%ggi taﬁ%: may - be
assuned that t¢mlé¢ubated fiarcell ship/eizdém thatiareobperatedppdr @ FiNineralue
is free from aiga¢ ¥ Wifgher than 0.6. The FNL value refers to the dimension
| free Froude value which takes the constant of gravity into
10 account and depends on the length of the ship and the velocity

- thereof.

With reference to Figs. lla and 11b, a schematic of an
-alternative embodiment of the trimming foil of the present

15 invention is shown. 1In this embodimént, a trimming foil 100',
- having a bow shaped cross section, and a surface 105'', that is
turned in the direction of the movement of the ship hull, are
secured to a peripheral end of a rotatable rod member 113 to -

_ transfer a peripheral movement to the trimming foil 100'. In

20 this way, the rod member 113 may be mounted into a recess 114
disposed in the stern plate of the ship. It should be understood

| that a certain number of rod members 113 are required to provide
stable rotatable attachment and movement of the trimming foil

- 100' although only one rod member is shown in the figure. The

25 trimming foil 100' is formed so that it may rotate about a pivot_'
point 115 so that its radius is a distance R. The pivot point

115 may be attached to the sides or to a bottom 116 disposed in

the recess 114. The rod member 113 may be controlled to raise

or lower the trimming foil 100' to the position, as shown in Fig.

30 . 11b. .This mox_?ement may be performed by hydraulic, electro-
hydraulic or mechanical driving mechanisms not shown. In this

way, a piston/cylinder unit may, for example, be attached within

the recess 114 or extend to the outside of the ‘stern plate as is

known to the person of ordinary skill in the art due to the known

35 and conventional construction thereof. .'Naturally, the alternati-
ve embodiment of the ti'imming foil 100' must be désigned so that

the portion of the trimming foil 100' that is submerged in the



and that the relative depth of the support plane in the water is, - as a

rul e of whoweneids t hr ough the cord length b. 40 | tpoTEEONG1s8al | zed
that the profile of the support plane af fects the gradient of the .
velocity of the flow over the profile. It may also be realized that a
person of ordinary skill in the art of aviation may know this affect.
However, as far as WO 96/120106

PCT/ SE95/ 01583 8 t he i nventor

i's a\/\lgha,tétrhE?ﬁwrﬁaﬁistﬂﬂst}h@fnéﬁn&fMabmuﬁ@nents ré@%fﬁj;ﬁxg ueh@ergranner
accor di o the i.nventi0 ener predeterm ned wave
for dyFippang: RSy Bna feeth’in' Phefater pe ek dare s for g

By usi thet herixirgg pfoihbel00s, Sined bangl toofthepetzzaltxmling foil béOﬁeelttﬁle
wave a +h | T

may be[&cqf H“rm ntefrctiﬂrj‘{ leoﬁfg:rog: eq"lag}agc# % tﬂ%sf aei‘ﬁ:a(%ar ac er| ?thl C va ues of
t Be abthe F9idorkO}) ancAlse. | thesfpétled-oﬂ)' preferably chs divided gnye 5

-and 6. ¢wo halves which are individually movable by separate dr:.v:.ng
" members.

. It should here be pointed out that the gap 117 that may be

10 created between the stern ‘plate and the tr:.nuning foil in all
applications should be kept to a minimum to prevent water from
escaping through an opening which would lower the efficiency of ‘ __
the increased pressure that is generated in front of the trimming

. foil. | | |
15 _
With 'reference to Fig. 12, yet another embodiment of the

trimming foil of the present invention .‘LS shown.

. In this embodiment, the trimming foil' 100'' includes a bow
20 shaped surface 105" that is turned in the’ direction of the
movement. A rod 124 is adapted to transfer peripheral movements

to the surface 105' v by being rotatably attached to a pivot
point 118. The trimming fo:.l_ 1_00' ' is shown as having two
separate 'halves that are each rotatably attached to holding

25 devices 119, 120,_' respectively.' The_ holding devices 119 are
_s.hown with dotted lines in the figure. To create enough space

for the discharge portion of the driving ‘device, both of the
inner holding devices 119 extend away from ‘the stern plate 104

. at a certain angle. Both of the halves of the trimm:.ng foils are

30 maneuvered indivz.dually by rotatably attached piston/cylinder
units 122, 123 respectively. These units shift the trimming foil

100'* in a bow shaped path ‘about the _peripheral end portion of

the rod 124. It should be understood that the two separate and
1ndividually maneuvered halves of the trimming ‘foil provide

35 continuous counter force to rolling movements and side ways
movements of the ship. By coordinating the activation of both



Fi gf 5 rel at es“ttpgg,{(ﬁo@ngl e of operation a (al pha) between POIREISY 583
and the bottomof the ship hull at different |oad val ues and the

tabl,e value a(p) nmay be obtained fromthe equation bel ow 15

Equation 2 [err] wherein p is the |oad (34-46.000
kp) Cl(p) is the lifting coeffgcient of the support plane
Fr is the Froude value of the support plane 2 v (ny)=

[err] of the halvld S th® pLtehiMg HeReheritd End URGveheAtaNQlichg the
t he wa 1 (lanmbda) is the aspect ratio of

er. 3 . _
the support plkERgth &t °tne ship may; be, T nal val ue between the
support plane and a center point of the wet surface through

the cord _ Obviously; the activation of the trimming foils may, in all
5 embodiments, be contfolled automatically to counter act the
movements of the ship which are detected by for example a gyro.
This detection is_then converted into control signals for the

driving mechanism of the trimming foil. |

10 In the latter embodiment, the pivot point 118 should be
'positioned SO that the operational positioh of the bow shaped
surface 105''’' of the trimming foil 100'' is adapted to achieve
the expected effect of desirable length, sloping angle and depth

_ so that the parameters oﬁtlined above also apply to the trimming

15 foil 100''. A detailed description of the dimensions are not
going to be provided here because it is up to the person of
ordinary skill in the art to adjust the dimensions of the
trimming foil including its suspension and rotation members to
achieve the desired results based on the above description of the

20 invention.

The trimming foil of the present invention provides a
mechanically simple and reliable, effective and easily maintained
mechanism at a moderate investment cost. The invention enables

25 continuous, dynamic trimming of a fast moving ship hull while
counter acting rolling and pitching movements during the
operation of the ship. Some of the desirable results can be
summarized as follows:

- Quick response and low energy requirements.

High efficiency of the trimming energy provided.

Low mechanical load of the moving parts.

No disturbance of a reversed water jet stream.

30

By providing a rotatably attached support plane at the stem

35 of the ship, possibly in combination with a trimming plane or
preferably a trimming foil that is attached to the stern of the

ship, a very effective method for reducing the drag and reducing



| ength. - - e(2 718....) is the natural |ogarithmvalue 35 _
The t ablweo yebo106 HwW p) can be determ ned by solving the pcT/SEpS®issen bel ow

regardi ng the free height distance C between the WO 96/ 20106 .
PCT/ SE95/-01583 9 i nduced wave and
the bottomof the ship hull, as shown in Fig. - 6: Equation 3
[err] 10 16 _

the wet surface of a fast moving,_ planing or semi-planing ship
is achieved. By providing the support plane with a suitable span
and cord length according to the present invention, and by
designing the support plane, as shown above, so that the length,
5 width, and operational angle of the induced wave are adapted to
a specific ship, an optimal floating position of the ship may be
achieved. Additionally, by rotatably attac_hing _the support plane
so that its operational 'angle and lifting force is ' continuously
adapted to the tonnage of the ship and its speed during accelera-
10 tion and operation, the vertical movements of the ship may be
'minimized while maintaining an optinial floating position even
_during rough sea. The method is usable for ships having one ship ‘
hull or several ‘ship hulls and may preferably be used with
, catamaran ship hulls.
15



Fig. 7is a ovpBssdbei | | ustration of the shape of the I NndusErSRY3ESS3 S
seen fromabove. The mor x-axis shows the | ength of the ship hul
betyween the support plane and the stern plate and n- or x-axis shows

t he propagation of the wave sideways 15 relative to hal: ; L dt h
of the support plane. Half the span Wy h is shown as 1 in the diagram

and O represents the center line of the ship hull. T l’wwlﬁmm A
Wn 1 shows the i nner intersecti opapenit er.ReMween the Iﬂr”""
I magi nary hori zontal and stagnant water surface. The sofidLIiMQSVWrZ

20 shows the outer intersection points between the wave and the
hori zontal water surface. : It should be noted that the above

exanpl e of qgal cul ati | d nqt .be .interpret o] se '
beat embodi ent batedie £F, SpB4nEe, dr it L £ cnBEFhEE Breblhe or
ordi naby skisemii+planing ship thubl cacopprisingethayerepen ofitd t o enphasi ze
that the desirable effect is possible to calculate and is therefore
predi ctabl e and reproduci bl e. 30 The advant ages of the present

i nvention are nore 3FRNENg a2 contippeuslypadjustahiel sppresithpdadeailin o

trimmng pl @'&t@m of tHd ISHIPhIP| Bhe!SSpPdbLEtNpLankBRa®ihg BUWHing! khagea
been shown that a trlnn1ng foil according to H{e enbodi nent descrlb%gg
bel ow SEQSS SeSHiOP i fPPoTHEPPRE BLIBR! aqdinstable Fiee 4Ry

reducge dr agparthtddizly dmmfle '68e8hé. support plane during the operation of
: the ship hull, ' ' -

- generating a wave (3) by the support plane that is
submerged during the operation.of .the ship hull,_the wave hawving
15 a length, width, and depth that is controlled to be adjusted to
the length and the tonnage of the ship hull so that the generated’
wave engages the bottom of the stern portion of the ship hull at
a negative angle (b, beta) relative to the horizontal plane, the
wave providing an increased free height distance (C) disposed in
20 front of the stern portion so that
- - the length of the wave is controlled by the cord
" length (b) of the'support plane, '
- the width of the wave is controlled by the span (a)
of the support plane, and -
25 - the depth of the wave is controlled by the load (p)
i of the support plane. '

2. A method according to claim 1, wherein the generated wave is

adjusted to engagé the stern portion of the ship hull that is
30 within an area that corresponds to 5-20% of the length of the

bottom of the ship hull as measured from the stern plate.

3. A method according to claim'l, wherein the support plane (1)

is adapted to be lowered to a depth, during the operation of the

35 ship hull, that corresponds to'l through the'chd length b, the
- support plane being adjustablé relative to the angle of operation



WD 96/ 20106 PCT/ SE95/ 01583 Fig. .8 shows an

embodi megio ¢ m S(ﬂeentﬂvala@desent i nvention toRkod/Pisss
generally re erredto e nunmeral anismis
nmounted at the | ower , rn of Shl hul | ~The
illustrated enbodiment i ncI udes t he d@‘i m”m'm" s from
here on referred to as trinmmng foil 100 Llane di sc
or plate 103, a vertically adj us?abl e and -a rotat abfe Stern plate

104. TPRa&t£5NwPLALA an anguac RS a1 it Hd |dsdd At SE m&agweuaé of
downwar dl y ext endi ng edge 105. Rotatable novements may™ be perfornmed

by guiHe #29%€€86 10 that slide within parallel inwardly extending
grooves 107 di sposed in the triming foil. The nmovenents of the

trimm oil are tivat ed h aI o ct ohda . :
rrecha?talAmetorW%aFﬁ ?rﬁgjf ph Iﬁéf‘?ﬁﬁmr? e ?_nraﬁ?s are

t§ ansfeomizinéd withta |1mimmg.ﬁg) iplai&d thptbas atsbesedlﬁéhiﬁd%hé&)ottdzut he

alter [ nts may be activated directly by bar menbers
108, % %ﬁe éﬂﬁk}gﬁé FEC pi-st on/ cyI i nder unit. _ o

5. A method according to claim 1 wherein the support plane is
combined with a trimming foil (100,100',100'') that is disposed
10 behind the bottom of the ship hull. - :

6. A method according to claims 1 and 5 wherein a ‘surface ‘ _
(105' 105'" ,105"’ ') is disposed immediately behind the bottom of
the ship hull and is perpendicular to the water flow (L) to
15 generate at least one main vortex (V) _nhaving an upwardly and
' forwardly directly velocity component in front of the eurface to
create a water volume having an increased pressure that is
positioned in front of the surface at the bottom of the ship

hull.

20 . _
7. A method according to olaims 1, 5 and ._6 .wherein the surface
(105', 105'', 105''') is inserted into a continuously adjuetable
depth (A) that corresponds to about 0-3% of the length of the
surface, preferab_ly up to a maximum of 2._7% of the length.

25 '

8. A support plane (1) for 'dynamic trimming of the floating

positio'nfofj a fast moving, planing or semi-planing ship hull, the

ship hull including, _during.:operation,- a COnti_nuously submerged,

- rotatably attached and continﬁouSlY .a_dju.stahle wing (1), the wing

30 being adjustable relative the vertical movements' of the ship hull
and the wing having a wing shaped croes section, comprising:

the wing/support plane (1) heing_ dimensioned with regard to

the angle of operation, span (a) and cord length (b) so that the

support plane generates a wave during the___ operation of the ehip

35 that is adjusted to the length and to_nnag_e of the ship, the wave

engaging the stern portion of the ship hull at a negative angle

relative the horizontal plane, the wave providing for an



the wwdth of the | ower edge of the stern pl at s preferably

The trimming fovoebzmea | ength of 1 that subst ,j“j , Er'_mmsd/elssm
split into two halves so that each half k3 e ﬂ ma !iched so t hat

the foils may be subnerged to' a deswed depth in the relative water

fl ow bel ow the bottom of the ship hullig The foils may be noved by
drivable transferring menbers and/or directly by the driving nenbers.
The novenent siritfreasgd eﬁcﬁehaleﬂ-'gﬁtft tdisstanwer dijsposedndy tffirardf € bhe stern
controlled ort St R4+ i ndependently to counter or reduce the pitching
or rol li ng novenent s ? the ship hull. Fins 110, 111 are attached

to each side of the trrrrrrthg l@ngtiooof Tibef |W%x%§n§°ﬁirm1}e<3 by the cord
vertically ahQagythep et heré s8spsPtPphdhk, at |east from t he 30

trlmﬂn%nfml and forward., The_fins have a ﬁelght t hat at

| ea
ds to the hei ghtth# ‘firfé h % Bheovavrelsr FRRERGLEGA bY the; gpan; {a)

corresp

subrrer ged WheE titge tduppory phahe) saﬁabmerged to a maxi nrumin the

wat er fl ow. Thelength'of t he_f e apt ed t he
shape of the ship hull. %é‘gﬁt‘ﬁ% F‘é‘ﬁg‘fﬂ"%5ls 88881“8%?18@ £% ths; E?Pd (p)
than the hei gift tifetémpqzmrtlplamé t he trimmng foil, that is subnerged
to a maximum and is preferably | onger than this subnmerged portion. In
the alternative, the fins WD 96/ 20106

PCT/ SE39/ 01583 The use of a support plane, having a wing shaped cross
section, to generate a wave that is adjusted to the shape and
tonnage of a fast moving, planing or semi-planing ship hull, the
wave engaging the bottom of the stern portion of the ship hull

_ at a negative angle, the wave providing an increased free height
15 ' distance diéposed in front of the stern portion for dynamic
trimming of the floating position of the ship hull.

10. The use according i:o claim 9 wherein a sﬁpport plane is used
at the ‘stem portion of the ship, the support plane being
20 continuously adjustable relative to the operational angle and the
support plane being dimensioned so that '
-~ the length of the wave generated is controlled by the
cord length (b),
- the width of the wave is controlled by the span (a),
25 and
- the depth of the wave is controlled by the load (p)
of the support plane. |

11. The use according to claims 9 and 10 wherein a support plane
30" is used having a cord length (b), a span (a), and load (p) to

generate a wave during operational speed having a length so that

the wave engages the stern portion of the bottom of the ship hull

at a negative angle relative the horizontal plane, the engagement

being within an area that corresponds to 5-20% of the length'of
35 the bottom of the ship hull.



110, 111 may bgodsiefdsed to the ends of the trinmng foi

the shi-p hul
hult as shown in Fig. 8. 5
a rai sed rest position so that the iﬁ
l:evel as the bottom 112 of the ship Sfl
not extend bel ow the bottom

have a

10 tions,
novenents in the direction of the arrow

appl i ed agai nst the bottomof the ship | when t
transected by the ship hull. Thus, thi oad is

toward to the stern of the ship hull. Th s illu
schematic in Fig. 9 by the arrows P that

the ship hull. Fig. 10 sho

oper at i onal
maxi mum so 20
ship hul

position when the tri \'
t hat the edge 105 protrug

and preferably in the area of the bottom of the

Fig. 9 shows the trinmng foi
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| east so that
The function of the fin 110, which may
sui tabl e shape with regard to the above nentioned size condi -
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it does

10. During

he water is
gr adual | y reduced
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has been |owered to a
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at a depth.. Awdbgsnip@y vary depending on the application. In PCT/SEDSI€1583
| onered position, the trimmng foil produces a surface 105[err] t hat
exgends perpendicular to the direction of the relative water flow so
that the water flow is slowed down against the surface. 25 The fins 110,
111 therefore serve to prevent the water ‘ﬁéune t hat has been sl owed
down from escaping the outer end areas o the trimmng foil. In this
way, the water volune that is caught is exposed to a conpression or’
pressure increase. It may be realized that the subnerged trinm ng
foil 100 provides an 30 i ncreased drag during the operation of the ship
hull.  However, it has been shown in nodels and full scale tests-that
this incrgased drag is negligible and is outwei ghed by the ;/eral

i nproved energy efficiency of the ship hull due tosthe advantage-
effects of the tRNinmng foi
that it is advanéi""""‘ -

ous
These tests have, wever, 35
he depth A, that /s th

ETT]of the 1Trimmng [~
qf the trinmm ng

i ndifcat ed
2 | depth of
bunt f or

t he edges 105 and\s
about 3% of the td
PCT/ SE95/ 01583
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f oi I; 100 and pwas ey should, at a maxi mum be about 2.7% of PCT/SEﬁéﬂff‘:lsss
nt o

| engt h. Fig. 10 illustrates a schematic of an enbodi nent

the; 5 trimming foil 100 that is arranged to slope at an angle a (al pha)

in the vertical direction relative to the length of the ship hull SO

that the angle a is below determned relative to a line N that is the

normal to the bottom of the ship hull. The angl i ncl udes a
shifting of the angle fromthe line N mhich,'adﬁl%ﬁing 10 to the tests
and trials nmentioned above, preferably should be wi thin the interval

of about 3 (three) to plus/mnus 5 (five) degrees. That is, according

to Fig. 10, this interval is within -2 to +8 degrees as neasured from
the line N and toward the stem of the ship hull. 15 By
i ntroducing a surface inmediatel y behind the bottom of t he ship hul

that is perpendicular to the water flow L, a main vortex Vis
generated that has a velocjty conponent that is . directed upwardly and
forwardly conpared to the pottomijof the 20 g=s sga hull. A plurality of
m nor whirls are al so geneyated but j?&;n shown. The main vortex V
has the sane length a as the |l ength of the trimmng foil 100 and
extends between the fins 10, 111. The vortex rotates to create a
water flow that is diréected upwar dl y/ forwardly bel ow the bottom of -
tthe ship hull and in front| 25 of the trimmngifoil. 1In this way, a zone
of increased pressure

\

Lt
C_____’
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1
E
6

- —

Fig. 3b



is created whi &0 b&20ddg ected to the bottom surface as il ustrat egper/sEes/in1sss

with a Plerr] in the schematic shown in Fig. 10. The magnitude of t he
pressure in the area of increased pressure depends on the vel ocity of
the ship and the height of the subnmerged portion of 30 the trinmng foil
100. It is to be understood w4/ reference to the above
descri p- tion that changes of the depth of the subnerged trimm ng
foil directly affect the trinmng position of the ship at velocities
35 above a certain critical limt. WD 96/ 20106
PCT/ SE95/ 01583 13
Ext ensi ve tests have thus shd%ﬂst e above characteri stiCs relgting to
the operational depth of the triming fbil and the sl opi hg angl e at
the bottomof the ship hull. The{sane {est has shown that thg drag
that is generated by a trinnngg foil that is 5 formed accofdingjto the
present invention, is negligi Q_ THé //////’,/'
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. | .
Cl(p) i

0.30

0.25

0.20

P Fig. 4

a(p)
1717

-1.818 18 \\
919) ¢ T~
-2.020 ' ‘\
' 44

-2.121 [p}m .
-2.222 | T~

2,323}




test results sWweded9idencr eased ef fectiveness that may be . CPCT/SESH02583

for all ship sizes that are operated at a FNL val ue that is higher
than 0.6. The FNL value refers to the dinension free Froude val ue
whi ch takes the constant of gravity into 10 account and depends on the
|l ength of the ship and the velocity reof . Wth
reference to Figs. 1la and 11b, a schematiCc of an alternative
enbodi ment of the trimming foil of the present 15 i nvention is shown.
In this enbodinent, a triming foil 100[err], - having a bow shaped
cross section, and a surface 103[@:], that is turned in the
direction of the novenent of th&%hijp hulli. are secured to ia .
peri pher al enerotatable rod nmgnber 113 to transfer a iperipheral
novenent to th ming foil 100[erfr]. In 20 thisiway, the rad er
113 may be nmoup®.682iinto a reces§[§bl4 ~dispdsed i h the sBtern iplate}|of
tithat a:icertain nunper of,/rod

the ship. It D&ng be under st
menbers 113 arg* iired to provide stable rotatable att ment and

novenent of theosmrmi ng foil 100[ erir] al thoughionly o rad nentper
is shown in th dre. The 25 rinmmng foil :100[efr] is¢/forned so ghat
it may rotate aQ)ZaéWa pi vot 07%|nt 1-b So that 1{sS rddius 1§ a

di stance R Th LYO0t poi r],];lw[] 115 may (be attached|td the si des or {o a
bottom 116 di s 25% Phe redess 134. Thé rod nberi 113 nay be

controlled to fayge or Io&e,r hetrlrrmng: 100[ err] toithe
position, as spewain Fig. 30 01y THES WOV Ey e T perfior ed| by
hydraul i c, el €d).820 hydraul i c Jor ned¢hani gé i Vi ng niechaniisns not
shovvn’. In this i i
| 0.65
0.60 - _ :
34 36 38 40 42 44 46
P Fig. 6
Wm2 20
Y.Y.’E'.". \\\
W 3 15 ~
— : \\
. \
m:=0..4 1.0 e o Sy
:=0..3 i j:.: —— et e e -4_:‘:-4:\\—‘ —f—
(0191 0.867 1.800 0780 | g5
0.340 0.933 1.813 0.780 , ‘\\
W:=| 0488 1.000 1635 0780 | o L | . P
0.741 0.783 1.383 0.780 0.1 020304 05 06 070809 1.0
1000 0 1.133 0.780 | Wn 0

| . - | Fig. 7



way, a pistongrybddaded unit may, for exanple, be attached w thi RCT/SE9S/O158%

recess 114 or extend to the outside of the stern plate as is known to
the person of ordinary skill in the art due to the known 35 and
‘conventional construction thereof. Naturally, the alternati- ve
enbodi mrent of the trinmmng foil 100[err] nust be designed so that t he

portion of the trimmng foil 100[err] that EEQFUbnerged in the

WD 96/ 20106 PCT/ SE95/ 01583
14 water flow satisfy the geonetrical requirenents regarding |ength,
sl oping angle, and depth in the water as was determ ned above for t he
trimmng foil 100. Simlar to the trimmng foil 100, the trimmng
foil 100[err] cooperates with fins attached to each side of 5 t he foi
100[err]. Also, the foil 100[err] preferably is divided into t wo
hal ves whi ch are individually novabl e Pbarate driving menbers.
It should her poi out_that the gap 117 thatyggy be
| S 10{ O,
- il 106-f-107" | 107} 106 il
| 10— — U/m
| 105
- | |
I




10 = created beiowgpodshe stern plate and the trimmng foil in alperiseesnisss
applications should be kept to a mninmnumto prevent water from

escapi ng through an openi ng which woul d | ower the efficiency of t he
i ncreased pressure that is generated in front of the trimmng foil.
15 Wth reference to Fig. 12, yet another enbodi ment of the
trimmng foil of the present invention is?Qﬁbmn. In this
enbodi ment, the trimmng foil 100[err] includes a bow 20 shaped surface
105[err] that is turned in the direction of the novenent. A rod 124
is adapted to transfer peripheral novenents to the surface 105[err]
by being rotatably attached to a pivot point 118. The trimm ng foi
100[err] is shown as having two separate hal ves that are each
rotatably attached to holding 25 devices 119, 120, respectively. The
hol di ng devices 119 are shown with, dotted lines in the figure. To
creat e enough space for the dischaygeipgrtion of the driving device,
both of the i nner hol di ng devi ces @19 extend away fromthe stern

pl ate 104 at a certain angle. Both of the halves of the trinmmng
foils are 30 maneuvered individually By rotatably attached.

pi ston/ cyl i nder units 122, 123 respgectively. These units shift the
trimm ng foil 100[err] in a bow shdped h abou{AEhe peri pheral end
portion of the rod 124. It shoul d .bde undetr st ood k t the two separate
and i ndi vi dual | y mangyyered hal ves fef—t-he—trimning—fpil pHovi de 35
conti nuous counter force oLl ‘w,snngs and side wgysg

___ " 115

/// 112

NS

(D]

=

\\\\\\\\\\\\\\\\\\\\\\}E 5

114

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

105"

| | 7 Fig.11b



novenent s of &Q}e%?zma%' By coordinating the activation of both PCI/SE95/015830
96/ 20106 _ PCT/ SE95/ 01583

15 ' of the halves, the pitching novenents and novenents al ong the

‘I ehgth of the ship may be reduced. Obvi ously, the activation
of the trimmng foils may, in all 5 enbodadﬁits, be controll ed
automatically to counter act the novenments of the ship which are
detected by for exanple a gyro. This detection is then converted into
control signals for the driving nmechanismof the trimmng foil. 10
In the latter enbodi nent, the pivot point 118 shoul d be positioned so
that the operational position of the bow shaped surface 105[err] of
the trimming foil 100[err] is adapted to achi ed effect
of desirable |length, sloping angle an so that the paran@ers
outlined above also apply to the trifim T

18



15 foil, 100[err}. °'A detailed description of the dinmensijoms areé not

going to be provided here because it is up to the person o } Aary
skill in the art to adjust t he di mensi ons of the tri ngzgd“l[q'\fjjldaa
including its suspension and rotation menbers to achfe i |
results based on the above.description of _the 20 i nvent ] on. ,

The trimmng foil of the present inventi off provi des a . nmechantcatty

sinmple and reliak| %th%;{ %g#%&gman@hgés;_é yréﬂég@iﬁajé(i,]_an'j_ng EBepani $8 ghed
cost . The

noder at e i nvest nen | ivent i on enabl es 2

. t d
trimming of HEEHGuIEY PEgachieving anpprimal °per8%ﬂfﬁf‘§$ nﬁwér)\g%sdrt&%\él% ﬁg}‘énd

pi tching nouesEANbs €heibgttdne of the siphy buldrend thieesynfpce ohkheowatns.
desi rabl e rgﬂfa &,;,tmlb auoﬁwgﬁgiégg genbehi DPsbout 5 degrees. Qhe
0

response an energy Tequirenents.

. - Hagh,effi f
tri ming endiprHithptdeeerate with such %Wﬁﬁ%ﬁ?ﬂ%’a:agp&gah%‘%é 5’2’?&%9?%56 :

parts. = of gravityofdisberihahctheohid seveigedfighership ldegnd have,
By providi “gnfﬁe{e%to%ab!:}’i 1 SHHRE K EeRt2A8ngi thafndl e5ta6i 11 €Y. t hen
Vo 0

shi p, possi n corfbi'nation wth a trimmng e a

| ane or ref erabl,
trimmng foiBragidice.sthesachmes o5 sin iBLASATe QBLY S_‘”‘E‘F‘F?’pé) fg’R/EF?ng .

ef fecti ve magvaasl iffoa dywthifid &xriihaiflyahgledofcshmithng degrees is attainable |

10 in certain designs, it is often impractical due to problems
related to navigation, handling of goods and the comfort of

passengers.

A technic that, in many aspects, satisfies the require-

15 ments of reduced drag and improved comfort of this type.of a ship

' hull .is the use of controllable ahd submerged support planes or
hydro foils.

The existing systems of submerged and controllable support

20 planes are all directed to having a support plane only at the

stem of the ship hull and, in the alternative, to having support

planes both at the stem and at-the stern of the ship hull. The

former is only moderately efficient and the latter requires

expensive and complex systems. One problem with designing a

25 system having support planes both at the stem and the stern is

the trough between two waves that is generated by the front

support plane. This interferes with the function and efficiency

of the rear support plane resulting in increased drag. Another

' problem relates to the insufficient strength and reliability of

30 - the support plane that may occur if the support plane and/or the
control system of the suppo:}:t plane is damaged.

The object of the present invention is to provide a method

and mechanism for dynamic trimming of a fast, planing or semi- -

35 planing ship hull, the implementation of which will set aside

the mentioned problems in existing trimming systems.

The object of the present invention is satisfied by the
method, mechanism and the use thereof according to the claims

40 herein included.
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WO 96/ 20106 _— o PCT/ SE95/ ow&gEPLACEMENT SHEET

16 the wet surface of a fast.noving, planing or sem -plaping ship

is achieved. By providing the support plane with a suitable spaph 21 Jun¥g97
cord length, according to the present invention, and by dpsigning the
support plane, as shown above, so that the length, 5. wdth nd :
operational angle of the induced wave are gdapted to a bpecific shinp,
an optimal floating position of the ship may be achi eved.

Addi tional | yFigy ot asall giaéteidy ngf tdamdthidipaltephative embodimenttosf tthe

oper at i onal delbfting force i s continuously adapted to the
t onnage of t%%ggﬁﬁggaﬁék?fs speed during accelera- 10° tion and

operation, the vertical novenents of the ship may be . mnimzed while
mai nt ai ni ng an optrhellirvedtiiony WSbas@d 6icithe concdipt NUf r osfhgsea. fullly

T, e 7 B e R T g vl B o ol
to,a p hull as shown in Fig. 1. he support plane 1 is
especially desighed to generate a wavef‘é'r trough disposed behind
the support plane 1. The wave has a predetermined length and
width that cause the water to engage the rear portion of the

10 bottom of the ship hull at an increased operational angle. The
contact area with the water surface typically corresponds to
about 5-20% of the length of the bottom of the ship hull, see B
in Fig. 1. By controlling the shape of the wave, it is possible
to take advantage of the lifting power of the wave to reduce the

15 frictional drag of the ship hull resulting in lower construction -
costs and less complexity of the ship hull as some of the
advantages.

The wave or the trough may therefore be controlled to affect

20 the following parameters:

- The length of the wave is controlled by the cord length
(b) of the support plane. _
- The width of the wave is controlled by the span (a) of the
25 support plane.
- The depth of the wave is controlled by the load (p) of the
support plane. '

By using the above reference points, it should be understood

30 _ that it is possible to design and position a support plane that

I is adapted to a specific planing ship hull so that the planing
shown in Fig. 1 may be achieved during operation of the ship.

_ According to calculations and tésts, the concept of the
35 invention produces the desi:t:able technical effect predicted. A
front support plane, designed to absorb a substantial load,
possibly in combination with a trimming plane or trimming foil

|l AMENDED _ SHEET
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17 . :PATENT €LAI M5 1. ifet hod T or
dynamc trimmng of a fast noving, planing:or 5 °~ sem -planing ghi 1Jﬂ 1997
conprising the steps of: - arrangi ng a continuousljy jadj ustabl
support plane (1) to a stemof the ship hull, the supporf arre

havi ng a wi ng shaped cross section, tHe support pl ane beiln

adjustable relativg to_the 10 erational. a le. o | an
during the operati o%uppm—]t p}ﬁgg {1 F€ 28cbr d:ng e gfg&fé%i&[‘ It
wave (3) by tfrersm;ipmtppbﬁhbeshatl‘hes positimbwérgbhledmupmnmwbpeeat ithe

of the ship hedduitds mreibngscé%r ghbenghl. pW dhB. +ABd sdeRt ReiltRli tyS v
controlled to be aghust dto £ t elenths hetoq:naeof t.he ship
hull so that Y g&Rer profilg, RA¥% e guse hénbo?fli-o’i%-éff%e-he @lgpation
portion ®f t fm‘dm@ Hed Idedtermine the size of the span (a) and the cord length
(b) of the support plane which in turn may be used to determine
a suitable length and shape of the induced wave 3. With
reference to Figs. 4-7 an example of calculations are. used to
illustrate the correlations that are used to carry out the
10 invention (see Ivan T. Egorov, Vitaly T Sokolov: Hydrodymanics
of High Speed Craft, Sudostroyenie, Leningrad, 1965 (pages 254-
256)).

Fig. 4 shows a graphical illustration of the lifting

15 coefficient Cl as a function of the load p. The example assumes

that a load in the order of 34-46,000 kp and a velocity V of 26

knots are used. It is further assumed that the density of water

o is 1.025 (salt water) and that the required lifting force F is

the product of the gravitational constant 9. 81 and the load used.

20 By solving the equation below for the loading interval a
graphical illustration as shown in Fig. 4 is provided:

25  Equation 1 Cy(p)=F(p)
pev,
30 58

wherein S is the area of the support plane. _In the example, this
35 area is 3.234 m2. The span is 4.2 meter and the cord length is
0.77 meter. In the example, it is assumed that the flow of water
_ over the profile of the support plane is free from air mixture -
and that the relative depth of the support plane in the water is,
as a rule of thumb, 1 through the cord length b.
40 | ' _ |
It may be realized that the profile of the support plane
affects the gradient of the velocity of the flow over the
profile. It may also be realized that a person of ordinary skill
in the art of aviation may know this affect. However, as far as

\\ AMENDED  SHEET




a negative angle (b, béta) relative to the horizontal plane,

provi di ng an i ncreased free hei ght di Stance (C disposed in ZMLAGWEN%fS—HEET
the stern portion so that - the length of thejwave Is
controlled by the cord |l ength (b) of the support plane, 2 1 JUN 1997

- the width of-the wave is controlled by the span (a) of [ the suppor“

pl ane, and 25 - the depth of the wave is control | et—by—the

| oad (p) of the support plane: A nmet hod accordjng to claim

1, wherein th
of the ship hyl
the I ength of
pl at e.

e generated wave is adj ust®ed to engage the stern portion
t 3 hi ar.ea r on 0 L.

Lhyblll wape Hoa Bk Rec B bR IS E AR Y thopn Y -

3 A et hod according to cI aim1, wherein the support plane

is adapted to be lowered to a depth, during the operation of the

(1) _
35 ship hulg

support pl ane
WD 96/ 20206

10

15

20

25

30

LRgbnCcqrresponds to t Mough the cord fength b, the
g‘éll ng adJ ustable rel atijvé 3 the[anqu e oj operation

Hw(p) :=|e™  +2- -Cy(p)

Fig. 7 is a graphical illustration of the shape of the
induced wave as seen from above. The m or x-axis shows the
length of the ship hull between the support'plane and the stern
plate and n- or‘X:axis shows the propagation of the wave sideways

"relative to half the span width of the support plane. Half the

span width is shown as 1 in the diagram and 0O represents the
center line of the ship hull. The dotted line Wm,1l shows the
inner intersection points between the wave and an imaginary
horizontal and stagnant water surface. The solid line Wm,2
shows the outer intersection points between the wave and the
horizontal water surface.

It should be noted that the above example of calculations
should not be interpreted to represent the best embodiment but

-only to serve as guidance to the person of ordinary skill in the

art to carry out the invention and to emphasize that the
desirable effect is possible to calculate and is  therefore
predictable and reproducible. i

The advantages of the presént invention are more apparent

.if the support plane 1 is combined with a trimming plane or

35

trimming foil at the stern of the ship hull. It has been shown
that a trimming foil a,ccordiﬁg t+o the embodiment described below
significantly improves the. advantageous technical results and
reduces drag and energy requirements.

H AMENDED _ SHEET |




that is within an angle interval in the order of a nmagnitude o REPLACEMENT SHEE]
degr ees. . 4. A nethod according to claim1l wherein,the]support

plane is 5 conbined with a trinmng plane that is di sposed pehi 134 gb@ 1997
bott om of the ship hull. 5. A nmethod according fo| claim

wherein the support plane is conbined with a trimmng fojl

(100, 100[err],100[err]) that is disposed 10 behind the bottoﬁof the ship

hul | . 6. A nmethod according to clainms 1 and 5 wherein a surface -

(105[ err], 105[ er FigL0®f &hope pn embpdivent Bk dihe alerhsedshy ofnhEPEPTRFERE

t heI ship hulgnvaittiich paigaend @&rﬁrh 410yt heferired tbowith) réfeténce gooeers®
at | east on I n,Mortex aying_an r d

directly veﬁéic&t y'ﬁ(g‘oer‘rﬂ‘(‘)a e Xl %Foﬁ?mé?&?\kll%é g%ﬁ% glc%g'etroend I:Q.’g?éa%gegnv\ola%er
vol une havi rithean shier ehudd pResskhe dfdustrated emhodimentedipflpasst Hhe

the surg ace yRdcHdM P00 Shathfs SAdin here ofltéferred to as trimming foil
160, a substanti.ally plane d%(s:g or oplate 103, a wvertically
adjustable and a rotatabl¥ .stern plate 4. The stern plate
includes, in the illustrated position, a downwardly extending

edge 105. Rotatable movements may be pérformed by guide bars 106

10 that slide within parallel inwardly extending grooves 107
disposed in the trimming foil. The movements of the trimming

foil are activated by hydraulic, electro-hydraulic or mechanical
driving mechanisms that are not shown. The movements are
transferred to the trimming foil 100 by bar members 108, 109.

i5 In the alternative, the movements may be activated directly by

bar members 108, 109 by an hydraulic piston/cylinder unit.
100

The trimming foilphas a length of 1 that substantially
corresponds to the width of the lower edge of the stexrn plate.

20 The foil is preferably split into two halves so that each half
is rotatably attached so that the foils may be submerged to a
desired depth in the relative water flow below the bottom of the

ship hull. The foils may be moved by drivable transferring

_ members and/or directly by the driving members. The movements
25 of each half of the trimming foil may therefore be controlled
together or independently to counter or reduce the pitching or
rolling movements of the ship hull. Fins 110, 111 are attached

to each side of the trimming foil 100. The fins extend mainly .
vertically along the length of the ship hull, at least from the

30 _  trimming foil and forward. The fins have a height that at least
corresponds to the height of the portion of the trimming foil

that is submerged when the trimming foil is submerged to a
maximum in the water flow. The length of the fins 110, 111 may

be adapted to the shape of the ship hull. However, the length

35 should- riot be shorter than -the height of the portion of the
trimming foil, that is submerged to a maximum, and is preferably
longer than this submerged portion. In the alternative, the fins

AMENDED  SHEgt




20 - .7. A nethod accor di ng to clains 1, 5 and 6 wherein -
(105[err], 105[err], 105[err]) is inserted into a conti nuouslmmmrﬁSHEET

depth (A) that corresponds to about 0-3% of the |Iength of theg

surface, preferably up to a maxi numof 2.7%of the length. 2§ 21§UN 14\97
support plane (1) for dynamc trimmng of the floating pgsi tion of
fast noving, planing or sem -planing ship hull, the shi{p "ot

i ncludi ng, during operation, a continuouslj subner.ged, rot at ably
attached and continuously adjustable wing (1), the wing 30 bel ng

adj ust abl e redef iz tnhﬁr b hittabhaavesethe eridd bE thepthishhing fo.uarmbd e

w ng havi ng Vo r 41D,

Wi ng/ support'@%l ane i ?? S’ gﬁéngﬁg%%%gﬁlé\n{;ﬁ 'érh%'! %Q- 3 Of the b‘ﬁw andg'l e gf
operation, . 1&513armlsc@mnéﬁgtﬂiq-b)3-so t hat the support plane -
generates a wave during the operation of the ship 35 that is adjusted to

e | orLy ond LRR0% Rhelleal Buddind 582 200 7 ROR0k B e LR shon

pl ane, the ew&hatothg nggfeoiloénis disposed at/\bhecsave(bevel as the bottom

PCT/ SE95/ 01333 of the ship hull or at least so that it doéf not extend below.

the botton. The function of the fin 110, which may have a.

suitable shape with regard to the above mentioned size condi-

10 tions, is described below in connection with Fig. 10. During

movements in the direction of the arrow F in Fig. 9, a load is

applied against the bottom of the ship hull when the water is

transected by the ship hull. Thus, this load is gradually

reduced toward to the stern of the ship hull. This is illustra-

15 ted as a scﬁematic in Fig. 9 by the arrows P that extend
vertically against the ship hull.

Fig. 10 shows the trimming foil 100 in a operational

position when the trimming foil has been lowered to a maximum so

20 that the edge 105 protrudes under the bottom 112 of the ship hull
at a depth_ A which may vary. depehding on the application. 1In

the lowered position, the trimming foil produces a surface 105'

that extends perpendicular to the direction of the relative water

flow so that the water flow is slowed down against the surface.

25 The fins 110, 111 therefore serve to prevent the water volume
that has been slowed down from escaping the outer end areas of

the trimming foil. In this way, the water volume that is caught

. is exposed to a compression or pressure increase. It may be
realized that the submerged trimming foil 100 provides an

30 _:i.ncreaéed drag during the operation of the ship hull. However,
it has been shown in models and full scale tests that this
increased drag is negligible and is outweighed by the overall
improved energy efficiency of the ship hull due to the advantage-

ous effects of the triming' foil. These tests have, however,

35 indicated that it is advantageous that the depth A, that is the
lowest depth of the edges 105 and surface 105' of the trimming

foil account for about 3% of the total length of the trimming

" |_AMENDED _sHEET |



i ncreased free hei

so that

| ength (b) of the

l kITﬂmﬂ of ‘'t'he wave is controll ¢d fby—tte—cor
Hﬁ"} - the widthjoff t S
control | ed by the H!H“jﬂl! the support plane, and é“?‘ W1997

din front of the sterrREPLACEIﬁENF

HEET

- the depth of the wave is ,control l.ed by the | oad (p) bf Lt-he.support
pl ane. 10 9. The use of a support glt ne, having a w ng shaped Cross
section, to generate a wave that is adjusted to the shape and terrage

of a fast g% REAHAY H sRflle AntR-Dg 1S§3bptﬁé”drdéf1%f a magiitlde of

engagi ng t he oottom of the stern portion of the ship hul
negat i ve ar?gq degnreSmye providing an increased free hei ght 15 d| stance
di sposed in front of the stern portion for dynamc trimm ng of the

floating pogitip %em%(gne ) leo clain} 1 %er-'e-li?x YHe ggf,gg,g.lt Elhﬂecké' m

9 wherein a s or
Bpor m#t%ﬁ% SULCimmARG RGBS Thabi e FAAPECRE| BERAA (G

the s

he stem portion, of ESIp,

oper at i onalofiRglee sHib tHial. support plane bei ng di nensi oned so that '
- the length of the wave generated is controlled by the cord length

(b),

10

15

20

25

30

35

- the width of the wave is controlled by the_span (a),

5. A method according to claim 1 wherein the support plane is
combined with a trimming foil (100,100',100'') that is disposed
behind the bottom .of the ship hull. SR

6. A method according to claims 1 and 5 wherein a surface
(105',105'',105'' ') is disposed immediately behind the bottom of
the ship hull and is perpendicular to the water flow (L) to
generate at least one main vortex (V) having an upwardly and
forwardly directéed velocity componei‘xt in front of the surface to
create a water volume having an increased pressure that is
pdsitioned in front of the surface at the bottom of the ship
hull. -

7. A method according to claims 1, 5 and 6 wherein the surface
(105°, 105'', 105''') is inserted into a continuously adjustable
depth (A) that corresponds to about 0-3% of the length of the
surface, preferably up to a maximum of 2.73% of the length.

8. A support plane (1) for dynamic trimming of the floating
position of a fast moving, planing or semi-planing ship hull, the

- ship hull including, during operation, a continuously submerged,

rotatably attached and continuously adjustable wing (1), the wing

_being adjustable relative the vertical movements of the ship hull

and the wing having a wing shaped cross section, comprising:

the wing/support plane (1) being dimensioned with regard to
the angle of operation, span (a) and coxrd length (b) so that the
support plane generates a wave during the operation of the ship
that is adjusted to the length and tonnage of the ship, the wave
engaging the stern portion of the ship hull at a negative angle
relative the horizontal lp'lane, the wave providing for an

| _AmenDED _sHeeT |




25‘ and * t

(p)

10 vherein a support plane 30

is use

N ) D T T i
- the depth of the wa@ @20(1&5&%% by RS
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