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Claim

1. A wave making apparatus for use in a wave Hool

o

comprising:

a wave: generating plate having a wave generating face

'vhich‘ is inclined toward the center of a wave pool relative to a

stationary upper surface of water in said wave p;:ol; and
drive means for driving said wave generating plate
along a wall which is upwardly and backwardly inclined relative

to the center of the wave pool.
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‘Complete Specification for the invention entitled:
WAVE MAKING APPARATUS

The following statement is a full description of this invention
including the best method of performing it known to me:-




WAVE NG_APP

Back d _of _ the ventio

jeld of the Inventio

The present invention relates to a wave making apparatus

used in a wave pool for recreation.
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 § Description o e jo

. E Most prior art wave making apparatus used in poois for

% . recreation have been of the flap or air type. The wave making
i :?t:: apparatus used in experimental tanks are mainly of the flap,
% o:igo plunger or piston type. The flap-typf wave making apparatus

onwn

o0 000

e drives the upper end of a flap, in a horizontal direction, the

®
sena

cvessd flap being held with a pin at the lower end in a freely rotatable

©

{ . state, and generates waves by oécillating the flap with a

i ,e,*¢, centered pin.

1 Qo ed

o'los"

The air-type wave making apparatus sends air into

an air chamber by means of a blower and fluctuates the level of

. e water by opening and closing a duct set in the air chamber, to
dwq 0

thereby generate waves. The plunger-type wave making apparatus

moves a wedge-shaped plunger held at the lower end of a shaft up

o b2
Q L]
edne

and dcwn along a tank wall standing vertically, to thereby

68 e
°

°20° generate waves in the water. The piston-type wave making

apparatus moves a flap set vertically relative to &he surface of

e the water .on a rod, back and forth along a tank bottom, to

thereby generate waves in the water.

The flap-type wave making apparatus, one of the above-

25 mentioned conventional wave making apparatus, produces a larger

1A.
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turbulente near the surface of water and a smaller turbulence

under water as it goes deeper, because the flap is held at the

lower.end with a pin. To generate high waves, therefore, it is

necessary to increase the height of the flap greatly. 1In

~ .addition, to absorb the waves generated ‘behind the flap, it is

necessary to prov;de a certaln dlstance between the back of the
flap and the tank wall, and a special wave absorbing device or a
special vave absorbing construction is required. Although a
method wherein air exists instead of water behind the flap is

partly put tc practical use, this method requires an intricate

mechanism.

The air-type wave making apparatus has difficulties in that
it requires a complicated cecntrol of a blower, and a complicated
mechanism for controlling the opening and closing of a duct due

to the compressibility of air to generate high waves.

The plunger-type wave making apparatus produces a smaller
turbulence in a deep zone of the water than near the surface of

the water because the plunger as a wave generating plate is

wedge-shaped. To generate high waves, therefore, it is necessary

to increase the stroke of the wave generating plate. This

disadvantageously leads to a great size of the wave generating
plate.

\

The piston-type wave making apparatus requires a certain

distance to be provided between the back of the wave generating

plate and the tank wall, and a special wave absorbing device or a
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special wave absorbing construction is required in order to

absorb the waves produced behind the wave generating plate.

It is an objécﬁ of the present invention to provide wave
making appafatus which is able to easily generate high waves and
which requires neither special wave absorbing devices nor a
special wave absorbing construction. |

In accordance with the present invention, a wave generating
apparatus comprises a wave generating plate having a wave
generating face inclined toward the center of a. wave pool
relative to the stationary surface of water of the wave pool; and
means for driving the wave generating plate along a wall which is
inclined backward relative to the center of the wave pool.

The above objects and other objects and advantages of the

present invention will become apparent from the detailed

description to follow, taken in connection with the appended

drawings.
Brie scription of the Drawings

Fig. 1 is an explanatory view illustrating a first

embodiment of a wave making apparatus according to the present.

. . \
invention:;

\ \

Fig. 2, is an explanatory view illustrating another

embodiment of a wave making apparatus of the present inﬁention;
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Fig. 3 is ah explanatory view illustrating still another
embodiment of a wave making appafatus of t§e present invention;
| Fig. 4 is a plan view illustrating a pool used with the wave
making devices of the present invention;
Fig. 5 .is a éfoss sectional view of the present invention
taken on the pl&ne of line 2-; of Fig. 4; and
Fig. 6 schematically shows a hydraulic drive for the wave

generating plate of the invention.

etajled scripti ‘

The wave making apparatus of the present invention comprises
a wave generating plate which is driven along a pool wall so that
waves can not be generated behind the'wave.generating plate if
high waves are generated. In this Ease, the pool wall, along
which the wave generating plate slides, is inclined so that
turbulence can be produced in a deeper zone of water.

Fig. 1 is an explanatory view illustrating one embodiment of
a wave making apparatus 10 of the present invention. Wave making
apparatus 10 comprises a wave generating plate 12 having‘a wave
generating face 13 (front face of wave generating plate 12) which
is$ inclined forward relative to the stationary upper surface of
the water 22 and means for driving wave generating plate 12 along

wall 18, wall i8 being inclined backward relative\és the center

of the wave generating pool. The drive means for plate 12 has a

drive shaft 14 coupled to the wave generating plate 12, a mount

16 holding the drive shaft 14, and a drive unit (not shown, but

-
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arranged in mount 16) driving wave generating plate 12 along wall
18 through the drive shaft 14. To move wave generating'élatg 12
along wall 18, drive shaft 14, coupled to the wave generating

plate 12, and mount 16 holding the drive shaft 14, are arranged

. so that drive shaft 14 and mount 16 have the same incline as that

of wall 18.

It is preferable to incline wall 18 backward relative to the
center of the wave ﬁool at an angle X of 30° to 50° relative to
the vertical plane. If the wall 18 is inclined at less than 30°,
smaller turbulence is produced in a deeper zone of water. If the
wall is inclined at more than 50°, the wave genefating plate 12
will be required to be too large.

A minimum clearance between wave generating plate 12 and
wall 18 is sufficient to permit mdving of the wave generating
plate 12. If necessary, a slide guide can be provided between
wave generating plate 12 and wall 18 in order to carry the
partial weight or buoyancy of wave generating plate 12.

The lower end of wave generating plate 12 is positioned at a
height above pool bottom 20 which is equal to about one-half of
the stroke or greater than the stroke necessary to generate waves
of desired height. The ;pper end of front face 13 of wave
generating plate 12 is positioned at a height such that water
does not splash over the top of wave generating p}ate 12 when

\

waves of desired height are generated. Wave generating face 13

of wave generating plate 12 is inclined toward the center of the

pool, i.e. inclined forward relative to the stationary upper

-5-—
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surface 22 of the water, to generate a wave 24.moving toward the
center of the pool. The wave generating face 13 of the wave
generating plate 12 is desired to be inclined toward the center

of the pool at an angle 4 of 10° to 40° relative to the vertical

‘plane. The wave generating face 13 need not be flat; it may be

curved, either convex or concave. The bottom face of wave
generating plate 12 is parallel to inclined wall 18. The top
face of wave generating plate 12 and the surface on which drive
shaft 14 is mounted have no restriction on shape or orientation.
In the embodiment of Fig. 1, wave generating plate 12 of a block
shape having a rectangular section is used, but the wave

generating plate 12 is not confined to the above-mentioned shape.

It is sufficient that the wave generating plate 12 has a wave

generating face 13 which is in¢lined forward. A wave generating

plate 12 comprising a wave generafing face, bottom face and an .

upper face and a wave generating plate of a shape of a thin plate

having only a wave generating face can be used.

A drive means for the wave generating plate 12 comprises
drive shaft 14 connected to wave generating plate 12, mount 16
holding the drive shaft and a drive unit (not shown) for driving
the wave generating plate along wall 18 through said drive shaft.

The drive unit coupled to drive shaft 14 may be hydraulic,

pneumatic or electrical._ The chain lines in Fig. 1 show the wave

generating plate 12 in different positions, as driven by the

drive means.
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According to the wave making apparatus described above, when
the wave generating plate 12 is pushed into the water by being
moved half a stroke downward along wall 18 by the drive unit

through drive shaft 14, wave generating face 13 of wave

fgenerating plate izvproduces turbulence down to the deep zone in

the water, thereby generating waves of desired height. Such
generation of the waves by means of wave generating plate 12 is
carried out each time wave generating plate 12 is pushed into the
water by being moved downward after being moved upward. Thus,

wave 24 being generated continuously.

Fig. 2 is an explanatory view illustrating another
Embodiment of a wave making apparatus of the present invention.
The wave making apparatus of Fig. 2 comprises a hydraulic

actuator which moves drive shaft 14’ supported by mount 16’. &

pneumatic actuator can be used as a drive unit in place of a

hydraulic actuator. 1In other respects, the embodiment of Fig. 2

is the same as that of Fig. 1. A typical hydraulic drive unit is

shown in Fig. 6, and is described below.

Referring to Fig. 6, the wave generating plate is
reciprocably mounted on guiding rods 47, which pass through
openings or apertures in wave generating plate 12. The guiding
rods are fixedly secured to inclined wall 18 by means of

respective mounting members 48. Hydraulic actuatqﬁs 16’ actuate

respective drive shafts 14/, which are connected to the wave

generating plate 12, as shown in Fig. 6. Hydraulic actuators 16’

are mounted to the upper surface of the pool by means of

-7




respective mounting members 46. The wave generating plate 12 is
driven along the guiding rods 47'by means of the hydraulic

actuators 16’ in a reciprocating manner. The hydraulic actuators

16’ are coupled to a sourte of hydraulic fluid (not showh),‘and

"to a control device to corntzol the supply of the hydraulic fluid

to operate the actuators to reciprocably drive the wave

generating plate 12.

Fig. 3 is an explanatory view illustrating still another
embodiment of the wave making apparatus of the presént invention.
In this embodiment, a drive means comprises a drive shaft 34
connected to the wave generating plate 12, the drive shaft 34
having a rack 26 thereon. The drive means further comprises a

pinion gear 28 engaged with the rack 26. A drive motor 35 is

coupled to drive pinion gear 28, preferably through a reduction
gearing (not shown}. Mount 36 supports the drive shaft 34 and
the drive motor 35 coupled to turn the pinion gear 28 for driving

the wave generating plate 12 along a wall through the rack gear

26 on the drive shaft 34. In other respects, the embodiment of

Fig. 3 is similar to that of Fig. 1.

An example of the wave making apparatus arranged in a pool

for surfing is shown in Figs. 4 and 5. Fig. 4 is a plan view

illustrating the pool used in the surfing pool example of the
\

invention. Fig. 5 is a cross-sectional view taken ‘on ‘the plane

of line 2-2 of Fig. 4. The pool of Fig. 5 includes two wave

making apparatuses 10a and 10b, which are the wave making

apparétus 10 shown in Fig. 1. In Fig. 4, the distance from the

-8 -
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bottom of pool 30 to the top surface of the water is indicated in
parentheses. The bottom surface of pool 30 is lowest in the
central area and slopes up toward the pool sides. A wave making

apparatus of the present invention was arranged at each end of

ftyé waterways 32a and 32b which are connected to pool 30. The

waves generated by wave making apparatuses l0a and 10b pass ‘
through the two respective waterways 32a and 32b and cross eac'.:_h_.:,‘ﬁ
other in pool 30. As a result, high waves appropriate for
surfing can be generated easily in pool 30, by means of the wave
making apparatuses 10a and 10b. In the case of a wave making
pool for surfing, the form of wave 24 need not be sinusoidal.
Waves 24 of high steepness ratio, which pave peaked crests and
flat troughs, are preferable. The drivé unit for driving the

wave generating plate 12 is not required to have a sophisticated

sinusoidal motion control mechanism. A drive cycle range which

cover a very limited range of the cycle is sufficient.
In a test example, the backward angle of inclination ¢
of the wall 18 was at 45°, and the angle of inclination 4

of the wave generating face 13 of the wave generating plate 12

was set at 30°. The reciprocating cycle of operation of the wave

generating plate was between 2 and 6 seconds. The design

criteria for the stroke of the wave generating plate (distance of

movement) for a given depth of water is as followg?\

Wave Height = (0.5 = 0.7) x Depth of Water

Stroke L 1.4 x Wave Height

————

Consequently, Stroke =~ (0.7 - 1.0) x Depth of Water

-9-
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The improved effects of the present invention are as

follows:

(a) The wave making apparatus of the present invention can

oroduce turbulence in a deep zone of water in comparison with

‘prior art wave making apparatus. Therefore, high waves can be

‘easily generated.

(b) Any special wave absorbing work is not required because
there is no sﬁfface of water behind the wave generating plate.
Accordingly, the space around the wave making apparatus which is
necessary for arranging said apparatus is redhced and, therefore,
maneuverability for arranging the wave making apparatus
increases.

While the invention has been described above with respect to
specific apparatus, it should be clear that various modifications

and alterations can be made within the scope of the invention as

defined in the appended claims. For example, the drive means for

driving the wave generating plates can be freely chosen, to drive
the wave generating plate 12, forward and backward (that is, "to

and fro", substantially parallel to the surface of the rearwafdly

inclined surface 18 of the pool.

b4
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A wave making apparatus for use in a wave pool

comprising:

a wave: generating plate having a wave generating face

‘which is inclined toward the center of a wave pool relative to a

5 stationary upper surface of water in said wave péol; and
drive means for driving said wave genefating plate
along a wall which is upwardly and backwardly inclined relative
to the center of the wave pool.
sesses
::q:, 2. The wave making apparatus of claim 1, wherein said

M .. drive means drives said wave generating plate in parallel. to said
L] L]

L]

L3

upwardly and backwardly inclined wall of said wave pool.

3. The wave making apparatus »f claim 1, wherein said

drive means comprises:

a drive shaft coupléd to said wave generating plate;

mount means for supporting said drive shaft relative to
/ 5 said upwardly and backwardly inclined wall; and
e drive unit means for driving said wave generating plate
\ ‘Hlv‘along said upwardly and backwardly inclined wall through said
% drive shaft.
1 \
\ \

The wave making apparatus of claim 3, wherein said—

drive unit means includes a hydraulic drive unit.

-11-
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5. The wave making apparatus of claim 3, wherein said

drive unit means includes a pneumatic drive unit.

6. The wave making apparatus of claim 3, wherein said drive

unit means includes an electric motor drive unit.

7. The wave making apparatus of claim 1, wherein said

drive means comprises:

a drive shaft coupled to said wave generating plate and

having a rack gear thereon;

mouﬁt means for supporting said drive shaft relative to
said upwardly and backwardly inclined wall} and

drive unit means including a pinion gear engaged with
said rack gear for moving said wa#e'generating plate along said

upwardly and backwardly inclined wall through said pinion gear

and said drive shaft.

8. The wave making apparatus of claim 1, wherein said wave
generating plate comprises a wave generating face which is
inclined toward the center or the wave pool at an angle of 10° to

40°* relative 0 a vertical plane.

\
9. The wave making apparatus of claim 8, wngrein said

upwardly and backwardly inclined wall is inclined backward

relative to the center of_.the wave pool, at an angle of 30° to

50° relative to a vertical plane.

-12-




10. The wave making apparatus of claim 1, wherein said
upwardly and baékwardly inclined wall is inclined backward
relative to the center of the wave pool, at an‘angle of 30° to

- 50° relative to a vertical plane.

11. The wave making apparatus of claim 1, wherein said wave

generating plate comprises a wave generating face which is

inclined toward the center of the wave pool at an angle of about

. 30°,
oreter
a [
L] ¢ce
L) [ ]
¢go0 .
L 12. The wave making apparatus of claim 8, wherein said
PR .

¢« « upwardly and backwardly inclined wall is inclined backward

-;~%f relative to the center of the wave pool, at an angle of about
45°.
i is 13. The wave making apparatus cf claim 1, wherein said
i « «» upwardly and backwardly inclined wall is inclined backward
T ® 1
f£1¢ t ‘
relative to the center of the wave pool, at an angle of about
45..
‘!(ltl
10
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o NIPPON KOKAN KABUSHIKI KAISHA \‘
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By its Patent Attorneys: '

CLEMENT HACK & CO.
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Attorneys of Australia.
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