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according to the concept of such conventional surface-piercing type
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surface and constantly hit by waves while the boat cruises itself,
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| NVENTI ON Therefore, a primary object of the invention is to provide a
The present invention relates to a twin-hull boat which is

equipped with a plurality of hydrofoils and capable of cruising
itself afloat at a high speed.

BACKGROUND OF THE INVENTION

Today, any of conventional surface¥piercing type hydrofoil
boats is equipped with a plurality of hydrofoils submergibly
extended below the stem and the stern so that the boat can cruise
itself at a high speed by way of decreasing hull resistance via
proper function of hydrofoils for sustaining the hull lifted out
of the water. '

Nevertheless, according to the concept of such conventional
surface—-piercing type hydrofoil boat, since part of hydrofoils is
extended above the water surface and constantly hit by waves
while the boat cruises itself, so-called sea-worthiness remains
poor, and in addition, since the hull itself cannot properly be
stabilized against rolling effect generated by beam waves,
cruising comfort cannot fully be provided.

DISCLOSURE OF THE INVENTION

Therefore, a primary object of the invention is to provide a
novel twin-hull boat equipped with a plurality of hydrofoils,
which is capable of sustaining satisfactory sea-worthiness and
providing improved cruising comfort.

To aéhieve the object, the novel twin-hull boat according to
the invention is equipped with a plurality of hydrofoils below the
bottom plate corresponding to the stem and the stern of the hﬁll.

Structurally, a plurality of independently driven auxiliary



navel .t i*h-hul | boat equipped with a plurality of hydrofoils, which is
capabl e of sustaining satisfactory sea-worthiness and providing inproved
cruising confort. To achi eve the object, the novel tw n-hull boat according
to the invention is equipped with a plurality of hydrofoils bel ow the
bottom pl ate corresponding to the stemMand the stern of the hull
Structurally, a plurality of independently driven auxiliary -2- W ngs
are provided at both-end donmai ns of each hydrofoil. A height position
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detect rolling angle of the hull 1. A controller system is
provided in order to properly control operation of the auxiliary
wings based on stem-height-detect signals delivered from the stem
height position sensor and rolling-angle-detect signals from the
inertia sensors or the gyroscoﬁes so that the height position of
the stem against water surface and anti-rolling behavior of the
twin-hull boat can be sustained constant.

According to the structure embodied by the invention, based
on the stem-height-detect signals from the stem height position
sensor and the rolling-angle-detect signals from the inertia
sensor or the gyroscope, auxiliary wings provided for hydrofoils
are operated in order to properly control height of the stem at a
constant position. In consequence, the novel twin-hull boat can
cruise itself without causing the twin-hull to come out of the
water surface while the hydrofoils remain in submerged state. At
the same time, rolling behavior of the twin hull is minimized to
result in the stable cruising posture. Therefore, the hydrofoil
in the front position is free from attack of waves, thus
effectively preventing the front hydrofoil from incurring
excessive impact load of waves. In consequence, the novel twin-
hull hydrofoil boat can constantly cruise itself under stable
condition by way of minimizing rolling effect caused by beam
waves, thus securely promoting cruising comfort.

_ BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a lateral view of the novel twin-hull boat equipped
with a plurality of hydrofoils according to an embodiment of the
invention; '



t he stem agai nst water surface and anti-rolling behavior of the tw n-hul
boat can be sustained constant. According to the structure enbodi ed by the
i nvention, based on the stem hei ght-detect signals fromthe stem hei ght
position sensor and the rolling-angle-detect signals fromthe inertia
sensor or the gyroscope, auxiliary w f¥s provided for hydrofoils are
operated in order to properly control height of the stemat a constant
position. In consequence, the novel twi n-hull boat can cruise itself
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in Fig. 1; and

Figures 5 through 8 respectively designate detailed block
diagrams of the controller system for controlling ship motion of
the novel twin-hull boat equipped with hydrofoils according to the
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides a novel water-jetting twin-hull boat
equipped with a plurality of hydrofoils. As shown in Fig. 1, a
pair of leg members 2 and 2 extended in the fore-and-aft
direction are projectively secured to the bottom plate of the hull
1. A front hydrofoil 3 and a rear hydrofoil 4 are submergibly
secured to the bottom plate of the hull 1 between the leg members
2 and 2. In addition, as shown in Fig. 2, a pair of auxiliary
wings 5 and 5 and another pair of auxiliary wings 6 and 6 are
respectively secured to both sides of the bottom of the stem
portion and both sides of the bottom of the stern portion, which
are respectively driven independent of each other. As means for
driving the auxiliary wings 5/5 and 6/6, a pair of wing-control
oil-pressure cylinders 7 and 8 are respectively secured to the
bottom region of the leg members 2 and 2. By virtue of oepration
of the oil-pressure cylinders 7 and 8, those auxiliary wings 5/5
and 6/6 vertically slide themselves by way of pivoting on
corresponding rotary shafts (not shown). The 0il pressure
cylinders 7 and 8 are respectively driven by means of servo
amplifiers 9 shown in Fig. 3. The oil-pressure cylinders 7 and 8



i nvention; -3- Fig. 2 is a schematic diagramof a controller system
provi ded for the novel twin-hull boat with a plurality of hydrofoils; Fig.

3 is a detailed schematic bl ock diagramof the controller system provided
for the novel twin-hull boat shown in Fig. 1; Fig. 4 is a schematic diagram
of display inmages of an input/output r#terface unit provided for the

tw n-hull boat shown in Fig. 1; and Figures 5 through 8 respectively
designate detail ed bl ock diagranms of the controller systemfor controlling
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between th stem and water surface is secured to the stem of the

hull 1. The stem height position sensor 11 is based on ultrasonic

system, which initially computes actual height of the stem

against water surface by way of emitting signals containing scores

of KHz-order frequency onto water surface and then counts time

spent until receiving wave forms reflected by water surface.

Since wave forms reflected from water surface is not always

receivable because of fluctuating posture of the hull 1, the stem

height position sensor 11 incorporates such a function to store

the stem height positional data.

A global positioning system (GPS) 12 substantially being free
from external disturbance is provided on the top of the hull 1 in
order to identify actual positional (azimuthal) data of the
cruising boat 1. The GPS 12 is functionally a radio navigation
assisting system utilizing a plurality of satellites travelling
along orbital paths at high altitudes in space, which correctly
identifies actual position of the cruising boat 1 based on
distance and speed of variation of distance.

In addition, a first inertia sensor (or a gyroscope) 13A and
a second inertia sensor (or a gyroscope) 13B are also provided.
The former sensor 13A identifies actual rolling angle and speed
of variation of rélling angle present in the hull 1 based on
motion of the hull 1, whereas the latter sensor 13B identifies
actual pitching angle based on motion thereof. It should be
understood however that, since error may be generated by
acceleration while the boat is on the way of making a turn at a
high speed, the inertia sensors 13A and 13B may respectively need
to correct error of acceleration by way of extracting data
related to speed and bearing of the boat from signals generéted by
the global positioning system (GPS) 12.



direction are projectively secured to the bottomplate of the hull 1. A
front hydrofoil 3 and a rear hydrofoil ‘4 are subnergi bly secured to the
bottom plate of the hull 1 between the |leg nmenbers 2 and 2. In addition, as
shown in Fig. 2, a pair of auxiliary wwngs 5 and 5 and another pair of
auxiliary wings 6 and 6 are respectively secured to both sides of the
bottom of the stem portion and both sides of the bottomof the stern
portion, which are respectively driven independent of each other. As neans
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yl i nders and 8 -4- respectively incorporate a stroke sensor

(wi ng- angleterefgee )undt 15 incorporates a variety of motion control
functions including graphic display, data trend, input of
parameter, and data communication. Since the motion control
unit 14 is devoid of display unit, parameter input unit, and data
accumulation unit, as shown in Fig. 3, a pair of circuits 16 and
16 are provided between the motion control unit 14 and the
input/output interface unit 15. A communication input/output
unit 17 is provided for the circuits 16. By operating a keyboard
18 provided for the input/output interface unit 15, data needed
for controlling control-gain parameter and digital filter cut-off
frequency are output from the input/output interface unit 15 to
the motion control unit 14 via the first circuit 15. On the
other hand, data related to hull posture such as height of the
stem from water surface, rolling angle, speed of variation of
rolling angle, actual angle of the auxiliary wings 5/5 and 6/6,
and actual control mode, are output from the motion control unit
14 to the input/output interface unit 15 via the second circuit
16. A cathode ray tube (CRT) 19 connected to the input/output
interface unit 15 displays processed data and determines trend of
respective data. 'Fig. 4 illustrates a typical example of image
data displayed on the CRT screen 19. The reference numerals 31
through 37 respectively designate content of display
corresponding to meters. The reference numerals 38 through 44
respectively designate content of display corresponding to
display lamps. Positional data of the hull 1 identified by the
global positioning system 12 is transmitted to the input/output
interface unit 15, which then computes the actual cruising speed
and the actual bearing of the hull 1, and then transmits the
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sensor (Or a gyroscope)

controls rolling and pitching behaviors of the hull 1. The motion
control unit 14 consists of a general-purpose board computer. As
shown in Fig. 3, the motion control unit 14 is integrated with a
console unit 24 incorporating a stem height/cruising speed
control switch 21, a rolling/pitching control switch 22, and a
stem-height setting unit 23 for manually setting height of the
stem against water surface. The stem height/cruising speed
control switch 21 incorporates 4 modes of control positions
including cruising-speed control position, stem-height stabilizing
position, neutral position, and maual control position. The
rolling/pitching control switch 22 incorporates 3 mode control
positions including rolling control position, neutral position,
and rolling/pitching control position. When either the former
switch 21 or the latter switch 22 activates automatic control mode
for controlling cruising speed, stabilizing height of the stem
from water surface, and controlling rolling and pitching behavior
of the hull 1, in accordance with data processing operation of the
motion control unit 14, the auxiliary wings 5/5 and 6/6 are
independently controlled. When the manual control mode is
entered, a stem-height setting signal generated by the stem-height
setting unit 23 is directly transmitted to the servo amplifiers 9
So that only the front auxiliary wings 5/5 can be operated.

Control positions of those control-mode-setting switches 21 and 22
may be used by way of combihing Wwith each other. Actual control
mode selected by the former switch 21 or the latter switch 22 is
displayed on the CRT screen 19. When the auxiliary wings 5/5 and
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a.second inertia sensor (or a gyroscope) 13B are al so provided. The forner
sensor 13A identifies actual rolling angle and speed of variation of
rolling angle present in the hull 1 based on notion of the hull 1, whereas
the latter sensor 13B identifies actugy_pitching angl e based on notion
thereof. It should be understood however that, since error may be generated
by accel eration while the boat is on the way of making a turn at a high
speed, the inertia sensors 13A and 13B may respectively need to correct
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respectively transmitted to the motion control unit 14.
Simultaneously, the motion control unit 14 also receives detect
signal from the wihg angle sensor 10 and processed data related
to the cruising speed and the actual bearing of the boat from the
input/output interface unit 15. At the same time, the motion
control unit 14 also receives signals for operating the switches
21 and 22 and the stem-height setting unit 23 accommodated in the'
console unit 24. After computing control program (to be described
later on), the motion control unit 14 outputs drive signals
corresponding to angle of elevation of the auxiliary wings 5/5
and 6/6 for delivery to the servo amplifiers 9 in order to operate
the auxiliary wings 5/5 and 6/6 so that cruising operation of the
boat 1 can properly be maintained.
~ Next, control operation for stabilizing height position of
the stem against water surface at a constant level and controlling
cruising speed as well as rolling and pitching behaviors of the
hull 1 executed by the motion control unit 14 is described below.
When the stem-height/cruising-speed control switch 21 selects
the stem-height stabilizing position, operation for stabilizing
the height of the stem is executed by way of driving the
auxiliary wings 5/5 on both sides of the front hydrofoil 3 while
sustaining identical angle between both sides in order that a
specific target value of the stem height predetermined via
oepration of the keyboard 18 of the input/output interface unit 15
can correctly match the input height data received from the stem-
height sensor 11.
When the rolling/pitching control switch 22 selects the
rolling control position, data on the rolling angle of the hull 1



functions including graphic display, data trend, input of paranmeter, and
data communi cation. Since the notion control unit 14 is devoid of display
unit, paranmeter input unit, and data accurulation unit, as shown in Fig. 3,
a pair of circuits 16 and 16 are provhgpd bet ween the notion control unit
14 and the input/output interface unit 15. A conmunication input/output

unit 17 is provided for the circuits 16. By operating a keyboard 18
provided for the input/output interface unit 15, data needed for
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angle target valuegpredetergined byythe kg&board 18 of the Pray
input/output interface unit 15 can exactly match the corrected
rolling angle. As a result of execution of the above bperation
for controlling rolling effect, unwanted rolling behavior of the
hull 1 is effectively suppressed by providing the hull 1 with
specific moment inverse from own rolling behavior of the hull 1.

On the other hand, when the rolling/pitching control switch
22 selects the rolling/pitching control position, data on the
piteching angle of the hull 1 picked up by the second inertia
sensor 13B is corrected by applying data related to the cruising
speed and the bearing of the hull 1 delivered from the
input/output interface unit 15. At the same time, operation for
controlling pitching behavior of the hull 1 is executed by
driving the front auxiliary wings 5/5 at an identiacal angle at
both sides and also by driving the rear auxiliary wings 6/6 in the
inverse direction by an identical angle at both sides in order
that a pitching-angle target value predetermined by the keyboard
18 of the input/oufput interface unit 15 can exactly match the
corrected pitching angle. As a result of execution of the above
operation for controlling pitching effect, unwanted pitching
behavior of the hull 1 is effectively suppressed by providing the
hull 1 with specific moment inverse from own pitching behavior of
the hull 1.

When the above switches 21 and 22 conjunctionally select the
neutral control position, all the auxiliary wings 5/5 and 6/6 on
both sides of the front and rear hydrofoils 3 and 4 are locked at



corresponding to neters. The reference nunerals 38 through 44 respectively
desi gnate content of display corresponding to display |anps. Positional
data of the hull 1 identified by the gl obal positioning system12 is
transmtted to the input/output interface unit 15, which then conputes the
actual cruising speed and the actual Bbearing of the hull 1, and then
transmts the -6- conputed data to the notion control unit 14.
Incidentally, by way of independently driving the auxiliary wi ngs 5/5 and
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for auxiliary wings 5/5 respectively being set to the left and to

the right of the front bottom of the hull 1 in order that the

front auxiliary wings 5 and 5 can be driven simultaneously.

Figures 5 through 8 schematically designate block diagrams of
the motion controller 14 for controlling operations of the
auxiliary wings 5/5 and 6/6 provided for the front and rear
hydrofoils 3 and 4.

As shown in Figures 7 and 8, the motion controller 14
executes control programs based on PID control system. When
controlling height of the stem to be constant against water
surface, in order to improve stationary characteristic by way of
minimizing deviation from the target value, PI control is
executed. When controlling rolling behavior of the hull 1, in
order to quickly restore normal posture (in terms of transitional
characteristic) of the hull 1 whenever rolling takes place, PD
control is executed. When controlling pitching behavior of the
hull 1, in order to quickly restore normal posture (in terms of
transitional characteristic) of the hull 1 whenever pitching
takes place, PID control is executed. Integral component (I) is
instrumental to iﬁprove the stational characteristic, whereas
differential component (D) is instrumental to improve
transitional characteristic. When controlling cruising speed, in
order to prevent the hull 1 from floating lifting above the water
surface due to accelerated cruising speed, PI control is executed
by way of generating a specific value for instructing operative
angle of the front auxiliary wings 5/5 corresponding to actual
cruising speed. The motion controller 14 receives signals from

the height sensor 11 and the inertia sensors 13A and 13B via a



contrel switch 21, a rolling/pitching control swtch 22, and a stem hei ght
setting unit 23 for manually setting height of the stem agai nst water
surface. The stem hei ght/cruising speed control switch 21 incorporates 4
nodes of control positions including cruising-speed control position,
stem hei ght stabilizing position, neuwtpal position, and maual control
position. The rolling/pitching control switch 22 incorporates 3 nobde
control positions including rolling control position, neutral position, and
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control mode, or pitching control mode, is selected for operating

the auxiliary wings 5/5 of the front hydrofoil 3. It is also

possible to lock the auxiliary wings 5/5 to the neutral position

(i.e., the initially set angle of elevation) or directly drive

them by applying the stem-height setting signal generated by the

stem-height setting unit 23. _

As shown in Fig. 6, according to control positions of the
control-mode sétting switches 21 and 22, either the rolling
control mode or the pitching control mode is selected for
operating the auxiliary wings 6/6 of the rear hydrofoils 4. It
is also possible to lock the auxiliary wings 6/6 to the neutral
position (i.e., the initially set angle of elevation).

When the control position for stabilizing height of the stem
and the rolling control position are discretely selected by the
stem height/speed control switch 21 and the other rolling/pitching
control switch 22, the stem-height stabilizing control mode and
the rolling control mode are complexly applied to the auxiliary
wings 5/5 of the front hydrofoil 3, whereas the rolling control
mode is applied to the auxiliary wings 6/6 of the rear hydrofoil
4. Therefore, the stem-height stabilizing control mode and the
rolling control mode are simultaneously activated. According to
the stem height stabilizing control mode, the auxiliary wings 5/5
on both sides of the front hydrofoil 3 are respectively driven at
an identical operative angle so that the objective height value
can be achieved. In consequence, posture of the hull 1 is
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and rear hydrofoils 3 and 4 are respectively driven at an

identical operative angle, whereas the right-side auxiliary wings
5 and 6 of the front and rear hydrofoils 3 and 4 are respectively
driven at an identical operative angle in the inverse direction,
thus making it possible to properly control rolling angle to
result in the minimized motion of the hull 1.

On the other hand,'when the speed control position and the
rolling control position are discretely selected by the stem-
height/speed control switch 21 and the rolling/pitching control
switch 22, the speed control mode and the rolling control mode
are complexly applied to the auxiliary wings 5/5 of the front
hydrofoil 3, whereas the rolling control mode is applied to the
auxiliary wings 6/6 of the rear hydrofoil 4. Therefore, the speed
control mode and the rolling control mode are simultaneously
activated. According to the speed control mode, the auxiliary
wings 5/5 on both sides of the front hydrofoil 3 are respectively
driven at an identical operative angle in corfespondence with
actual cruising speed, thus preventing the front hydrofoil 3 from
incurring excessive impact load generated by own skipping
behavior. According to the rolling control mode, in order to
achieve objective value of rolling angle, the left-side auxiliary
wings 5 and 6 of the front and rear hydrofoils 3 and 4 are
respectively driven at an identical operative angle, whereas the
right-side auxiliary wings 5 and 6 of the front and rear
hydrofoils 3 and 4 are respectively driven at an identical
operative angle in the inverse direction, thus making it possible
to properly control rolling angle to result in the minimized
motion of "the hull 1. '



the auxiliary wings 5/5 and 6/6 so that cruising operation of the boat 1
can properly be nmaintained. Next, control operation for stabilizing height
position of the stem agai nst water surface at a constant |evel and
controlling cruising speed as well as rolling and pitching behaviors of the
hul | 1 executed by the notion control wunit 14 is described bel ow. Wen the
st em hei ght/crui si ng-speed control switch 21 selects the stem hei ght
stabilizing position, operation for stabilizing the height of the stemis

executed by vay, HnelbEienhahlie e ch" delirldSc AR ANpEA T o8 ep o t Ne
front hydrofoil 3 while sustaining identical angle between both sides in
order thatrodlipedpitichingreentnedl pesbfiarherst @isanetghy selegéedrby fde¢ vi a

oepration ' he . 1 he,.i: t /-Qu t . Qt i .5 _can
correctly ér}r’je?t&c E‘%tlﬁg}é.p%g%?d hg?rg%rt.cgldgstdal%cezﬁvégﬁf lrcggn fﬁ%@%@%&%ﬁ sensor
11. Wen tdomtrolll sWgLpht 2R ngheomYloingswiondiro22medbegnd thee pididhiimg contr ol
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the front hydrofoil 3 and the auxiliary wings 6/6 of the rear
hydrofoil 4. According to the rolling control mode, in order to
achieve objective value of rolling angle, the left-side auxiliary
wings 5 and 6 of the front and rear hydrofoils 3 and U are
respectively driven at an identical operative angle, whereas the
right-side auxiliary wings 5 and 6 of the front and rear
hydrofoils 3 and U4 are respectively driven at an identical
operative speed in the inverse direction, thus making it possible
to properly control rolling angle to result in the minimized
motion of the hull 1. According to the pitching control mode, in
order to achieve objective value of pitching angle, the auxiliary
wings 5/5 on both sides of the front hydrofoil 3 are respectively
driven at an identical operative angle, whereas the auxiliary
wings 6/6 on both sides of the rear hydrofoil I are respectively |
driven at an identical opérative angle in the inverse direction,
thus making it possible to properly control pitching angle to
result in the minimized motion of the hull 1.

On the other hand, when the control position for stabilizing
height of the stem and the rolling/pitching control position are
discretely selectéﬁ by the stem-height/speed control switch 21
and the rolling/pitching control switch 22, the stem-height
stabilizing control mode and the rolling/pitching control mode are

- complexly applied to the auxiliary wings 5/5 on both sides of the
front hydrofoil 3, whereas the auxiliary wings 6/6 on both sides
of the rear hydrofoil Y4 are respectively driven at an identical
operative angle in the inverse direction, thus making it possible
to properly control pitching angle to result in the minimized
motion of the hull 1.



related to the cruising speed and the bearing of the hull 1 delivered from
the input/output interface 15. At the sane tinme, operation for controlling
rolling behavior -of the hull 1 is executed by driving all the auxiliary
wings 5/5 and 6/6 on both sides of the front and rear hydrofoils in the
inverse direction fromthe left to the yright or vice versa in order that a
rolling- angle target val ue predetermtéd by the keyboard 18 of the

i nput/output interface unit 15 can exactly match the corrected rolling

angle. As a regyltheobraeHahi 9N the @hRy8] R idlibANtdroktanNt iAhki ng
rolling effect, unwanted rolllng behavior of the hull 1 is effectively
suppr essedeBghprfitdiengtemeansulthe rofiiinedpibslting penerfl PRSEFER Br6mM own
rolling b ' | W YA kggg% ;
rolling/ pﬁl?ﬁrﬁéeg%n%%&s@ﬁ P%ht% iéeéﬁle?tegg%e r o(ﬂ }Mgg%%)?sﬂflntgmcgglt r ol
posi ti on, adél &hen rodd ipigyshitahiaagrentrol hawhieh ZBﬁﬂé%&ﬂﬁﬁﬁﬂ-@Fighé second
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wi ngs 6/ 6 pircchli@g control mode are complexly applied to the auxiliary
' wings 6/6 on both sides of the rear hydrofoil 4. As a result, the
stem-height stabilizing control mode and the pitching control

mode are simultaheously activated. According to the stem-height
stabilizing control mode, in order to achieve objective value of

the height of the stem against water surface, the auxiliary wings

5/5 on both sides of the front hydrofoil 3 are respectively

driven at an identical operative angle, thus making it possible

to properly stabilize posture of the hull 1 by way of sustaining

the height of the stem constant and prevent the front hydrofoil 3

from incurring excessive impact load generated by own skipping
behavior According to the rolling'control modé, in order to

achieve objective value of rolling angle, the left-side auxiliary

wings 5 and 6 of the front and rear hydrofoils 3 and U4 are
respectively ‘driven at an identical operative angle, whereas the
right-side auxiliary wings 5 and 6 of the front and rear
hydrofoils 3 and U4 are respectively driven at an identical
operative angle ih.the inverse direction, thus making it possible

to properly control rolling ahgle to result in the minimized

motion of the hull 1. According to the pitching control mode, in

order to achieve objective alue of pitching angle, the auxiliary

wings 5/5 on both sides of the front hydrofoil 3 are respectively

driven at an identical operaive angle, whereas the auxiliary

wings 6/6 on both sides of the rear hydrofoil 4 are respectively

driven at an identical operative angle in the inverse direction,

thus making it possible to properly control pitching angle to



I nyerse direction by an identical angle at both sides in order that a

pi tchi ng-angl e target val ue predeterm ned by the keyboard 18 of the

i nput/output interface unit 15 can exactly match the corrected pitching
angle. As a result of execution of the above operation for controlling
pi tching effect, unwanted pitching behavior of ‘the hull 1 is effectively
suppressed by providing the hull 1 with specific nonment inverse from own
pi t chi ng behavior of the hull 1. Wen the above switches 21 and 22

conj uncti ey : s neubral - cant ol ifion, all the auxiliary
W ngs 5/59§%gi%}§e%ﬁ§g%bEﬁg#ﬁ%@5g¥x%ﬁg ?ﬁ%RPQEH% rear hydrofoils 3 and 4
are | ocked at As i®-explsipddi fliromabykeabdvel desertintiioni,t bal Vyrpuevefied f or

stem he! ghtrepalateBBt @ nb IO PECEnd Ntem ORRAYS, BUGKPLSSBELET,
hei ght - se(tomgrcli gparasion belaiesstemprievieghios ettt ithg submerFed Srdntect |y
ransm 0 B ard{IE SERUR B0RLAG " of BRQ Vilet [aeBl) ] 1A W84 ™/ ®
pitching of the hull 1, the twin-hull boat according to the
invention can securely cruise itself by way of sustaining the
front hydrofoil 3 as of the submerged condition without causing
the hull 1 to be wholly lifted up from the water surface. In
consequence, the front hydrofoil 3 remains free from being hit by
waves, thus saving the front hydrofoil 3 from incurring excessive
impact load of waves. By virtue of the above structural and
operative arrangements, the twin-hull boat according to the
invention can comfortably cruise itself under highly stabilized
condition, thus promoting sea-worthiness. In particular, since
the twin-hull boat according to the invention securely minimizes
own rolling and pitching behaviors, this results in sharply
promoted cruising comfort.

Incidentally, any conventional magnetic compass equipped in a
conventional ship is susceptible to magnetism generated therein
to cause error to easily be generated. To overcome this problem,
in place of the conventional magnetic compass, the twin-hull boat
embodied by the invention is equipped with a global positioning
system 12 for precisely identifying the actual position of the
hull itself, thus'fully eliminating erroneous identification of
the bearing caused by magnetism. Furthermore, the control system
of the inventive twin-hull boat can securely correct angles of
rolling and pitching and speed of the variation of rolling
detected by the first and second inertia sensors 13A and 13B. In
consequence, the novel control system provided for the inventive
twin-hull boat can more precisely control rolling/pitching
behaviors of the hull 1 by way of minimizing the rolling/pitching
effect, thus resulting in the sharply improved cruising comfort.



the right of the front bottomof the hull 1 in order that the front
auxiliary wings 5 and 5 can be driven sinultaneously. Figures 5 through 8
schematical |y designate bl ock diagrans of the notion controller 14 for
controlling operations of the auxiliary wings 5/5 and 6/ 6 provided for the
front and rear hydrofoils 3 and 4. As-siown in Figures 7 and 8, the notion
controller 14 executes control prograns based on PID control system When
controlling height of the stemto be constant against water surface, in

order to iyfpr .abi ymghlagac LSt N T deyi ati on
fromthe %Qa gﬁel%ie\?gﬁg, ‘EE?ECg% r-g? ?gf‘%%%gt Q%.W%ﬁéégﬁr\t?%}’|?gg°r§ i ng
behavi or éntroducedkl 1, in order to quickly restore normal posture (in
ternms of transgti r | St £) 0f, t hyl |, 1 | Ling takes
pl ace, PD cont ngeﬁgk@g%ﬂ?ﬁ%ﬁémﬂn&&n & ﬁlné%‘itt 8&?%8%@%3?0{?}% t he
hul | 1, idngedéionoiguequigpedsiitle thorkmlsubasingidlei froetnmendf rear

transitio racterj stij c t eye it chi pl ace,

Pl D cont rggb]lﬂ(?}gi%gcgt érl(xﬁ 4’n%%§%%l%5%é#%%t%ﬁ? ?(Siqeﬁg‘%-ﬁéﬁngﬁqngﬁléﬁﬁg i nprove

the stati analbyehavast er Irstadditidrer edacdi tietmlli &l camistseof g Bwins

st ;?Enbgééggt#ﬂgéuorvee, "M Rh ) 0P e A ATRRE LS bR AL SN LRGN
extremely stabilized condition.



order.to prevent the hull 1 fromfloating lifting above the water surface
‘due to accelerated cruising speed, Pl control is executed by way of"

generating a specific value for instructing operative a
auxiliary wings 5/5 corresponding to actual cruising spgg"mﬁw,m gﬂ Tu,
controller 14 receives signals fromthgs-hei ght sensor 11 ‘and t

sensors 13A and 13B via a -10- plurality of lowpass filters 25 and

further through a digital lowpass filter 26 after fully filtering out

noi se conponent fromincom ng & S ‘ﬁyﬁmo ¢. frequency. can be
acconmodated in the d'%uua Dlovgﬁggg ?L te 26 by operating the keyboard 18
TP

provi ded for %-heAi Epin eaf rﬂqellipn%fé Wirfiht 3151"01’}4?3 gABPiiln 3FREd &,
accordl ng, éa&h%%f{)% 1%%%161{‘%&8%6%&8?‘% rioﬁie o'?rffafrrlé Sswitches 21 and

ei t her | TZing con of spted control node,
or “rolli ng cora muI'arbriar ofr 1M¢p:emdngtbmrﬁrnorlenn@wel,luasysmr@a &d>5f amd
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front and rear hydrofoils 3 and 4; _

a height sensor 11 secured to the stem of said hull 1 in
order to measure height from said stem to water surface;

an inertia sensor or a gyroscope 13A for detecting rolling
angle of said hull 1 based on tﬁe center of motion of said hull 13
and '

a controller unit 14 for controlling height of said stem to
be constant and rolling behavior of said hull 1 by way of driving
said auxiliary wings 5/5 and 6/6 based on a stem-height-detect
signal from said height sensor 11 and a rolling-angle-detect
signal from said inertia sensor or gyroscope 13A.

2. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 below the bottom of a hull 1 comprising;

a plurality of independently driven auxiliary wings 5/5 and
6/6 respectively being secured to left and right sides of said
front and rear hydrofoils 3 and U4;

a pair of inertia sensors or gyroscopes 134 and 13B for
detecting rolling angle and pitching angle of said hull 1 based
on the center of motion thereof; and

a controller unit 14 for controlling rolling and pitching of
said hull 1 by driving said auxiliary wings 5/5 and 6/6 based on
rolling/pitching-angle-detect signals from said inertia sensors
or gyroscopes 13A and13B.

3. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 below the bottom of a hull 1 comprising;

a plurality of independently driven auxiliary wings 5/5 and
6/6 respectively being secured to left and right ends of said
front and rear hydrofoils 3 and 4;
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(i.e., the initially set angle of elevation) or directly drive themby ~

AT BT 8 S8 O AR o

control -node setting switches 21 and 22, either the roll%ng céentyols node or

the pitching control node is sel ected.jfjar operating the auxiliary wi ngs 6/6
of the rear hydrofoils 4. It is also possible to |ock the auxiliary w ngs
6/6 to the neutral position (i.e., the initially set angle of elevation).

When the contrglhengit isehsber 15t séddiad re habobtedfof hRist amand the |
rolling control position are discretely selected by the stem hei ght/speed
control s®FEeh t91mgaRPnenBeghe Pl (RLdi BEPMIfren| vaFroftriACes W t ch 22, the

stem hei ght stgbgiigi SERYiQl ngpt |30 16ankLKal 18RdeoAr e
conpl exly agpl?e% %% ?%e au;?%ig?ggéfﬁggp5?§p%§&#%e g?gnt hyd?gfo?l 3,

wher eas t Heteghingngotbing and npidehiag aialesdof saidehabixill Pasgd Wirn§Be 6/ 6 of
;23 [ﬁgrrgFﬁFén}f el o§ci]}ﬁ@%ﬁ§ﬁ°&ie’saﬁaen tlerp; hgight st fabi i zi ng cont rol node
g control node are sinultaneously activated. According to the
st em hei ght stalsddntzrohler amtitol 4 rinte conbeo Huxigl haightwioffigsa bl Btem bot h si des
i1 L ONERIE S L PSR Kbt U A nalh | P9 el anper a1 ve
said auxiliary wings 5/5 and 6/6 based on stem-height-detect
signal from said height sensor 11 and rolling/pitching-angle-
‘detect signal from said inertia sensors or gyroscopes 13A and 13B.
4. The twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil I as set forth in any of Claims. 1 through 3
further comprising; '
a bearing measuring unit 12 for measuring actual bearing of
said hull 1; and
a computing unit 15 for measuring actual speed and bearing of
said hull 1 based on hull positional data detected by said
bearing measuring unit 12;
Wherein, besed on data related to actual speed and bearing of
said hull 1 computed by said computing unit 14, said controller
unit 14 corrects rolling angle of said hull 1 detected by said
inertia sensor or gyroscope 13A and/or corrects pitching angle of
said hull 1 detected by said inertia sensor or gyroscope 13B.
5. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil U bélow the bottom of a hull 1 comprising;
a plurality of independently driven auxiliary wings 5/5 and
6/6 respectively being secured to left and right ends of said
front and rear hydrofoils 3 and Ui;
a bearing measuring unit 12 for measuring actual bearing of
said hull 1;
a speed measuring unit 15 for measuring actual cruising speed
of said hull 1 based on hull positional data detected by said
bearing measuring unit 12;
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can be achieved. In consequence, posture of the huII 1 is  stabilized by

Way of sustaining height of the stem constant, thus iﬂlﬂﬂﬂﬂu)muuma m,o
hydrofoil 3 fromincurring excessive inmpact |oad gen ppi ng
behavi or. According to the rolling control node, in ordef to athi%evée the
objective value of rolling angle, the-igft-side auxiliary wings 5 and 6 of

the front and rear hydrofoils 3 and 4 are respectively driven at an
i dentical operative angle, whereas the right-side auxiliary wings 5 and 6

of the front agg fﬁéﬁtlaygé&§d¥|o% 8 éﬁ%bs%o%%elBESQﬁCHbESéVuﬁi&¥EQ1ﬁé an
I dentical operative angle in the inverse direction, thus making _it possible

to proper PPt ML 8R14 dULing hassAeon Fheeaenter Af twbipn ofvisRéd Wb dh of t he
hull 1. Ogpyhe other hand, when the speed control position and the rolling
control position are dlscretely sel ected by the stem hel%ht/speed control
switch 21 and & mnﬁn@llaﬁgupm dii Weictonbased oni behl-Zpeedtdetepleiiauaht r ol

oo o Tt 14 BBebO Bl ISt AL L AR RSl SRR 0

appl i ed t dromesaid inertla sensor or gyroscope 13A, drives said auxiliary
wings 5/5 and 6/6 in order to prevent said front hydrofoil 3 from
skipping over water surface and control rolling of said hull 1.

6. The twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 as set forth in Claim 5, wherein said speed
measuring unit 15 computes actual cruising speed and bearing of
said hull 1 based on hull positional data detected by said bearing
measuring unit 12, and wherein said controller 14 corrects
rolling angle of said hull 1 detected by said inertia sensor or
gyroscope 13A based on date related to actual cruising speed and
bearing of said hull 1 computed by said computing unit 15.

7. The twin-hull boat equipped with a plurality of hydrofoils
as set forth in Claim 4 or 5, wherein said bearing measuring unit
12 comprises a global positioning system.
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auxid+ary w ngs 6/6 of the rear hydrofoil 4. Therefore, the speed control
node and the rolling control node are sinmultaneously activated. According
to the speed control node, the auxiliary wings 5/5 on both sides of the
front hydrofoil 3 are respectively driven at an identical operative angle
in correspondence with actual cruising speed, thus preventing the front
hydrofoil 3 fromincurring excessive inpact | oad generated by own ski ppi ng
behavi or. According to the rolling coht/8l npde, in order to achieve
objective value of rolling angle, the left-side auxiliary wings 5 and 6 of
the front and rear hydrofoils 3 and 4 are respectively driven at an

i dentical operative angle, whereas the right-side auxiliary wwngs 5 and 6
of the front and rear hydrofoils 3 and 4 are respectively driven at an

i dentical operative angle in the inverse direction, thus nmaking it possible
to properly control rolling angle to result in the mnimzed notion of the
hul | 1. -12- On the other hand, when the neutral control position and
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rolling/fpitching control position are discretely selected by the
"stem hei ght/ speed control switch 21 and the rolling/pitching control switch
22, the rolling control node and the pitching control node are conpl exly
applied to the auxiliary wings 5/ 5 of the front hydrofoil 3 and the
auxiliary wings 6/6 of the rear hydrofoil 4. According to the rolling
control node, in order to achieve objective value of rolling angle, the
|l eft-side auxiliary wings 5 and 6 of the front and rear hydrofoils 3 and 4
are respectively driven at an identical/ 8perative angle, whereas the
right-side auxiliary wings 5 and 6 of the front and rear hydrofoils 3 and 4
are respectively driven at an identical operative speed in the inverse
direction, thus naking it possible to properly control rolling angle to
result in the mnimzed notion of the hull 1. According to the pitching
control node, in order to achi eve objective value of pitching angle, the
auxiliary wings 5/5 on both sides of the front hydrofoil 3 are respectively
driven at an identical operative an whereas the auxiliary wings 6/6 on
both sides of the rear hydrofoil 4 /are’wyespectively driven at an igentical
operative angle in the inverse direction, thus making it cpossible Ho
properly control pitching angle to reselt}iin Lhe nininizgd notion ef the
hul I 1. ey, - :
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On the ot her .hand, when the control position for stabilizing height of the
stemand the rolling/pitching control position are discretely selected by
the stem hei ght/speed control switch 21 and the rolling/pitching control
switch 22, the stemheight stabilizing control node and the
rolling/pitching control node are conplexly applied to the auxiliary w ngs
5/5 on both sides of the front hydrofoBl/ 8, whereas the auxiliary wi ngs 6/6
on both sides of the rear hydrofoil 4 are respectively driven at an
i dentical operative angle in the inverge direction, thus making it possible
to properly control pitching angle to ekﬁ}§:3n the mnimzed notion of the
hul | 1. -13- On the other hand, when the control position for
stabilizing height of the stemand the rolling/pitching control position
are discretely selected by the stem height/speed control switch 21 and the
rol | i ng/ pi t chi-Rg—eont+ol—switch 22 the stem height stabilizing control
node and thejrodng/pitching control node are conplexly applied o e
auxiliary wimgg 5/5 on both sides of the 9
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front hydrofoil 3, whereas the rolling control node and the pitching
control node are conplexly applied to the auxiliary wings 6/6 on both sides
of the rear hydrofoil 4. As a result, the stemheight stabilizing control
node and the pitching control node are sinultaneously activated. According
to the stemheight stabilizing control node, in order to achi eve objective
val ue of . the height of the stem agai nsy nater surface, the auxiliary w ngs
5/5 on both sides of the fronf hydrofoil 3 are respectively driven at an

i dentical operative angle, thus nmaking it possible to properly stabilize
posture of the hull 1 by way of sustaining the height of the stem constant
and prevent the front hydrofoil 3 fron1incurring excessi ve inpact | oad
generated by own ski ppi nhg behavi or Acc ng to the rolling control nobde,
in order to achi eve objective val ue ofﬁ# angle the left-side
auxiliary wings 5 and 6 of the front and rear hydrofoils 3 and 4 are
respectively driven at an identical operative angle, whereas the right-side
auxiliary wings 5 and 6 of the front and rear hydrofoils 3 and 4 are
respectively driven at an idgntical operative aggle in the inverse
direction, thus making it fossible to properly, ntrol rolling a QBe to
result in the mni etrRytion of the h 1. JAccording to the
control node, in
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order to achi eve objective alue of pitching angle, the auxiliary wings 5/5
on both sides of the front hydrofoil 3 are respectively driven at an

i dentical operaive angle, whereas the ﬁyxéliary Wi ngs 6/6 on both sides of
the rear hydrofoil 4 are respectively iVen at an identical operative
angle in the inverse direction, thus nmaking it possible to properly control
pitching angle to -14- result in the mnimzed notion of the hull 1. As

is explicit fromthe above description,e virtue of properly controlling
hei ght of the stem constantZ cNuising shg déicontrol operation relates to
prevention of the subngt 21 r At hydrqu fromcom ng out of the water
surface), rolling aﬁﬁ\{iE:hl1g*tT‘TTﬁ?im%f-ﬂ:—fh@—%mkﬁ—hﬁkL—boaL—according
to the invention can sqchl el j5/@ui se &8I f by way of sustaining fhe front
hydrofoil 3 as of ¥he qubfrer g condi figery wi t hout causing the hul] 1 to be
whol ly lifted up £ e hekea e isuf-ate.t consequence, the frong
hydrofoil 3 renai free|fromibgimg Egpy waves, thu%nsaving t he} front
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 oad of waves.
t he tw n- hul

I npact
arrangenent s,
crui se itself under
sea-worthiness. In particular,

conventi onal

By virtue of the above structural
boat according to the invention can confortably
hi ghly stabilized condition,
since the tw n-hul
invention securely mnimzes ow rolling and pitchi ng behavi ors,
results in sharply pronoted cruising éoﬁﬁ

magneti c conpass equi pped in a conventiona

and operative

t hus pronoting

boat according to the
this

I ncidental Iy, any

ship is

ort.

susceptible to magneti sm generated therein to cause error to easily be

generated. To overcone this
conpass, the twi n-hull boalsk

gl obal positioning system B| f

of the hull itself, thus ful
beari ng caused by nagnetism
i nventive tw n-hul
pitching and speed of the vari
second inertia sensors 13A &

boat can} s

q;'sely identifying the actual
imdti ng erroneous identification of the
or e,

in place of the conventional magnetic
y the invention is equipped with a
position

the control system of the
correct angles of rolling and
frroPling detected by the first and
nN consequence, the novel control

system provided for the invent ws - hul | boat can nore precisely control
rol | ing/pitching behaviors of uhll 1 by way of minimzing the
rol 1'i ng/ pitching H b
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effect, thus resulting in the sharply inproved cruising confort. Any
material that may be affected by nagneti sm may al so be introduced.
Furthernore, since the twin-hull boat according to the invention is

equi pped with fully subnergible front and rear hydrofoils 3 and 4, these
hydrofoils 3 and 4 are free frombeing hit by waves. In addition. since the
‘hul'l 1 consists of a twin- hull structure, the hull 1 can constantly cruise
itself under extrenely stabilized cond@tign. 16 WHAT IS CLAIMED IS 1. A
tw n-hull boat equi pped with a front hyérofoil 3 and a rear hydrofoil 4
bel ow the bottomof a hull 1, the bottom of which is under the water
surface while the boat is gagigating at a cruising speeqi conpri si ng;
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a plurality of independently driven auxiliary wings 5/5 and 6/6
respectively being secured to left and right ends of said front and rear
hydrofoils 3 and 4; a height sensor 11 secured to the stemof said hull 1
in order to neasure height fromsaid stemto water surface; an inertia
sensor or a gyroscope 13A for detecting f@8lling angle of said hull 1 based
on the center of notion of said hull 1; and a controller unit 14 for
controlling height of sai d st em te be constant and jgolling behavior of said
hull 1 by way of driving shi daauxi o Fafyowi ngs 5/ angs 6/ 6 cbaﬁeﬂ on a

stem hei ght - det ect si gnal Frofh saij ct;hcglght sensog Zlol.-.and & Ha
6t *or gyt ogcope 13A. 2. A

rol Iing-angl e-detect sighal Lom gahdnl hertia sens
twi n-hul | boat equipped Rty B fren Ryidr of oi | g3Zarfdda rgay E)ﬁdrofml 4

bel ow t he bottom of a hujk ™ _?'cheubott','d}n of whitH |"Sfﬂund e tad wat er

surface while the boat i%an gatﬁrﬂg gt a crui ging eedl ~corrp|r| sing; a
plurality of independent §§ :hven,.,zﬁ,lxglg ary w 994 @/ anﬁ 011 espectively
firont: 2nd EGare Bydrofoils 3

bei ng secured to left ant®r Fight stdeskaf said &ren
and 4; a pair of inertialsengors o oscopes L?_gnd 138 far

Inverse

in
Inverse

3

Ga

.4'-
‘#T—C
Tyt
;

o .
>
: b
] Q
o0) PR > 0 [
. a3 56
O ARl
pus— 1 0
l ,_':' (L] =] \
+ H e ]
% Y
o e} = :,‘ ©
+ ] ) Lo}
ot v} -
[
Q e i)
b Q i Q
w1 2 1 O
s g A
=1
-~ 3 ~ ¢ @ < ~
> 2 b g 2o 3 P
- N,
=] o o 0 @ o H & g
-t ETR 7} - > a Q o
- o o M b [ -
— o2 " v & o H +
o Mo o ¢ — o M ]
o o ~ O N o)] ot Q Q
P~ s = Mo Q M
4 0 a - mu a,
o 0 N S Pu l a
“'u w a S m'a o |9
— o w .
0 n o SN i - @
N Qv fo¥ U W NN
g z~ w L ¥
2~
3 e ° Q A
0
o
¢ |
—~ =] U ~
o o) -~
= (&} oo
i = £ o
[0, Q8] I;:
s o~ o
- g d [~
~ g8 -0
ow Sy}
nﬂn"l FY I
-{
oy



detecting rolling angle and pitching angle of said hull 1 based on the
center of notion thereof; and a controller unit 14 for controlling rolling
and pitching of said hull 1 by driving said auxiliary wings 5/5 and 6/6
based on roIIing/pitching-angle-detect signals fromsaid inertia sensors or

gyroscopes 13A and 13B. 3. A tw n-hull gﬂakﬁeqU|pped with a front hydrof oi
3 and a rear hydrofoil 4 belowthe bo a hull 1, the bottom of which

is under the water surface while the boat is navigating at a cruising
speed, conpri sing; 17 a plurality of independently driven auxiliary

W ngs 5/5 and 6/ 6 respectRLKURICIBOAT SECW BYDROFOIEEt and right ends of said
front and rear hydrofoils 3 and 4; a height sensor 11 secured to the stem

of said hull 1 in order to neasure height of said stemfromwater surface;
b bt S RS RALEEL) QYRREQEBRASH AL W IoF WaksrbLIo 3ol g
and 4 comprising; a plurality of independently driven auxiliary
wings 5/5 and 6/6 respectively being secured to both ends of a
front hydrofoil 3 and a rear hydrofoil 4 secured to the bottom of
the hull 1; a height sensor 11 for measuring height of the stem
form water surface; a pair of inertia sensors or gyroscopes 134
and 13B for detecting rolling and pitching angles of the hull 1; a
wing-angle sensor 10 for detecting angles of the auxiliary wings
5/5 and 6/6; and a controller 14 for controlling height of the
"stem constant, preventing the front hydrofoil 3 from coming out
of water surface, and also controlling rolling and pitching
behaviors of the hull 1 by driving the auxiliary wings /5 and 6/6
in accordance with a specific control mode selected by control-
mode-setting switches 21 and 22.

(Please note that Figure 2 should accompany the abstract when published)



cent er  of;, :0sci |4 at i on of sal d huII I; and a controller unit 14 fHfFeE= =0
control Ij\/ng-;--helght _Qf- -salid stem'tlp be constant and rolling and p| tching of
sai'd" hul dri v Iiary ngs 5.5 and 6/ 6 based o

st-em hei ght -.det: Ct. from.said! he:qlI t sepudbstituie sheet - 21 Rpril 1999
rolli ng/ pi t chi ng- angl’e: d?t %it Si gnal fromsaid inertia sensors or
gyroscopgs A3A.and 135_,.,_ «f e_twn-hul | boat equipped with a front

hydr of bit 3 and. s rear - hydE8Folf YEQeiSforth in any of ains 1 through

3 further conprilsi Agtwm-hﬂﬁlll Beaﬁ@i@bea WHH al2r6RF WRASHLIN: 3&&*‘
bearing of said h copputing unit 15 for measuring actual speed

and bearin§®8f E%‘%Efﬁr‘ﬁ}lll 1b‘E)Ja‘§’éd"h8nbﬂE‘F‘{’m (st Pohallaibg Bete® ed by said

beari ng neasuwhigh Ui mn;aar theneiter besebeowndad anehabedis %aﬁﬁi"gﬁ%'mépeed
and bearing, of sald hul | g uted by said conputing unit 14, said

control | er 2anft SH% 58 8RB s SIPRISIRYi e of said hull 1 detected by said
i nertia sensor carpg;yra)]sixype:fl?nﬂd@gsui{déﬁmtazgrdﬁb&@ RukeNidg, Inabs 9fs sdigd hul |

1 detect ed hul 1. boat
caui pped weth BTSSRy BEGTY SeoRRators aRtenyal oot A08I S AHe bot t om

of a hull Z¥rohbeamdtrdeam hydrofoils 3 and 4;

a height sensor 1l secured to the stem of said hull 1 in
order to measure height from said stem to water surface;

an inertia sensor or a gyroscope 13A for detecting rolling
angle of said hull 1 based on the center of motion of said hull 1;
and

a controller unit 14 for controlling height of said stem to
be constant and rolling behavior of said hull 1 by way of driving
said auxiliary wings 5/5 and 6/6 based on a stem-height-detect
gignal from said height sensor 11 and a rolling-angle-detect signal
froﬁ said inertia sensor or gyroscope 13A.

2. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 below the bottom of a hull 1, the bottom
of which is under the water surface while the boat is
navigating at a cruising speed, comprising;

a plurality of independently driven auxiliary wings 5/5
and 6/6 respectively being secured to left and right sides of
said front and rear hydrofoils 3 and 4;

a pair of inertia sensors or gyroscopes 13A and 13B for
detecting rolling angle and pitching angle of said hull 1 based
on the center of motion thereof; and

a controller unit 14 for controlling rolling and pitching of
said hull 1 by driving said auxiliary wings 5/5 and 6/6 based
on rolling/pitching-angle-detect signals from said inerxrtia
sensors or gyroscopes 13A andl3B.

3. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 below the bottom of a hull 1, the bottom of which
is under the water surface while the boat is navigating at a
cruising speed, comprising;
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of ﬁhich I's under the water surface while the boat is navigating at a
crui sing speed, conprising; a plurality of independently driven auxiliary
wi hgs 5/5 and 6/6 respectively being secured o left and right,en sai d
front and rear hydrofoils 3 and 4; a bﬁzring %%é” &%EHEQ{EQHZA?HE?QBB
measuring actual bearing of said hull 1; 18 a speed neasuring unit 15
for measuring actual cruising speed of said hull 1 based on hull positional

data detected by said bearing neasuring unit 12; an inertia sensqor or_a
gyroscope 13A fd RIFEdifh d-l“ldleﬁﬁn%ﬁfgllé’ griven puxifiaty JHOgE S§AStaRd

center of RYki pEsEctivelybéingl sedlifled tePNEER! 484 MBIt dddsicRaigased on
hul | - speed-detect signal_ fromsaid speed neasuring nuit 15 and

rol |i ng- angFerbadnst rearghsfireidtesdi a4 ferti a sensor or gyroscope 13A,

drives said auxid irdigh®l 8&Ssdy 11aB8c®idd itd eh&edtdnD offf S¥EdtmAai d {xnont

hydrofoil 3 from , ,
order to measure height of said stem from water surface;

$ D

a pair of inertia sensors or gyroscopes 13A and 13B for
detecting rolling and pitching angles of said hull 1 based on the
center of oscillation of said hull 1; and

a controller unit 14 for controlling height of said stem to
be constant and rolling and pitching of said hull 1 by driving
said auxiliary wings 5/5 and 6/6 based on stem-height-detect
signal from said height sensor 11 and rolling/pitching-angle-
detect signal from said inertia sensors or gyroscopes 13A and 13B.

4. The twin-hull boat equipped with a front hydrofoil 3 and a

rear hydrofoil 4 as set forth in any of Claims 1 through 3
further comprising;

a bearing measuring unit 12 for measuring actual bearing of

said hull 1; and |

a computing unit 15 for measuring actual speed and bearing of
said hull 1 based on hull positional data detected by said
bearing measuring unit 12;

Whérein, besed on data related to actual speed and bearing of
said hull 1 computed by said computing unit 14, said controller
unit 14 corrects rolling angle of said hull 1 detected by said
inertia sensor or gyroscope 13A and/or corrects pitching angle of
said hull 1 detected by said inertia sensor or gyroscope 13B.

5. A twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 below the bottom of a hull 1, the bottom
of which is under the water surface while the boat is navigating
at a cruising speed, comprising;

a plurality of independently driven auxiliary wings 5/5 and
6/6 respectively being secured to left and right ends of said
front and rear hydrofoils 3 and 4;

a bearing measuring unit 12 for measuring actual bearing of
said hull 1;

gy "
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-

ski ppi ng over water surface and control rolling of said hull. 1. 6. The

tw n-hull boat equipped with a front hydrofoil 3 and a rear hydrofoil 4 as
set forth in Claimb5, wherein said spefg neasgrégﬂ:uni 15 coqgutes act ua
crui sing speed and bearing of said hul [®1 baseHbshifute sheghz i Anel 1880,
detected by said bearing neasuring unit 12, and wherein said controller 14

corrects rolling spae n@ﬁsﬁﬂixg_:f Riflile isd%ﬁ%é‘eféuﬂné%&ﬂaﬂercérhgﬁgﬁ%z rele% of

gyroscope 13A hased_on date related to actual cruiSing spee .
said hul | ifsﬁ?ﬂ%ugﬂﬁlb]y hased eBmpitl Resthienals daka dekeqtgidnbrusaidoat
equi pped VibddrimgpPheashting @hiBydipofoils as set forth in daim4 or 5,
wherein said beari,ng neasuring unit 12 conprises a global positioning
system an inertia sensor or a gyroscope l3A for detecting rolling

angle of said hull 1 based on the center of motion of said hull 1;

and

a controller unit 14 which, based on hull-speed-detect signal
from said speed measuring nuit 15 and rolling-angle-detect signal
from said inertia sensor or gyroscope 13A, drives said auxiliary
wings 5/5 and 6/6 in order to prevent said front hydrofoil 3 from
skipping over water surface and control rolling of said hull 1.

6. The twin-hull boat equipped with a front hydrofoil 3 and a
rear hydrofoil 4 as set forth in Claim 5, wherein said speed
measuring unit 15 computes actual cruising speed and bearing of
said hull 1 based on hull positional data detected by said bearing
measuring unit 12, and wherein said controller 14 corrects
rolling angle of said hull 1 detected by said inertia sensor or
gyroscope 13A based on date related to actual cruising speed and
bearing of said hull 1 computed by said computing unit 15.

7. The twin-hull boat equipped with a plurality of hydrofoils
ag set forth in Claim 4 or 5, wherein said bearing measuring unit

12 comprises a global positioning system.
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