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PATENT SPECIFICATION
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International Classification:—F03c.
COMPLETE SPECIFICATION

Apparatus for Deriving Power from the Up and Down Motion
of a Boat or other Floating Object

I, MINISTER OF SUPPLY, London, do hereby
declare the invention, for which I pray that a
patent may be granted to me, and the method
by which it is to be performed, to be particularly
described in and by the following statement :—

This invention relates to apparatus for
deriving power from the up and down motion
of a boat or other floating object due to the
waves or swell.

According to the invention a device for
suspension in the water below a boat or other
supporting float for use in deriving power from
the up and down motion of the latter, comprises
at Jeast two vanes and a mounting to which they
are attached pivotally so that when the device
is suspended vertically beneath the float the
vanes are able to swing upwardly abouttheir
pivots through less than ninety degrees from
““open” positions in which they are substantially
horizontal, to “closed” positions in which the
vanes are inclined each at a small angle tothe
vertical, and wvice versa, so that the vanes tend
to close as the float moves downwardly and to
open and so bring about a pull on the float as
the latter moves upwardly.

Preferably, the mounting comprises a stem
which is more or less upright when the device
is in use and has the vanes attached pivotally
thereto at its lower part.

Preferably, also this stem has slidable there-
along a collar from which pivotted links extend
to the vanes at points remote from their pivots,
and there is also threaded over the stem a
coiled compression spring which tends to urge
the collar upwardly and so close the vanes.
Such spring may be fully closed up when the
vanes are fully open andso actas a step limiting
their movement in the opening direction.

A device in accordance with one form of the
invention is illustrated by the accompanying
diagrammatic drawings which are not to scale
and of which:—

Figure 1 shows the device in elevation with
the vanes open in full lines and closed in

45 broken lines; and _

““M\\\

Application Date: May 4, 1956,
Complete Specification Published: Jan. 14, 1959.

Date of filing Complete Specification: Aug. 2, 1957,

No. 13952/56.

Figure 2 is a corresponding plan view.

In this example, a mounting is constituted
by a rod-like stem 11 with a rectangular head
12 at its lower end and an eye 13 (not shown
in Figure 2) at its upper end for attachment
to a suspension cable indicated at 14 in Figure 1.
The head 12 has two pairs of lugs 15, 15 and 16,
16 through which and the curled over inner
ends of two vanes 17, 18 extend two hinge
pins 19, 20. These vanes are formed with
bent-up flanges 21, 21 and 22, 22.

Threaded over the stem 11 is first a lower
fixed collar 23, then a coiled compression spring
24, then a sliding sleeve 25, and lastly an upper
fized collar 26. The sleeve 25 has apertured
radial lugs 27, 28 at its upper end through
which extend the bights of two “U”- or “V”
shaped links 29, 30, whose free ends are bent
outwardly and extend through apertures formed
to receive them in the upturned flanges 21,21
and 22, 22 of the vanes 17and 18, respectively.

Normally, or when no external forces, or
only upward forces act on the vanes 17 and 18
they assume under the influence of the coiled
compression spring 24 the closed positions
indicated in broken lines in Figure 1. They
occupy this position in use when the boat or
other supporting float from which the device
is suspended is moving downwardly.

When, however, a downward force acts. on

the vanes as when the boat or other float is -

moving upwardly on a wave the vanes move
against the influence of the spring 24 to the
open position (full lines Figure 1 and Figure 2)
substantially increasing the drag or resistance
of the device to movement through the water,
and a substantial tension is applied to the cable
14. The spring 24 tends always to close the
vanes as the boat or floatreaches the top ofeach
upward motion and in use ensures that they
shall be closed as soon as possible after, or
even just before, the commencement of each
downward motion of the boat or float. In
general the weight of the device will be such
that it tends to sink more rapidly than the boat
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or float is ever likely to move downwardly, with
a view to avoiding undue slackening and
subsequent snatching of the cable 14.

The vanes employed may be of different
shape from that shown—for example elongated
or semi-circular vanes may be hinged each
along a longer side or the diametral edge to the
mounting. Also more than two vanes may be
employed.

It will be apparent that the repeated tension-
ing of the cable or rod by which the device is
suspended may be wutilized in various ways, €.g.,
to operate a ratchet mechanism. In one applica-
tion, successive pulls would be used repeatedly
to deflect against spring-influence the flexible
diaphragm of a diaphragm pump in a life boat
or other survival craft for operating a sun still
to obtain drinking water from the sea.

WHAT I CLAIM IS:—

1. A device for suspension in the water
below a boat or other supporting float for use
in deriving power from the up and down
motion of the latter, comprising at least two
vanes and a mounting to which theyare attached
pivotally so that when the device is suspended
vertically beneath the float the vanes are able
to swing upwardly about their pivots through
less than ninety degrees from “open’ positions
in which they are substantially horizontal, to

“closed” positions in which the vanes are
inclined each at a small angle to the vertical,
and wice versa, so that the vanes tend to close
as the float moves downwardly and to open and
so bring about a pull on the float as the latter
moves upwardly.

2. A device as claimed in claim 1, wherein
the mounting comprises a stem which is more
or less upright when the device is in use, and
has the vanes attached pivotally thereto at its
lower part, and wherein this stem has slidable
therealong a collar from which pivotted links
extend to the vanes at points remote from their
pivots, and there is also threaded over the stem
a coiled compression spring which tends to
urge the collar upwardly and so close the vanes.

3. A device as claimed in claim 2, wherein the
spring is fully closed up when the vanes are
fully open and so acts as a stop limiting their
opening movement.

4. A device for suspension in the water below
a boat or other supporting float for use in
deriving power from the up and down motion
of the latter due to waves or swell substantially
as hereinbefore described with reference to the
accompanying diagrammatic drawings.

A. L. BING,
Chartered Patent Agent,
Agent for the Applicant,

PROVISIONAL SPECIFICATION
Power Drogue or Wave Reaction Motor

I, MiNISTER OF SUPPLY, London, do hereby
declare this invention to be described in the
following statement:—

A mechanical device enabling lift-energy
derived from wave-motion at sea to be made
available for useful work on a floating platform
by creation of rhythmic surges of tension in the

cable or rod attaching the device to the floating
element, the energy available being related to
the frequency, velocity, height and profile of
the wave-pattern obtaining at any given time.
A, L. BING,
Chartered Patent Agent,
Agent for Applicant.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1959.
Published by The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies may be obtained.
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1 SHEET ~ This drawing is a reproduction of
the Original on @ reduced scale
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ARTICUiLATED, ENERGY CONVERTING
STRUCTURE

BACKGROUND OF THE INVENTION

The perpetually moving seas constitute an unlimited
source of potentially usable energy. Such a source is
conceivably available for use without fear of depletion.
Further, the endless motion and.the moving waters,
particularly those adjacent to a shore, represent vast
amounts of potential power if it can be harnessed and
controlled.

While this readily available enefgy is presently ex—>

tracted and utilized to a minor extent, the major portion
remains unharnessed. Once a wave washes onto a shore,
its potential energy is, for all practical purposes, dissi-
pated.

Toward capturmg at least some of this otherwise lost
energy represented by an ocean’s wave motion, the
present system is provided. The instant system thus
comprises a safe and relatively desirable means for con-
stantly momtormg and extracting at least a portion of
the ocean’s wave power. Without such extraction, the
power would be completely dlssxpated by waves break-
ing on the shore, and lost.

The wave conversion system herein described func-
tions basically in a floating attitude at the water’s sur-
face. Operably, it comprises at least two, and preferably
a series of floats, adjacent of which are pivotally con-
nected along a common edge.

Relative plvotal movement between said adjacently
hinged units in response to a wave passing thereunder is
translated into physical movement. The latter in turn
actuates a motion accumulator. Thereafter, said accu-
mulations can be immediately converted into a usable
energy form, or transmitted to a central accumulator for
conversion to an alternate energy form.

It is therefore an object of the invention to provide
means for harnessing potential power represented by
wave movement at an ocean’s surface. A further object
is to provide means for continuously monitoring and
extracting potential power as the wave moves toward a
shore. A still further object is to provide a floatable,
articulated marine structure which is capable of re-
sponding to movement of an offshore body of water and
converting such movement into a usable energy form.

DESCRIPTION OF THE DRAWINGS

In the drawings

FIG. ‘1 represents an environmental sketch of the
present system anchored at an offshore body of water.

FIGS. 2 and 2A are enlarged sectional views of a
portion of FIG. 1.

FIG. 3 a segmentary view in partial cross sectlon
showing a portion of FIG. 2.

FIG. 4 is an enlarged segmentary view in cross sec-
tion taken along line 4—4 in FIG. 2. -

The basic objectives of the invention are achieved by
providing an - articulated marine, raft-like structure
which is capable of floatably supporting itself in ‘an
offshore body of water. The structure includes a plural-
ity of. members. such as discrete rafts which are posi-
tioned in such manner as to limit displacement thereof
in the water. Said members, however, are mutually
connected one to the other,:in a way that permits lim-
ited pivotal movement between adjacent units. -

Energy conversion or accumulator means carried on
the floating structure are actuated in response to rela-

5

2
tive pivotal movement by adjacent floating members.
Thus, as a wave passes beneath the respective floating
members, the latter will each be sequentially displaced
in response to the wave’s buoyant force. The resulting
movement is converted to an alternate form of energy
such as hydraulic, electrical, or otherwise. :

In one embodiment of the present system, an example
of the floating raft presently contemplated, is shown in
FIG. 1. The elongated, articulated, marine structure 10
is positioned in a tethered, floating attitude. The struc-
ture comprises in essence a series of individual floats or

" floating members 11 and 12, each of which is operably
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engaged with the next adjacent float. The engagement
is preferably achieved by way of a suitable means such
as a hinge assembly 13, disposed along a common edge.
The latter permits independent, though limited move-
ment of the raft. ‘ '

Hlustrative of the present tethered concept, one end
of structure 10 is anchored to a fixed unit such as a
piled-in structure or tower 14. Thus, the individual
floating members or rafts 11 and 12, are free to swing as
a unit about the fixed structure 14 in response to a varia-
tion in the direction of wave travel.

In an alternate embodiment, the power generating
equipment can be disposed within the confines of the
respective floats 11 and 12. Such an arrangement sug-
gests certain conversions which would eliminate or
reduce long connecting lines.

It is appreciated that changing of the direction of
water flow caused by tide reversal or other natural
phenomena, will contribute to the positioning of the
floating raft assembly 10. However, the primary factor
which normally regulates water movement is the wind
direction at the water’s surface.

Normally a floating raft 10 of the type contemplated
would be anchored with its fixed end offshore and the
raft streaming in a direction toward the shore, or in the
direction of prevailing winds. Thus, as each progressive
wave approaches the shore it passes beneath each float
to sequentially elevate and lower the units 11 and 12.

The respective float members or elements 11.and 12
are relatively simple in construction. In one embodi-
ment they comprise a metallic rectangular configura-
tion adapted to float at the water’s surface. Referring to
FIG. 2, each of said floats, 12 for example, comprises an
upper deck 16 which is supported by sides 17 and 18. A -
lower floor 19 is connected to the respective sides to
define an inner buoyancy compartment 21. The respec-
tive members of the float are sealably joined to maintain
the water tight integrity of compartment 21. The latter
can be provided with internal support braces 22 which
are suitably disposed to reinforce the unit.

Each adjacent side of the respective floats is provided
with downward extending hinge projections such as 23
and 24. The latter are adapted to accommodate one or
more hinge elements such as a pin or shaft 26. Thus,
each projection 23 and 24 is further provided with a
suitable journal or hinge pin opening 27. The hinge
assembly 13 comprises a plurality of short pin-like mem-
bers. Alternately it can comprise a unitary elongated
shaft-like member which extends across the entire float.

In conjunction with accumulator 31, float 12 upper
deck is provided with a plurality of spaced apart con-
duit supports 32 and 33. Said supports function to main-
tain a fluid carrying line or conduit 34 in place, even
during the most violent or erratic motion of the float
members.
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Since the float members will be in a virtually constant
state of movement, line 34 can be provided with a de-
gree of flexibility. However, said line 34 can also be
provided with a rigid construction having a series of
flexible segments 35 which are capable of twisting and
turning as the float movement dictates. These segments
would serve to communicate the respective fixed, rigid
portions of line 34.

The number of said feed conduits 34 which are car-
ried along deck 16 is determined primarily by the num-
ber of energy converter units 31 employed. In any
event, said feed conduits 34 extend for the length of the
upper surface of the structure 10 and terminate at the
anchored platform 14.

When a conduit 34 terminates at an accumulator or
similar converter on the platform 14, the conduit usu-
ally functions to conduct a pressurized stream of water
to the latter. Said stream of water usually is under a
sufficient head of pressure to permit the accumulation
to be fed to a turbine or similar apparatus for generating
electrical energy or the like.

Each pair of adjacent floats 11 and 12 is provided
with a single, or preferably with a plurality of trans-
versely arranged accumulator units 31. Further, the
number of accumulators 31 which can be utilized be-
tween each pair of floats 11 and 12 will vary depending
on the actuating capability of the floats, as well as on the
space available.

In one embodiment of an accumulator 31 usable in the
instant device, and as illustrated in FIG. 4, the fluid
moving unit comprises a pump having a fixedly posi-
tioned first element, which operably receives a second,
or movable element. As shown in FIG. 1, pump 31 is
adapted to function in a submerged position beneath
hinged rafts 11 and 12. The pump 31 is thus formed of a
suitable metallic material or a fiberglass reinforced
resin, which will resist deterioration due to the normal
problems presented by operating in a salt water envi-
ronment.

Referring to FIG. 4, pump 31 includes primarily
elongated cylinder or casing 36 having a dished head 37
and 38 fitted to each end. A pump chamber 39 is thereby
defined between the respective ends. The chamber 39
inner wall 41 is sufficiently smooth to slidably accom-
modate the peripheral edge of seal member 42 there-
against while forming a substantial fluid tight seal there-
with. '

Each casing end wall, 37, for example, is further
provided with one or more valves 43. Said flow control
members are preferably check valves, and more prefer-
ably a plurality of the latter, spaced about the head 37.
These valves are so positioned to permit a unidirec-
tional flow of water into chamber 39. As shown, each of
the valves 43 is defined by a valve port 44 and a valve
cover 46 which is hinged adjacent to the port. Thus,
cover 46 will be displaced inwardly in response to
water pressure on the outer side thereof, as pump piston
47 is moved longitudinally through chamber 39 and
away from head 37.

Elongated pump piston 47 is slidably carried in the
pump chamber 39 to be guided along the inner wall 41
thereof. The central plunger 48 is disposed in a manner
that axially extending guide rods 49 and 51 are jour-
nalled at the respective end walls 37 and 38 in the closed
ends of chamber 39.

In one configuration and as shown, pump piston 47
comprises: coaxially arranged cylindrical shafts 49 and
$1. These not only carry a flow of water therethrough,
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but are slidably registered within bearings 52 and 53 at
the head ends. The respective guide rod ends are jour-
nalled to permit longitudinal movement of the piston as
water is drawn into an end in response to movement of
floats 11 and 12.

Piston plunger 48 comprises opposed dished members
which are joined at their edges to define an inner com-
partment 52. Each plunger wall is provided with one,
and preferably a plurality of check valves 50, 50z and
50b. Said valves are inwardly displaceable to permit
liquid flow into compartment 56 from chamber 39, as
the piston is urged toward an end wall.

As noted, the outer peripheral edge of piston 48 is
provided with a sliding seal member 42. Thus, chamber
39 is divided into two distinct variable sized compart-
ments as piston 47 is moved through chambers 39-394.

To properly position pump 31, pump casing 36 in-
cludes mounting brackets 54 and 55 which depend from
one end thereof. Said brackets are adapted to be fas-
tened to the respective floats 11 and 12, at a point adja-
cent to the common hinged edge 13. Preferably fasten-
ing of pump 31 is made at the hinge pin assembly 26.

As shown, said mounting brackets 54 and 55 are posi-
tioned by virtue of ring bearings 56. The latter are
adapted to slidably register on hinge pin 26 thus to
permit a degree of movement of pump 31 as floats 11
and 12 adjust their relative positions.

When properly positioned, pump 31 is free to oscil-
late or adjust about its mounting brackets 54 and 55 in
response to movement of either of the floats 11 or 12.
However, because of its relationship to the latter mem-
bers, casing 36 will remain relatively constant with
respect to the hinge point.

Functionally, as accumulator 31 is actuated in re-
sponse to movement of the adjacent floats 11 and 12,
piston plunger 48 will be urged through pump chamber
39. To facilitate movement of piston plunger 48, each
float is provided with a linkage structure 57 which
extends downwardly from the floor of the float. In one
embodiment, each linkage structure comprises equi-
length arms 58 and 59 which extend from each float to
a common juncture point 61 at the piston end.

Linkage 57 is further positioned by a downwardly
extending structure 62. Said structure depends from the
lower side of each float a sufficient distance to allow
actuation of piston 47 within the limits of chamber 39.

Functionally, in response to wave movement, adja-
cently hinged rafts 11 and 12 will pivotally move about
hinge assembly 13. As the piston 47 advances toward
end wall 38, water will be drawn into chamber 39a
through valves 43. .

Concurrently, check valves 46 will be forced open,
while §3q are forced to closed position. Water will thus
be forced from compartment 394, into compartment 56.
Thus influx of water will then be urged from pump 31
by way of the conduit guide rods 49 and 51. Said con-
duits can each include a check valve 61 and 62 which
are operable to permit unidirectional flow through the
respective conduits.

The pressurized streams of water will then be urged
into common conduit 34 by way of the flexible conduit
section 35. Thus, for each reciprocatory movement of
plunger 47, water will be forced under pressure into the
central accumulator on platform 14.

It is appreciated that to maintain unidirectional water
flow conduit 34 will be provided with the necessary
check valves and regulators such that there will be a
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controlled feed to the platform based central accumula-
tor.

While not presently shown in detail, means is further
provided to limit pivotal movement of the respective
floats about hinge point 13. Thus, under storms, or
excessively turbulent water conditions, the floats will be
protected by suitable shock absorbers or similar mem-
bers so disposed to minimize severe float movement.

Other modifications and variations of the invention as
hereinbefore set forth can be made without departing
from the spirit and scope thereof, and therefore, only
such limitations should be imposed as are indicated in
the appended claims.

I claim:

1. In combination with a wave articulated facility
adapted to be floatably positioned in a body of water
and having at least two adjacently positioned rafts
which are hinged along a common pivot edge to permit
independent movement of each raft about said pivot
edge in response to wave movement beneath the facil-
ity, and flow conduit means carried on the facility to
conduct pumped water therethrough,

a double acting pump operably carried on said facility
and comprising an elongated casing having op-
posed end walls, one end thereof being pivotally
engaged with the respective adjacently positioned
rafts at said pivot edge, and said casing being com-
municated with said body of water through check
valve means formed at opposite ends of said casing
to permit entry of water into the casing,
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a double ended piston disposed within said elongated
casing having a valved plunger in slidable registry
with the casing inner wall, which valved plunger
includes an inner compartment,

check valves at opposed longitudinal ends of said
plunger, being cperable to open into said compart-
ment whereby to admit water to said inner com-
partment when the plunger is reciprocated,

a pair of hollow shafts defining flow passages, and
disposed coaxially with said casing and with each
other, each being suitably registered at the casing
ends to permit reciprocatory movement of the
piston through the casing,

said respective hollow shafts having an inner end
thereof connected to said valved plunger, and
being in communication with the inner compart-
ment thereof,

check valve means in the respective shafts being op-
erable to permit a unidirectional flow of water
from said inner compartment into the respective
hollow shafts and the latter being communicated
with said flow conduit means on said facility to
direct flows of water therethrough,

whereby relative movement between adjacently posi-
tioned hinged rafts will cause reciprocal movement
of said double ended piston through the pump
casing and urge a flow of water through the respec-
tive flow conduits.

2. In the apparatus as defined in clalm 1, wherein said

double acting pump is disposed beneath said adjacently

positioned rafts.
* * * * *



US 20130113214A1

asy United States
a2 Patent Application Publication o) Pub. No.: US 2013/0113214 A1
McGrath (43) Pub. Date: May 9, 2013
(54) FLOATING VESSEL THAT CONVERTS WAVE  (30) Foreign Application Priority Data
ENERGY AT SEA INTO ELECTRICAL
ENERGY Jun. 11,2010 (TE) weveeevervcecrncerrircennes S2010/0379

(71) Applicant: Ocean Renewables Limited, County Publication Classification

Wexford (IE) (51) Int.CL
(72) Inventor: Brendan McGrath, County Wexford FO3B 13720 (2006.01)
(1) (52) US.CL
F03B 13720 (2013.01)
290/53

(73) Assignee: Ocean Renewables Limited, County ~ USPC o
Wexford (IE) (57) ABSTRACT

An apparatus for converting wave energy into electrical
energy comprising a first floating hull (201) interconnected to
a second floating hull (202). A winch mechanism for use in
raising a weight suspended on a cable (14). The winch mecha-
nism is operated in response to movement of the first hull
(201) relative to the second hull (202), and a generator driven
(63) Continuation of application No. PCT/EP2011/ by the downward movement of the weight. Moreover, a
059637, filed on Jun. 9, 2011. method for converting wave energy into electrical energy.

(21) Appl. No.: 13/710,792
(22) Filed: Dec. 11, 2012

Related U.S. Application Data




May 9, 2013 Sheet 1 of 17 US 2013/0113214 A1

Patent Application Publication

L 2inbi4




Patent Application Publication May 9, 2013 Sheet 2 of 17 US 2013/0113214 A1

T B f\w
O S
\n ,-\\\
o6 N .
’_\\‘\«n.:% :}_‘
\.D/_:}\ m— 4V
-y Al e o
U . :;% N
/"""""’"“‘\ ) ol /MMM o
Py P ‘ /N
= o | -
L
-~ YR ) ‘m“ww «
- -

i
I
L]
'
lﬁi
i 13
Figure 2

/ {




Patent Application Publication May 9, 2013 Sheet 3 of 17 US 2013/0113214 A1

5

%3

B @\é




Patent Application Publication May 9, 2013 Sheet 4 of 17 US 2013/0113214 A1

Figure 4




Patent Application Publication May 9, 2013 Sheet 5 of 17 US 2013/0113214 A1

gfial

Figure 5




Patent Application Publication May 9, 2013 Sheet 6 of 17 US 2013/0113214 A1

Figure 6




Patent Application Publication May 9, 2013 Sheet 7 of 17 US 2013/0113214 A1

Flgure 7



US 2013/0113214 A1

2013 Sheet8of 17

H

May 9

Patent Application Publication

o7




Patent Application Publication May 9, 2013 Sheet 9 of 17 US 2013/0113214 A1

Flcluﬁ& q



Patent Application Publication May 9, 2013 Sheet100f17  US 2013/0113214 A1

204 |

210

Pl
3"'*‘@1‘& {0



Patent Application Publication May 9,2013 Sheet110of17  US 2013/0113214 A1

I

F\GL\A{‘E. {1



Patent Application Publication May 9,2013 Sheet120f17  US 2013/0113214 A1

ot
¥
-
g w
L d
\ / 3
! o
FERTETIRY TERTENYNETY »;
(/ Y
) - a “
HEmlA .- nj s
N ]
3 I
M SRNRRNARBARARARE! J
U ar| S
il e
5 | 3
TN i AR
- | =
.' 1 '“"'j ay
™ \./”w‘%
©
g ° may l «..ON
™ h :.'rél 55
STRRTANETY
~ [C s
" |
d"\.
fo)
5L




Patent Application Publication May 9,2013 Sheet130f17  US 2013/0113214 A1




Patent Application Publication May 9,2013 Sheet140f17  US 2013/0113214 A1

A
RN
\ N
p
w \ =
= B Y L
o —» ' =

!

1 i -:_C
L__mn_~§~c
9 1] et
o - =
I
«
e o
& ™
-j‘ —-m'.:_: [ &4 ] r‘-‘:
o T -_::C G
™M 0]
\\e Lw 9
L] . N
[ a—
| b=
<TiHT I I <

203



US 2013/0113214 A1

May 9, 2013 Sheet 15 of 17

Patent Application Publication

3ol

T2

At




US 2013/0113214 A1

May 9, 2013 Sheet 16 of 17

91 2onbi

Patent Application Publication



Patent Application Publication May 9, 2013 Sheet170f17  US 2013/0113214 A1

_ 2.08 520 \_

' é' I‘ 201
A R L e A et N LTl

o Ol1o”  ©
/
Lt

/A
AN U \
Ly zw

20

Faure 17

Flﬁw“a 1 &

O e et A el d T EE LI D e /
]
A

1 oeitns
»

4




US 2013/0113214 Al

FLOATING VESSEL THAT CONVERTS WAVE
ENERGY AT SEA INTO ELECTRICAL
ENERGY

CROSS-REFERENCE TO PRIORITY
APPLICATION(S)

[0001] This application is a continuation of and claims
priority to the commonly assigned International Patent Appli-
cation No. PCT/EP2011/0059637 (filed Jun. 9, 2011, in the
European Patent Office) and the commonly assigned Irish
Patent Application Serial No. S2010/0379 (filed Jun. 14,
2006, in the Irish Patent Office), both of which are hereby
incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to an apparatus that
converts wave energy into electrical energy.

BACKGROUND

[0003] The sustainable production of clean energy has been
the subject of intense worldwide discussion for some time
now, and it is clear that a great demand exists for this type of
energy. The invention is designed to be a source of renewable,
non polluting energy, and has the potential to commercially
supply some of this demand. The invention described here
will convert the available energy of wave action at sea into
electrical energy.

SUMMARY OF THE INVENTION

[0004] According to the invention there is provided an
apparatus for converting wave energy into electrical energy
comprising a first floating hull interconnected to a second
floating hull, a winch mechanism on at least one hull forinuse
raising a weight suspended on a cable, said winch mechanism
being operated in response to movement of said first hull
relative to said second hull, and an electrical generator driven
by the downward movement of the weight.

[0005] Preferably the first hull and second hull are pivotally
interconnected.
[0006] The winch mechanism is preferably operable to

raise the weight, when the hulls pivot relative to each other, in
both upward and downward directions.

[0007] Preferably a drive mechanism is provided to operate
adrive shaft in one direction to raise the weight in response to
relative movement of the first and second hulls.

[0008] One hull preferably has a gear segment which
engages with a gear pinion on the other hull, said gear pinion
engaged with said gear mechanism.

[0009] Preferably each hull has a gear segment and a gear
pinion for engaging with a corresponding gear pinion and
gear segment on the other hull.

[0010] The gear segments preferably have an arc of
approximately 110°.

[0011] The first and second hulls are preferably pivotally
connected by a link shaft.

[0012] Preferably the weight on one hull is raised, as the
weight on the other hull is lowered to operate the generator.

[0013] The gear segment is preferably mounted on a flange
which projects from the hull.

[0014] The pinion on each hull is preferably disposed on a
front face of the hull.

[0015] Preferably each hull has a recess for accommodat-
ing the weight.
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[0016] Each hull preferably comprises an upper deck (A)
and a lower deck (B).

[0017] Preferably, at least the generator is disposed on the
upper deck (A).

[0018] The invention further provides a method for con-
verting wave energy into electrical energy comprising pro-
viding a first floating hull interconnected to a second floating
hull, and a winch mechanism for in use raising a weight
suspended on a cable, said winch mechanism being operated
in response to movement of said first hull relative to said
second hull, and a generator driven by the downward move-
ment of the weight.

[0019] The basis for the invention is to produce a consistent
energy output when exposed to wave action particularly at
sea. As it will be necessary for this apparatus to endure for
long periods of time and perform effectively in a harsh marine
environment, the floating hull upon which this system oper-
ates is designed in the manner of a ship’s hull. This design can
therefore be readily scaled up to the size of a very large vessel,
depending upon the application required, ensuring that an
exceptionally high level of seaworthiness and endurance is
achieved. There are significant advantages to be gained in the
building and design of this invention by drawing on the
resources of proven ship design technology such as can be
integrated into this design.

[0020] One notable feature of this invention is that it does
not use a hydraulic system to perform its main function, and
therefore presents a much reduced risk of pollution damage to
the environment.

[0021] In unmanned machines where large volumes of
hydraulic fluids are central to their operation, a constant threat
of pollution would exist where the failure of a high pressure
pipe or seal, or indeed a total loss of the machine at sea, could
resultin the spillage oflarge quantities ofhydraulic fluid. This
design will need only small quantities of well contained lubri-
cants and these can be specialized to reduce the risk of con-
tamination.

[0022] Environmental impact is further reduced due to the
absence of any submerged machinery that is rotating or
exposed and hazardous to marine life.

[0023] Preferably, there is provided a drive mechanism
which is operated by the relative pivotal movement of the first
and second hulls. The drive mechanism is connected to and
operates the winch mechanism to raise the weight suspended
on the cable.

[0024] The first and second hulls are preferably pivotally
connected by a link shaft. Preferably, there is provided a
starboard link shaft which is fixed to the first hull and a port
link shaft fixed to the second hull.

[0025] In one embodiment each link shaft has preferably
mounted thereon a gearwheel engaged with another gear-
wheel on a primary drive shaft.

[0026] Further the link shaft has mounted thereon a further
drive member connected by a rod to a sprag clutch operated
drive gear on the main drive shaft.

[0027] The gearwheel and drive members connecting the
link shaft to the main drive shaft operate in such a way as to
rotate the primary drive in a chosen direction.

[0028] It will be noted that the pivotal movement of say the
second or aft hull in both the upward and downward direction
as it is crossed by a wave, results in rotation of the primary
drive shaft in the same direction.



US 2013/0113214 Al

[0029] The primary drive shaft is therefore rotated in
response to relative pivotal movement of the first (forward)
and second (aft) hulls, caused by wave action, and rotation of
the primary drive shaft enables rotation of the winch mecha-
nism to raise a cable and weight.

[0030] Theraising of the weight is therefore the conversion
of kinetic energy of the waves to potential energy (or gravi-
tational energy) as the weight is raised to a position on the
underside of the hull.

[0031] The mechanism on both the fore and aft hulls is
identical, and it may be arranged that while one hull is raising
the weight to its uppermost position, the weight on the other
hull may be released to generate power through the generator.
[0032] The stored potential energy of the raised weight is
therefore converted to electrical energy by the release of the
winch mechanism to enable the weight to fall downwardly
and the electrical generator is operated.

[0033] The apparatus of the invention will be operated in a
suitable depth of water perhaps of the order of 60 meters.
[0034] Itis possible that a plurality of similar hulls accord-
ing to the invention may be connected together.

[0035] Embodiments of the invention will now be
described by way of example with reference to the accompa-
nying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The invention will be more clearly understood from
the following description of some embodiments thereof,
which are given by way of example only, with reference to the
accompanying drawings, in which:

[0037] FIG. 1 is a perspective view of an apparatus for
converting wave energy into electrical energy according to
the invention;

[0038] FIG. 2 is partial schematic top plan view of the
apparatus of FIG. 1;

[0039] FIG. 3 is a schematic view of part of the drive
mechanism of FIG. 1;

[0040] FIG. 4 is a schematic view of the apparatus of FIG.
1 in use;

[0041] FIG.5isafurther schematic view of the apparatus in
use;

[0042] FIG. 61sa further schematic view ofthe apparatus in
use;

[0043] FIG. 7 is a perspective view of another embodiment

of apparatus for converting wave energy into electrical energy
according to the invention;

[0044] FIG. 8 is a partial transparent view of the apparatus
of FIG. 7,
[0045] FIG. 9 is a perspective view of the front hull of the

apparatus of FIG. 7,

[0046] FIG.101isa further perspective view of the front hull
of FIG. 7,

[0047] FIG. 11 is a perspective view of the rear hull section
of FIG. 7,

[0048] FIG. 12 is a schematic top plan view of the front and
rear hull sections of the apparatus;

[0049] FIG. 13 is a schematic perspective view of the oper-
ating components of the apparatus of F1IG. 7;

[0050] FIG. 14 is a schematic sectional view of the operat-
ing components of FIG. 13 located on the front hull of the
apparatus of FIG. 7,

[0051] FIG. 15 is a perspective view of the power take off
system of the apparatus;
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[0052] FIG. 16 is a perspective view of the winch mecha-
nism of the apparatus; and

[0053] FIGS. 17 and 18 are schematic views of the appara-
tus of the Fig. in use.

DETAILED DESCRIPTION

[0054] Referring now to the drawings and referring in par-
ticular to FIGS. 1-3 there is shown therein an apparatus for
converting wave energy into electrical energy generally indi-
cated at 100. The apparatus 100 comprises a first or forward
hull section 1 and a rear or aft hull section 2. The hull sections
1 and 2 are pivotally connected together by link shafts 3, 4.
The link shaft 3 is the starboard link shaft and is fixed to the
aft hull section 2. The link shaft 4 is the port link shaft and is
fixed to the forward hull section 1. Thus, the aft hull section 2
can rotate or pivot about the link shaft 4 whereas the forward
hull section 1 can rotate or pivot about the link shaft 3.
[0055] The link shaft 3 has mounted thereon a gearwheel 8
connected to a gearwheel 9 mounted on a primary drive shaft
10. Further, the link shaft 8 has fixed thereon a lever member
5 and the primary drive shaft 10 has fixed thereon a lever
member 7. A connecting rod 6 is connected to lever members
S5and7.

[0056] The gearwheel 9 has a sprag clutch mechanism 9a
(FIG. 3) which permits rotation of the gear wheel 9 (and thus
the primary drive shaft 10) in one direction and the lever
member 7 has a sprag clutch mechanism 7a which also per-
mits rotation of the primary drive shaft 10 in the same direc-
tion. Therefore, as the aft hull section 2 pivots upwardly
relative to the forward hull section 1, the gear wheel 9 and
primary drive shaft 10 is rotated in one direction and as the aft
hull section 2 pivots downwardly relative to the forward hull
section 1, the cam member 7 rotates the primary shaft 10 in
the same direction. The sprag clutch mechanisms on gear
wheel 9 and lever member 7 enable the rotation of primary
drive shaft 10 in the same direction, as the aft hull section 2
moves upwardly and downwardly relative to the forward hull
section 1. Therefore, continuous rotation of the primary drive
shaft 10is achieved as the hull sections are raised and lowered
as a wave passes under the hull sections.

[0057] The primary drive shaft 10 is connected to a drive
system comprising a pair of gearing mechanisms 11 which in
turn are connected through a drive clutch and brake 12 to a
winch spool 13. The winch spool 13 has wound thereon a
warp or cable 14 which is fed over a spooling roller 16
mounted on a spooling mechanism 15. The cable 14 extends
over a final roller 17 mounted in an enclosed section 18
having an aperture (not shown) through which the cable 14
extends downwardly below the hull section 1. A suitable
weight 101 is attached to the free end of the cable 14. It will
be appreciated that the enclosed section 18 is designed to
enable the cable 14 to exit the hull 1 through an opening but
not compromise the hull 1 in relation to its sea worthiness, to
ensure the hull will not flood with water.

[0058] A secondary drive shaft 19 is attached to the winch
spool 13 and is mounted on a secondary drive clutch and
brake 20. The secondary drive shaft 19 is connected to a
secondary step up gearing mechanism 21 which in turn has an
output shaft 23 connected to an AC generator 22.

[0059] It will be appreciated that the aft hull 2 will have a
similar arrangement of gearwheels, link shafts, winch spool
and winch cable 14 and weight 101 as the forward hull 1, so
that the forward and aft hulls operate on a weight 101 in a
similar manner.
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[0060] This system makes full use of the depth of water in
which it operates, the distance between the vessel and the
seabed is fully utilized as part of the central function of this
design.

[0061] This system converts wave energy into an accumu-
lated gravitational force which is then controlled and
deployed smoothly to power an AC generator.

[0062] The buoyancy of the hull sections and how they
react to wave motion, will determine the force that they can
bring to bear on the mechanical components involved in the
production of this power, and therefore the efficiency of their
power production.

[0063] The size and stability of the hulls 1, 2 will enable
certain fundamental types of repairs to be carried out at sea
whilst on station, reducing downtime and the cost of essential
maintenance.

[0064] All of the components parts of this design, and in
particular those which will enable it to endure at sea and
produce electrical energy, are extremely reliable and capable
of enduring the harshest conditions at sea.

[0065] This device, once deployed will produce power
smoothly because the generators 22 will be driven at a con-
stant speed. This will be an advantage over many designs such
as air driven turbines and other machines which tend to pro-
duce power in surges making grid connection more complex
and expensive.

[0066] This invention is designed in the manner of a vessel
or ship floating on station and anchored on the open sea, in
such a way as to allow available wave energy to be converted,
by means of incorporated machinery, into electrical energy.
The resultant electricity will then be fed into the national grid
by cable and conventional systems.

[0067] This invention may be comprised of more than two
hull sections, and all of these sections will be designed and
constructed using the most up to date shipbuilding techniques
of ocean going steel hulled ships. All hull sections will be
joined or connected together by means of horizontally
aligned hinge systems these will be very robust and highly
engineered to allow the hull sections to partially rotate in the
vertical plane relative to each other.

[0068] While a number of hull sections may be used in any
oneapplication, a minimum of two sections will be necessary.
For the purposes of this description we will refer to an appa-
ratus that operates using the minimum requirement of two
hull sections. The apparatus described here can be said to be
“in two half’s” and hinged or joined roughly around the
middle of its length. A propulsion system for the apparatus
may or may not be used and would in any event be superfluous
to its main function of wave energy conversion which it will
perform while stationary.

[0069] During its period of operation the apparatus will be
anchored from a single point to geographically fix its position
and also in such a way as to enable it to naturally establish an
alignment which will result in the waves moving towards and
along the hull sections at right angles to them, as would be
normal with an anchoring arrangement of this type.

[0070] The forward section 1 of the vessel, which would
constitute the bow section, will be at all times standing into
the waves and fastened directly to an anchor/mooring system
40, 50, (fixed to the seabed) this forward section 1 will be
designed and built having a suitable streamlined bow shape.
[0071] Once positioned and exposed like this to wave
action on the open sea, the hulls of the apparatus will respond
to this wave action by producing an alternating, semi rota-
tional movement in the vertical plane, with the connecting
hinge axis (4, 3) forming the centre of this movement.
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[0072] The following stage is the process whereby the ves-
sels alternating movement, as described above, is converted
into useable energy via the installation on each hull of the
arrangement of shafts, sprag clutches, connections and gear-
ing, (described above) that are powered by the interacting
motion of the hull sections through the hinge axis shaft. This
enables the partial rotation of the hull movement to be
mechanically developed into a fully rotational movement.
This installation will be double acting and will have a shaft on
each hull which can fully rotate in one direction only.

[0073] Each hull section will have one fully rotating shaft
10, which are the primary drive shafts. The rpm of each
primary shaft 10 will be low and somewhat inconsistent
depending on the frequency and amplitude of the waves,
however each shaft will be capable of substantial power out-
put due to the leverage the hull sections can bring to bear on
the hinge centre shafting 3, 4 as the vessel reacts to the wave
action.

[0074] Each of these primary drive shafts 10 will be
coupled to identical winch installations that have been located
in alignment together on the deck of each hull section, as
described above.

[0075] The winches 13 have a single spool with dimensions
appropriate to the application, fitted with heavy duty air/
electric clutch and braking systems 12, 20 and capable of
being controlled and operated electronically. The winch is
fitted with a sufficient quantity of high specification cable/
warp 14 on the spool to take into consideration the depth of
water in its proposed working location at sea.

[0076] The requirement being that each warp 14 is of suf-
ficient length to reach to just above the sea bed from the
surface in that location. In one embodiment the design may
require that a depth of at least sixty metres is available, this
minimum depth may to facilitate the operational sequence,
and also wave action at this depth is ideally suited. Depths of
less than sixty metres may need to be facilitated by the inclu-
sion of a double purchase arrangement which would increase
the length of warp and require the weight to be increased by
double the amount also. Depths of much more than sixty
metres would also be suitable with the anchoring system
requirements being scaled up to take into consideration the
increase in water depth.

[0077] Further to the winch installations, in both cases the
warps 14 will lead out from each winch spool to which they
are attached, via a system of blocks and rollers, to positions
that have been calculated to optimise the stability and buoy-
ancy of each hull. From these positions the warps will lead
vertically down through each hull section, via watertight
enclosures which will not compromise each hulls sea-keep-
ing capability, and thereby into the sea where underneath the
floating hull the weight 101 is attached to each warp end.

[0078] The layout and arrangement of the mechanical sys-
tems as described above will convert the wave energy that the
vessel is exposed to into asystem that will supply powerto the
winches; thereby enabling each winch to raise the weight
attached to them from the lowest point of the sequence, just
above the sea bed and clear of it, to the uppermost point of the
sequence, a point just below the underside of each hull. In this
manner the apparatus will operate with at least one winch on
each hull section, and at least one weight per winch. The
weights will preferably be of equal mass and be determined in
each case by the particular application and scale of the
machine to be operated.
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[0079] In addition each winch spool is fitted with two
clutches, one on either side of the spool as follows; a primary
clutch 12 which will allow each spool 13 to be either disen-
gaged from or engaged with its drive or input shaft from the
gearing mechanism 11, and a secondary clutch which will
allow each spool to be disengaged from or engaged with its
output shaft.

[0080] Theclutches will operate inan alternating sequence;
when a winch spool is being driven by its primary input shaft
with the primary clutch 12 engaged and in the progress of
lifting its attached weight, the output clutch, or secondary
clutch 20, will remain disengaged. When the spool 13 has
finished lifting the attached weight the primary clutch 12 will
disengage the spool 13 from the primary drive shaft and the
secondary clutch 20 will take over to engage the spool with
the secondary or output shaft 19.

[0081] Each winch system therefore will be designed and
built to perform two separate functions with one function
being operated at a time in a specific sequence. The first
sequence, which is the stage which accumulates the energy
drawn directly from the wave action, will begin when the
winch spool 13 with its braking system released and primary
clutch 12 engaged and powered by its respective primary
input shaft, will begin to raise its attached weight from where
it will be suspended, i.e. just above and clear of the seabed
which is the lowest point of the sequence, to a point just below
the floating hull which is the uppermost. During this proce-
dure as the weight is being raised by its spool from this lower
position the attached cable 14 is taken in tight coils and being
wound on to the winch spool 13 until the weight has reached
the uppermost predetermined position just below and clear of
the hull 1.

[0082] A winch spool 13 with its weight suspended from it,
in this uppermost position has accumulated energy in the
windings of the warp as it was coiled around the spool, and is
“loaded” with a source of gravitational power or potential
energy which it has acquired during the course of its vertical
travel to this uppermost point and this energy is now available
to be worked in a controlled manner.

[0083] The second sequence is where this accumulated
potential energy is deployed in a controlled manner in order to
generate electrical power, and this sequence will be activated
immediately after the weight has been raised to this upper-
most position. The activation of this sequence 1s initiated by
the operation of both the primary 12 and secondary 20
clutches in conjunction with the braking system in the fol-
lowing manner. The brake will be applied to momentarily
secure the spool 13 and not allow it to rotate, simultaneously
in a coordinated action the primary clutch 12 will be disen-
gaged from the primary drive shaft and the secondary clutch
20 operated to engage the “loaded” spool to its secondary or
output shaft 19. Release of the brake will now “clear” the
spool allowing the weight to begin its descent with the spool
13 now coupled to the secondary or output shaft 19 via the
secondary clutch 20, enabling the spool to rotate the second-
ary shaft. The secondary shaft will transmit this power from
the spool through a step-up gearbox 21 adding shaft speed
sufficient to run the AC generator 22. As gravity takes the
weight on this descent to its lower position as previously
outlined; the action of this descent will cause the spool to
rotate as the gravitational force of the descending weight
unwinds the cable from around the spool. This descent will be
actively controlled by means of an energy producing braking
system, or an electronic governing system which can momen-
tarily increase the electrical load on the generator so that a
constant rpm may be achieved without wasting power.
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[0084] As previously mentioned this description relates to a
version of this design that will operate using two joined hull
sections, each section having its own shafting, winch, weight,
step-up gearing and AC generator installations. During its
operation and in order to achieve a continuous output of
electrical energy from the vessel as a whole, each hull section
will be continuously coordinated with its neighbour in an
alternating sequence of power production. That is to say that
while one hull section is in its sequence of raising its weight
and therefore not producing electrical power its adjoining hull
section will be in a sequence of generating power with its
weight descending. This alternating sequence would be
repeated pro rata for versions of this design that are operated
using more than two joined hull sections.

[0085] 1In FIGS. 4 and 5 there is shown various stages of
operation of the system, illustrating how the forward and aft
hull sections 1, 2 pivot upwardly and downwardly relative to
each other as waves pass underneath them. As one weight 101
reaches the uppermost position the other weight 101 is in the
lowermost position.

[0086] It will be understood that the aft hull section 2 will
have the same equipment as forward hull section 1 and will
operate in the same way. As shown in FIG. 1 each hull section
1, 2 may have a fin 30 to increase stability and maintain the
hulls 1, 2 pointing into wind. The hull 1 will be provided with
an anchor line 40 which may be attached to a marker buoy 50
and the anchor line secured to the seabed.

[0087] The apparatus may be fitted with a double purchase
system (FIG. 6) having a pulley block 102 after the main warp
14 has led out of the hull which would allow for an increased
length of warp to be used in a lesser depth of water. This
would of course mean that the weights 101 would need to be
increased to twice that of a single purchase installation, in
short it is an option for depths of less than sixty metres.

[0088] Referring now to FIGS. 7 to 18, there is shown
therein another embodiment of apparatus for converting wave
energy into electrical energy, generally indicated at 200. The
construction and operation of this second embodiment of the
invention is many ways similar to that of the first embodiment
however, the important technical differences will be dis-
cussed below.

[0089] The apparatus 200 comprises a first or forward hull
section 201 and a rear or aft hull section 202. The hull sections
201 and 202 are pivotally connected together by link shafts
203 and 204 so that the forward and rear hull sections 201 and
202 can pivot relative to each other.

[0090] The forward hull section 201 has a flange 205 which
carries a geared segment 206 and the rear hull section 202 has
a flange 207 which carries gear segment 208. Further, the
forward hull section 201 has a pinion gear wheel 209 exposed
in its face 210, this gear pinion 209 engaging with gear
segment 208 on the rear hull 202. Similarly the rear hull
section 202 has a pinion gear 211 on its face 212, this gear
pinion 211 engaging with gear segment 206 on the front hull
201.

[0091] As the hulls 201, 202 pivot relative to each other, as
a wave passes under the apparatus, the gear segment 208
causes rotation of the pinion 209 and the gear segment 206
causes rotation of the pinion 211.

[0092] The pinions, 209 and 211 are each, connected to a
respective drive and power take off system for raising and
lowering a weight 220 and 221 respectively on each hull 201,
202.
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[0093] The drive and power take off and power transfer
system 301, one per hull section will now be described.
[0094] First, it is to be noted that each hull section 201, 202
will have an upper deck (A) and a lower deck (B). Referring
to FIGS. 13-16, the overall drive system 400 comprises a
power take off/ primary transfer system 301, a winch spool
302, and a gear drive system 303 for an electrical generator
304. The power transfer system 301, provides rotational
power to a drive shaft 250 for the winch spool 302 and
rotation of the drive shaft winds in a warp/cable 14 to raise a
weight 220 which is suspended beneath the hull section 201.
When the weight 220 has been fully raised, it can be lowered
again under gravity by releasing a brake on the spool 302
which in turn rotates an output shaft 310 to drive the electrical
generator 304 via the step up gear drive system 303. The
weights 220, 221 have a corresponding recess 420 and 421 on
the underside of each hull and each recess 420, 421 has a
corresponding sealed aperture 520, 521 for outlet of the cable/
warp 14.

[0095] As shown, the power transfer, storage and electrical
generator are arranged so that the complete apparatus is
spread over the two internal decks (A) and (B). As shown in
FIG. 14, part of the power take off system 301, and part of the
gear drive system 303 for the generator 304 are located on the
upper deck (A). A very small quantity of water may be carried
on board with the cable 14, each time a weight is raised so the
spool 302 is placed below the generator deck (A), and sealed
off from the main electrical equipment. Any water ingress due
to the cable will be minimised by the way the cable is righted
on board, collected in a bilge and periodically discharged
overboard via low voltage automatic pumps.

[0096] The power take off 301 has a top section mounted on
the upper deck (A) this being the PTO primary and secondary
shafting. The primary shaft (FIG. 15) 240 has mounted
thereon the pinion 209 and has two further gears 241 and 242
which drive pinions 243, 245 on secondary shaft 246. The
secondary shaft pinions 243 and 245 are fitted with sprag
clutches which transfer torque in one direction only, one
pinion 243 being driven directly by the primary shaft gear 241
while the other pinion 245 is driven indirectly by the primary
shaft gear 242 through the idler gear 247, this arrangement
being used to rectify the direction of rotation of the secondary
shaft. Since the pinion 209 is rotated in response to pivotal
movement between the two hulls 201, 202, the reacting hulls
effectively transfer oscillatory motion of the primary shaft
240 into a one directional rotation in the secondary shaft 246.
The one directional torque of the secondary shaft 246 is then
transferred further by the fixed gear wheel 249 through fur-
ther step up gearing which is combined within the PTO casing
and below the upper deck level. The additional step up gear-
ing drives the spool input shaft 250.

[0097] In one example, the PTO velocity, gearing and
dimensions are:

[0098] Gear Segment 206, 208 pitch circle diameter=16.
250 metres

[0099] PTO input shaft pinion 209 pitch circle diameter=1,
300 mm

[0100] PTO input shaft diameter 204 for | MW 2 rpm=850
mm

[0101] With a wave height and period of 2 metres and 8

seconds respectively the velocity of the hulls at their circum-
ference will equal 0.5 metres/sec, this equates to 0.16 rpm.
[0102] Thegear segments 206,208 are rotating at 0.16 rpm,
the gear up ratio to the PTO input pinion=1:12.5.
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[0103] The PTO pinion 209 and input shaft 240 will rotate
at 2 rpm in each direction during pitch and heave.

[0104] Ttis envisioned that in one embodiment, the gearing
produces a step up ratio of 1:5 between the PTO primary shaft
240 and the spool input shaft 250.

[0105] Inthe scenario where the device is reacting to wave
activity as previously mentioned of 2 metres 8 seconds the
winch spool input shaft will be rotating at an average speed of
10 rpm. The winch spool core circumference will measure 6
metres and when rotating at 10 rpm it will wind the cable at a
linear rate of 1 metre/second.

[0106] In a scenario where the device is reacting to wave
activity of certain preconditions, of approximately 2 metres
and 8 seconds, the spool input shaft will be rotating at an
average speed of 10 rpm and the spool core circumference
will measure 6 metres and when rotating at 10 rpm will wind
the cable 14 at a linear rate of 1 metre per second. FIG. 16
shows the spool 302 with the cable 14 and weight 220
attached in a format in which it may be connected on each
hull.

[0107] Itisenvisaged that certain limits (FIGS. 17, 18) may
be placed on the angular pivotal movement of the forward hull
section vis-a-vis the rear hull section 202 and such limits may
be dependent on the arc of the gear segments 206, 208 which
may be designed depending on the size of waves encountered
in a particular location.

[0108] Itis also envisaged that as energy is being stored by
the raising of one of the weights 220, 221, the other of the
weights will be lowered to generate electricity via the gen-
erator 304 which will be connected to the grid in a suitable
mannet.

[0109] A regenerative system to moderate the descent of
the weight, during energy release may be provided and suit-
able electronic management may be provided to control the
power output and to facilitate a change over system to bring
the generator on each hull 201, 202 online and in phase during
the operational sequence. A supply of compressed air will be
required to control the cycle of clutch and the brake systems.
Suitable compressors will therefore be provided on board to
provide the necessary compressed air supply as desired.

1. An apparatus for converting wave energy into electrical
energy comprising:

a first floating hull (201) interconnected to a second float-

ing hull (202),

a winch mechanism (302) on at least one hull for in use
raising a weight (220) suspended on a cable (14), said
winch mechanism being operated in response to move-
ment of said first hull relative to said second hull, and

a generator (304) driven by the downward movement of the
weight.

2. An apparatus as claimed in claim 1 wherein the first hull

(201) and second hull (202) are pivotally interconnected.

3. An apparatus as claimed in claim 2 wherein the winch
mechanism (302) is operable to raise the weight, when the
hulls pivot relative to each other, in both upward and down-
ward directions.

4. An apparatus as claimed in claim 3 wherein a drive
mechanism (301) is provided to operate a drive shaft (250) in
one direction to raise the weight (220) in response to relative
movement of the first and second hulls.

5. An apparatus as claimed in claim 1 wherein one hull
(201) has a gear segment (208) which engages with a gear
pinion (209) on the other hull, said gear pinion (209) engaged
with said gear mechanism (301).
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6. An apparatus as claimed in claim 5 wherein each hull has
a gear segment (206) and a gear pinion (209) for engaging
with a corresponding gear pinion (211) and gear segment
(208) on the other hull.

7. An apparatus as claimed in claim 5 wherein the gear
segment has an arc of approximately 110° .

8. An apparatus as claimed in claim 6 wherein the gear
segment has an arc of approximately 110° .

9. An apparatus as claimed in any one of claim 2 wherein
the first and second hulls are pivotally connected by a link
shaft (203).

10. An apparatus as claimed in claim 1 wherein the weight
(220) on one hull is raised, as the weight (221) on the other
hull is lowered to operate the generator (304).

11. An apparatus as claimed in claim 5 wherein the gear
segment (206) is mounted on a flange (205) which projects
from the hull.

May 9, 2013

12. An apparatus as claimed in claim 6 wherein, the pinion
(209,211) on each hull is disposed on a front face (212) of the
hull.

13. An apparatus as claimed in claim 1 wherein each hull
has a recess for accommodating the weight (220, 221).

14. An apparatus as claimed in claim 1 wherein each hull
comprises an upper deck (A) and a lower deck (B).

15. An apparatus as claimed in claim 14 wherein at least the
generator (304) is disposed on the upper deck (A).

16. A method for converting wave energy into electrical
energy comprising providing a first floating hull intercon-
nected to a second floating hull, and a winch mechanism for
in use raising a weight suspended on a cable, said winch
mechanism being operated in response to movement of said
first hull relative to said second hull, and a generator driven by
the downward movement of the weight.
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Disclosed is a method of deploying a hydroelectric turbine. The method includes the steps of:

securing a base for the turbine beneath a vessel; securing the turbine to a support of the base
which projects upwardly through the vessel; transporting the vessel to a deployment site; and

releasing the base from beneath the vessel. The step of releasing the base from beneath the

vessel, allows the turbine to pass through the vessel.
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A system and method for the deploymeént of a hydroeelectric turbine

TField of the Invention

The present invention is concerned with a system and method for the deployment of a
hydroelectric turbine, and in particular a system and method which significantly simplifies
the transportation of a hydroelectric turbine and associated base to a deployment site, in

addition to simplifying the subsequent deployment of the turbine and base to the seabed.

Background of the Invention

Due to the environmental damage which has been inflicted on the planet as a result of the
burning of fossil fuels, renewable energy has finally begun to be given significant
attention, with many projects being developed around solar energy, wind energy, and tidal
power. Of these alternative forms of energy, tidal power is arguably the most attractive,
given that tidal flows are entirely predictable and constant, unlike wind or solar energy

which are relatively intermittent and therefore less dependable.

However, harnessing tidal energy does provide its own challenges, in particular with
respect to the installation and maintenance of tidal power generators, for example hydro-
electric turbines, which by the very nature of the operation of same must be located in
relatively fast flowing tidal currents, and more than likely located on the seabed. In
addition, in order to be economically viable these turbines must be built on a large scale.
As a result the turbines and associated bases/supports are large and cumbersome
components, and require significant heavy lifting and transport equipment in order to
achieve deployment. The use of such heavy lifting equipment is normally a hazardous
undertaking, and is rendered even more dangerous when this equipment is operated at sea

under difficult and unsteady conditions.
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The installation process is further complicated by an increasing shortage in the market of
suitable vessels and equipment to perform such drilling work and the extreme danger of

engaging divers in high tidal flow sites.

The present invention has therefore been developed with a view to simplifying the
deployment of hydroelectric turbines, and which system and method allow the deployment

of a hydroelectric turbine which has been pre-installed on a base.

Summary of the Invention

According to a first aspect of the present invention, there is provided a hydroelectric
turbine deployment system comprising a base and a hydroelectric turbine supportable on
the base; a marine vessel adapted to releasably retain, when afloat, the base therebeneath;
wherein the vessel is adapted to allow the base to be released and lowered away from,
and/or raised under and connected to, the vessel; and in which the base comprises a support
which projects, when the base is connected beneath the vessel , upwardly through the
vessel; characterised in that the vessel comprises a portal through which the support

projects when the base is mounted beneath the vessel and through which the support

mounted turbine can pass.

Preferably, the vessel comprises load bearing means adapted to raise and/or lower the base

relative to the vessel.
Preferably, the load bearing means comprises one or more winches.
Preferably, the vessel comprises at least a pair of hulls connected together.

Preferably, the system is adapted to enable ballast to be secured to the base when the base

is secured beneath the vessel.

Preferably, the vessel is modular.
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According to a second aspect of the present invention there is provided a method of
deploying a hydroelectric turbine comprising the steps of;,

securing a base for the turbine beneath a vessel;

securing the turbine to a support of the base which projects upwardly through the vessel;
transporting the vessel to a deployment site;

releasing the base from beneath the vessel;

characterised in that in the step of releasing the base from beneath the vessel, allowing the

turbine to pass through the vessel,

Preferably, the method comprises, in the step of securing the base, locating the base on the
bottom of a body of water;
positioning the vessel above the base;

and raising the base into position beneath the vessel.

Preferably, the method comprises the step of securing one or more lifting lines to the base

prior to locating the base on the bottom of the body of water.

Preferably, the method comprises, in the step of raising the base into position beneath the

vessel, utilizing load bearing means on the vessel.

Preferably, the method comprises the further step of adding ballast to the base subsequent

to securing the base beneath the vessel.

Preferably, the method comprises securing the support to the base subsequent to securing

the base beneath the vessel.

Preferably, the method comprises the further step of testing various operating parameters
of the base and/or turbine at a test location prior to deploying the base at the deployment

site.
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Brief Description of the Drawings
Figure | illustrates a base for a turbine standing on a quay;

Figure 2 illustrates the base of figure 1 having being lowered to the seabed adjacent the

quay;

Figure 3 illustrates a deployment vessel floating above the base and adjacent the quay;

Figure 4 illustrates the vessel of figure 3, following the raising of the base into position

directly beneath the vessel;

Figure 5 illustrates the vessel and base of figure 4, in which a pair of supports have been

secured through the vessel to the base;

Figure 6 illustrates the vessel and the base of figure 5, following the connection of a

hydroelectric turbine to the supports; and

Figure 7 illustrates the vessel positioned at a deployment site, lowering the base and

turbine towards the seabed.

Detailed description of the drawings

Referring now to the accompanying drawings, there is described and shown a system and
method for the deployment of a hydroelectric turbine 10 (only shown in figures 6 and 7),
which system comprises the use of a base 12 for the turbine 10, and a vessel 14 to which
the base 12 may be coupled, as will be described hereinafter in detail. The system and
method of the invention, as will become apparent, substantially avoids the requirement for
the use of heavy lifting equipment in the deployment of the hydroelectric turbine 10, and

thus significantly simplifies the deployment process.
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In the embodiment illustrated the base 12 comprises a triangular frame 16 having three legs
18, although it will be understood from the following description of the system and method
of the invention that the base 12 is an exemplary embodiment and could be of any other
shape and/or configuration. In order to begin deployment, the base 12 is positioned on a
quay Q beside a body of water W, for example the sea. The base 12 may be transported to
the quay Q fully assembled, or more preferably may be assembled on the quay Q from the

component parts thereof.

Referring then to figure 2, the base 12 is raised off the quay Q and lowered onto the seabed
B adjacent to the quay Q. At this point the frame 12 is relatively lightweight and can be
manoeuvred off the quay Q using a relatively small crane (not shown) or the like.

A lifting line 20 and associated buoy 22 is connected to each corner of the base 12,
preferably prior to lowering of the base 12 onto the seabed B. The number of lifting lines

20 may be varied depending on the size and shape of the base 12, or to meet any other

operational requirements.

Referring now to figure 3, the vessel 14 is manoeuvred into position directly above the
base 12, beside the quay Q. The vessel 14 is provided with load bearing means in the form
of three winches 24, to each of which winches 24 one of the lifting lines 20 can be secured.
The winches 24 can thus be used to raise the base 12 into a position beneath the vessel 14,
as illustrated in figure 4. It will of course be appreciated that any other functional
equivalent to the winches 24 could be employed, and indeed the number of winches 24 and
the positions thereof may be varied as required. The vessel 14 and/or base 12 may be
provided with locking means (not shown) adapted to secure the base 12 to the underside of
the vessel 14 once winched into position. The load will therefore be removed from the

winches 24 once the base 12 is locked in position. The winches 24 may however serve as

this locking means.

It can be seen that the vessel 14, in the embodiment illustrated, is comprised of a pair of
hulls in the form of pontoons 26, which are connected to one another by a pair of cross
members 28. The space between the cross members 28 is left empty such as to define a

portal 30 in the vessel 14. The base 12 can therefore be accessed through the portal 30



Received at IPONZ on 20 June 2012

WO 2008/125285 PCT/EP2008/002869

20

25

30

6

from above the vessel 14. Thus referring to figure 5 a pair of supports 32 are now
connected to the base 12, which work can be undertaken from onboard the vessel 14. As
used herein, the term “support” is intended to mean any system or mechanism which
enables the turbine 10 to be connected to the base 12 in a suitable fashion, and may not

necessarily be of the upright nature depicted by the pair of supports 32 illustrated.

As the base 12 is now safely secured beneath the vessel 14, if required ballast can be added
to the base 12 in order to bring the weight of the base 12 to a level which will allow the
base 12 and turbine 10 to sit securely on the seabed under their own weight. As this ballast
is only added at this stage, the winches 24 do not need to bear this extra load when raising
the base 12 into position beneath the vessel 14. The adding of ballast at this stage also
ensures that when the base 12 is first lifted off the quay Q and lowered to the seabed B, the

crane undertaking the lift does not have to bear the weight of the ballast, and so a relatively

small crane can be employed.

Turning then to figure 6, the turbine 10 is now lifted onto the base 12, and in particular the
supports 32, again using a relatively small crane positioned on the quay Q. The turbine 10
is then secured to the supports 32 and is then ready to be transported to a deployment site

out at sea.

It is envisaged that as this turbine based technology matures, the turbines will grow in size,
and so therefore will the distance between the hulls or pontoons 26. However, the winch 24
which is located on the middle of the front cross member 28 will be carrying a significant
load, and is not supported. It is thus envisaged that the design of the vessel 14 for larger
turbines (or indeed if two or more turbines 10 are to be mounted side by side on a single
base 12) will take some form other than a catamaran design, for example a tri-maran. The

modular nature of the vessel 14 would make such a modification possible and readily

achievable.

In addition, the modular nature of the vessel 14 enables the vessel 14 to be easily
dismantled and shipped around the world to the next instatlation site in the hull of a large

cargo ship. This approach may save time as the larger cargo ships are able to travel in far
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worse conditions than the vessel 14. The modular approach also means that the vessel 14
could be reconfigured in the future for different shaped bases 12, i.e. when deploying a
larger turbine it may be desirable to widen the distance between the hulls 26, which could
be easily done by lengthening the cross members 28. This has obvious cost savings as it is

not necessary to build a completely new vessel.

Another advantage embodied by the shape of the vessel 14 is that it is easy to tow as there
is very little resistance, as the cross members 28 are positioned to be out of the water and
so only the pontoons 26 are sitting in the water. This design will align itself with the tidal
flow compared with an alternate design having the cross members submerged. The latter
design will be less streamlined and less likely to be in line with the flow. This is an
important feature when deploying the turbine 10 when there is some tide running as when
the turbine 10 is lowered, the vessel 14 will be orientated correctly to the tide and so the

turbine 10 will be automatically deployed in the correct orientation.

The modular approach to the design of the vessel 14 also allows additional equipment to be
quickly and easily mounted to the vessel 14 for use during the installation process.
Platforms (not shown) supporting such equipment can be easily connected to the vessel 14

using conventional modular connectors (not shown).

Referring to figure 7, once the vessel 14, base 12 and turbine 10 have been positioned
above the deployment site the base 12 and turbine 10 can be lowered into position. This is
a simple process of unwinding the winches 24 which will allow the base 12 to fall away
from beneath the vessel 14. If any locking means (not shown) are provided on the base 12
and/or vessel 14 they will need to be released before unwinding the winches 24. The

portal 30 in the vessel 14 is shaped and dimensioned to enable the turbine 10 to pass
downwardly through the portal 30, and thus the combined turbine 10 and base 12 can be
lowered together from the vessel 14. No further work must then be done in securing the
two together when the base 12 has been positioned on the seabed B, thereby greatly
simplifying the deployment process. In addition, no lifting equipment such as cranes or the

like are required to be operated from onboard the vessel 14.
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The connectivity between the base 12 and vessel 14 also allows the above process to be
carried out in reverse, in order to allow the base 12 and turbine 10 to be retrieved from the
seabed B. The vessel 14 is positioned over and connected to the base 12, which can then
be winched into position beneath the vessel 12, and securely connected therebeneath for

transport back to shore or any other desired location.

It is preferable, prior to transporting the turbine 10 to the deployment site, that various tests
are undertaken on the turbine 10 and the base 12 while positioned adjacent to the quay Q.
Thus referring to figure 6, once the turbine 10 has been secured to the base 12, the base 12
and turbine 10 are lowered to the seabed B, while the vessel 14 remains adjacent the quay
Q. The lifting lines 20 are left secured between the base 12 and vessel 14 while the base
12 is positioned on the seabed B, in order to allow the base 12 and turbine 10 to be quickly
and easily retracted into position beneath the vessel 14 for transport to the deployment site
illustrated in figure 7. When the base 12 is positioned on the seabed B, various tests can be
carried out, for example testing/calibration of telemetry sensors (not shown) or the like
positioned on the base 12 and/or turbine 10. Once said testing has been completed, the
base 12 is winched back into position beneath the vessel 14, and the turbine 10 is then
again positioned above deck of the vessel 14. The vessel 14 can then be transported to the
deployment site as described herein before with reference to figure 7. If this testing
reveals any problems with any aspect of the turbine 10 or base 12, both can quickly be
removed from the water W due to being still positioned adjacent the quay Q. Indeed if
there is only a problem with some aspect of the turbine 10, then the turbine 10 could be
released from the base 12 and taken onto the quay for further testing and/or repair. The

base 12 could then be left secured beneath the vessel 14 to await the return of the repaired

turbine 10.

It is envisaged that the system of the invention may be used to deploy the base 12 onto the
seabed B without the turbine 10 mounted thereto, which would then be subsequently

connected to the base 12 by suitable means.

It will therefore be appreciated that the system and method of the present invention provide

a simplified yet highly efficient means of deploying a hydroelectric turbine 10, and
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minimises the requirement for heavy lifting equipment, eliminating the need for the use of

such equipment on board the vessel 14, in particular at the deployment site.
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Claims

1. A method of deploying a hydroelectric turbine including the steps of;
securing a base for the turbine beneath a vessel;
securing the turbine to a support of the base which projects upwardly through the
vessel;
transporting the vessel to a deployment site;
releasing the base from beneath the vessel,
characterised in that in the step of releasing the base from beneath the vessel, allowing

the turbine to pass through the vessel.

2. A method according to claim 1 including, in the step of securing the base, locating the
base on the bottom of a body of water;
positioning the vessel above the base;

and raising the base into position beneath the vessel.

3. A method according to claim 2 including the step of securing one or more lifting lines

to the base prior to locating the base on the bottom of the body of water.

4, A method according to claim 2 or 3 including, in the step of raising the base into

position beneath the vessel, utilizing load bearing means on the vessel.

5. A method according to any of claims 1 to 4 including the further step of adding ballast

to the base subsequent to securing the base beneath the vessel.

6. A method according to any of claims 1 to 5 including securing the support to the base

subsequent to securing the base beneath the vessel.

7. A method according to any of claims 1 to 6 including the further step of testing
various operating parameters of the base and/or turbine at a test location prior to

deploying the base at the deployment site.
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A method of deploying a hydroelectric turbine substantially as herein described in the
detailed description of the drawings section of the specification and the accompanying

figures.
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(57) ABSTRACT

This is a unique way for an anchored vessel at sea near an
isolated island or outpost to be able to generate electricity
and transfer it from within its hull for use onshore with an
electrical underwater cable for that community.

The floating vessel, or electrical station, is unique because it
is anchored in water wave action and has a total of (six) side
floats, moving up and down from water waves and these
floats and float arms are used as simple lever machines
rotating on the ship’s bow to transfer this energy to fresh and
recycled water inside the vessel by means of a water piston
and water pipes into a pressurized water tank for turning a
water turbine there, then recycling or pumping this water
again, and again for generating electricity within the body of
this floating vessel.
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HYDRAULICALLY WITHIN A FLOATING
SHIP OR VESSEL

(REFER TO PREVIOUS PROVISIONAL) U.S.
60/832550

[0001] This is a utility patent application
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BACKGROUND OF INVENTION

[0018] This final invention has come from ideas I origi-
nally conceived in the 1960’s while boating in the Pacific
Ocean off the coast of the states of Oregon and Washington,
U.S.A. I then started to develop a way to capture some of the
energy of water wave action to produce electricity. To show
an earlier time of conception before today’s date, I started
certified mailings to myself beginning Feb. 19, 1999 that
verifies work progress in the years of 1995 and 1996. [ have
several certified mailings to myself since to show my
progress on this invention.

[0019] In earlier conceptions of this invention I was trying
to carry this electric generating station only on a fixed
support from the floor of the ocean or body of water, as well
as trying to harvest tide and current action at the same time.
[0020] In 2002, I was using mechanical means with wire
cables and rotating cylinder to transfer the energy to the
generator, but now have the new idea of using only hydraulic
energy to turn the generator within the body of a vessel.
[0021] My latest conception includes the new way to
harvest water wave energy by using a specially constructed
float, plus the use of a water reservoir and water pump within
the vessel’s hull to receive and transport energy to the
generator located also in the hull for production of electric-
ity. My invention submitted herewith requires a floating
vessel to carry the electrical generating station.

BRIEF SUMMARY OF THE INVENTION

[0022] The object of this invention is to produce electricity
from the ocean water or large body of water by harvesting
some of the uplifting power or action of a water wave or
swell. The actual weight of a float being pulled down by
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gravity on the wave will transfer its weight as the energy to
the turbine to produce electricity. The float and float arm on
the vessel will be using the simple lever system as a
mechanical means to transfer this energy to the water pump.
One end of the lever system extending inside the hull of the
ship will pump and force fresh and recycled water into a
large water reservoir under pressure for use by an electrical
turbine on board the vessel . . . . This vessel will carry the
total and complete electrical generating station. Severe
storms or water action will not affect the delivery of uniform
energy towards the generator. Each float is delivering sec-
ondary or indirect energy from the waves, not the direct
force of a wave, because the float’s actual weight from
gravity will be the uniform energy necessary to pass on to
the electrical station, but not the direct energy from a rising
wave.

[0023] In actual use: The rising and falling floats located
at one end of the lever with their fulcrums attached to the
vessel’s bow, will move up against gravity on the water
wave to capture and store energy. The float’s weight, on the
down stroke, and sometimes out of and above the receding
wave, will transfer this energy at the opposite end of the
lever. This lever has an attached connecting rod extending
down into the vessel that can either pull the attached piston
directly up in a vertical direction to do work or change the
stroke of the water piston to a “pushing action” of the water
piston by employing a “cam and camshaft” between the
water piston and the end of the float’s arm. I will use the
camshaft method in this invention. This change of direction
will cause the water pump piston to be pushed down in the
hull instead of being pulled up directly by the connecting
rod. One side of the cam will be connected to a float arm
with a metal rod. The other end of the cam will be connected
to the water piston’s shaft, which will then move in the
opposite direction as it rotates on the camshaft itself. This
camshaft will change the pulling direction to a pushing
motion from the force of the connecting rod adhered to the
float arm. This pushing action now will transfer the energy
from the piston in the water pump to water that will go into
a large pressurized holding tank. This water tank now under
extreme pressure, will allow water to be forced into the
water turbine to generate electricity. This electrical energy
will carried to shore with a “submarine” or underwater
cable.

[0024] Some unique features have been added since the
original conception of this invention that I put on paper Apr.
1, 2002, plus simplification for efficient operation and less
maintenance for lasting operation of this floating electrical
station.

BRIEF DESCRIPTION OF THE VIEWS OF THE
DRAWINGS

[0025] Drawing #1

[0026] General view of the entire floating electrical station
with (6) floats

[0027] Drawing #2

[0028] General view of a float arm using the vessel’s side
as a fulcrum with a float at one end and a cam rod connected
to the opposite end and within the vessel’s hull, to operate
a water pump.
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[0029] Drawing #3

[0030] General view and location of two water pumps,
water holding tank, turbine, and water lines within the
vessel’s hull.

DETAILED DESCRIPTION OF THE
INVENTION

There will be (3) major parts for the invention

[0031] #1—Floating ship, hull, or vessel showing side
floats

[0032] #2—Floats and its hardware

[0033] #3—Water piston area and water flow plan
[0034] #4—Generator or hydro turbine

[0035] A floating (ship or) vessel can be used to produce

electricity anywhere in the world where there is some water
wave action. The use would be of particular importance for
isolated islands needing electricity, or communities on land
near the ocean without adequate electricity. The best loca-
tion for use should be where constant wave or swell action
for long periods of time exists.

[0036] A variety of cargo vessels with different lengths,
widths, and freeboard with open hulls can be used. A cargo
ship approx. 300 feet long would be best to carry this
electrical station. The open-type vessel with less than 40 feet
freeboard is suggested. There is a surplus of vessels world-
wide that could be adapted for this use.

[0037] The construction would allow for low mainte-
nance, easily floated to a new location, and built of materials
to withstand salt water and severe weather conditions. A
small fossil fueled motor would perform necessary functions
on board, such as raising anchors, maintaining drift, pump-
ing water, emergency electricity, air pressure for raising the
floats and maintaining an air supply in the pressurized water
tank, etc. Some of the electricity generated by ocean waves
might also be used for these tasks also. The floating vessel
will be equipped with (6) floats, three on each side, that are
moving up vertically from water or wave action. When
gravity pulls these floats down, the opposite end of the float
will rise up and do work within the vessel. The fulcrum of
this lever action is secured on the vessels side, between both
ends of the floats arms. A metal rod will tie the upper end of
the float’s arm to the cam below to change direction from a
pulling action to a pushing downward direction. The pushing
up action of the water piston will force water into a large
pressure tank. The pulling motion of the water piston will
pull water back into its chamber to be pushed out again.
Water will then be forced by this piston into the large and
pressurized water tank as energy. This water tank will force
water through a turbine nearby to generate electricity. The
electricity generated will then be transferred to shore. An
underwater or “submarine” cable would be used, available
worldwide.

[0038] The vessel should be moved in water by utilizing
either towing or pushing boats, consequently the motors,
fuel, and original hardware to operate or navigate the vessel
could be removed. A vessel with a “no motor” feature, and
“gutted out” can be purchased for less money, and would
have more room for the new use as an electrical station.
[0039] Anchoring the vessel from the bow to the seafloor
or lake bottom will help insure the hull of the vessel will
“trail” back from the wave action direction to produce the
best action for the floats. Extra anchors on this vessel should
be required. The hull can also be anchored or fixed stationary
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to a coastal or lake outcropping, cliff, or other solid anchor
point(s) on the shore, or, rising from the ocean or lake
bottom. This vessel will be purchased, built, or remodeled to
be very stable in the worst of weather, water or extreme
storm actions. The ship’s “Roll” and pitch action may help
the float action. Stabilizing plates for the vessel located in
the water could be used perhaps to get more float action from
consistent swells or waves, if the vessel is rising excessively
with the water waves. The float system will operate however
with any wave action. The floats, their support arms, or
beams, should be the only parts of this station exposed to the
weather. All other mechanical hardware will be below the
“deck” area or covered for protection from salt water or
weather.

[0040] The floats can have a plurality of shapes and sizes,
from long and cylindrical, round or rectangular, depending
upon water or wave action. Cylindrical floats may be best for
carrying a large amount of weight when the wave action is
coming from one direction. The shape of the floats will be
designed to insure the most lift from a swell or wave, also
built to resist high winds or storms. Each float with its
attached hardware (including the float arms extending within
the vessel) will weigh many tons. An electrical or mechani-
cal engineer, after knowledge of water waves in the area,
may choose the floats size and weight to determine the
maximum electrical output. The floats will be filled with
water, but the water reservoir within the float will hold air to
keep them floating, but just above its desire to sink below the
surface, and mostly “buried” within the water wave. The
water level within the float could be adjusted with a fixed air
pipe or hose along the floats arm, so the vessel’s auxiliary
motor could change its weight for best working weight, or
storms, travel, repair, out of service, etc. The floats can be
raised mechanically to an “out of service” position anytime.
The floats themselves could be made of tough plastic or
metal and strapped or adhered securely, or made part of the
float arm. Metal could add rigidity and weight. The float arm
itself will be of metal, reinforced with cable for strength. The
length of the float arm is about 80 feet, adjustable at the
extreme, upper end, extendable to about 20 feet more than
normal use within the confines of the vessel. In other words
the float arm head can be adjusted at any length from 0 to 20
feet longer than its shortest length. This upper end of the
float’s arm will carry the fixed hardware to push and pull the
water piston. The adjustable float arm’s head and cable
assembly will accomplish two things: #1, It will change the
energy the water piston receives from the float’s arm,
depending upon its length or distance from its fulcrum or
axle it pivots upon. It is ideal to have all float arm extensions
to be located from the fulcrum evenly on all float arms to
help receive and deliver the same energy. #2, the arms can
be extended or adjusted to reach or better fit the different
widths of different vessels as well as the ship’s curved bow,
where the float is pivoting and anchored at different loca-
tions. Any extra weight added to this upper end of the float
arm should be added to the lower end of the float arm, or the
float, to help enhance the weight of this lower arm so
maximum energy can be passed to the primary cylinder.

[0041] The float’s arm should be approx. 80 feet long,
with its fulcrum or pivoting axle, approx. 53.3 feet from the
extreme lower end of the float in the water to the side or bow
of the ship. The final 26.7 feet will be extended inside the
vessel from this pivot point, but note it has another approx.
20 feet, if needed, with its extension head. The float should
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have three support arms. The main and centrally located
float arm will begin on the top and center of the float in the
water, or at its farthest point from the vessel. The two
separate supporting side arms for this float will also start (or
end) on this topside of the float. From here, the side support
arms will widen to a maximum width of approx. 40 feet
away from where the center support arm is positioned on the
ship’s bow. This 80 foot float support with its three arms will
all share the same fulcrum or axle that is mounted upon the
vessel’s bow. The 40 feet of width allows the three arms of
the float to be anchored at three places on one main axle. The
center arm will be the strongest, as it must carry the major
weight of the float plus the arm’s weight extending beyond
the fulcrum to the center of the vessel. This center arm
carries the heavy hardware to do the work. This float arm
will support those two separate “side” arms of the float that
will help prevent twisting, or other damage due to the violent
wave action and will be secured or fixed or become perma-
nently attached to each other as one unit, and will be adhered
permanently to the fulcrum’s axle. The cylindrical axle thus
attached and holding up all three attached float arms, but at
separate locations, will be the fulcrum for the float as it
moves up and down. The fulcrum or axle holding the heavy
float arms will be attached very strongly to the vessel to
prevent damage in the extreme low and high positions as
well as the vessels pitch and roll actions. Again, the two side
arms of the float should be securely held to the main center
arm of the float to help withstand the twisting or damaging
effect of the water, weather, etc.

[0042] When the floats are in the lower than normal
position, they may stop upon hitting the side of the hull on
a large vessel. An additional padding material of softer very
resilient material could be permanently placed on the float’s
underside making contact to the hull, or the out of service
cable to raise the floats could be used as the stopping point
if needed occasionally. On a small vessel, a cushion could be
placed under the float arm to contact the hull of the vessel,
if ever necessary, in a gentle manner. These cushions should
have special shock absorbing qualities. The hull may have to
be reinforced where it may contact the hull at this lowest
float position if necessary.

[0043] Each float on the vessel should maintain the same
weight for producing the same energy or power. When
mounting the working floats from the bow to the stem of a
vessel, different distances from the bow to the centerline of
the vessel will occur. The floats fulcrum or pivoting axles
may be moved to conform to the rounding hull, or have the
extendable heads used which would change the distance to
the center of the vessel, but, again, would not matter. It is
necessary to have these axles holding the floats be parallel
to each other, or on the same horizontal plane.

[0044] The following paragraphs describe the fulcrum or
pivoting axle for the floats on a 300 foot or longer vessel.
[0045] The total length of the axles that are inside and not
the “end” axles holding the floats in place should be 45 feet.
The “end” axles can be 50 feet, but a minimum of 47.5 feet.
There will be room for (3) floats on each side, rotating on an
axle or fulcrum totaling 240 feet (each side), or 80 feet for
each float. The diameter of the axle or fulcrum should hold
the floats weight and hold the pitch and roll stress during
extreme weather. There will be two bearings and bearing
caps on the axle between the two outside arms of the float.
Between each float’s outside arm there will be another
bearing and cap separating these two arms. The axles will be
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split here for separate rotation for each float assembly
containing the three float arms of each float. The bearing and
cap should have a stop groove so each axle won't move
horizontally. All bearings should be alike, except the two end
bearings, which will not have a split axle in them. The axle
will be rigidly supported from the bottom and sides of the
vessel to hold the extreme weight of the floats, the float’s
support arms, and hardware. There will be a framework of
steel perhaps coming from the floor of the vessel, as the
base, to hold the float arms and the rotating axles. These
axles must be high enough for the float arms to clear the top
of the hull when moving up and down. The framework to
block up the float’s arm on the bow can be of different height
or thickness, but mounted primarily to support the float arms
and secondly to clear the top of ship’s hull when the floats
are at their lowest and highest positions.

In the Vessel’s Hull:

[0046] The connecting rod at the end of the float arm that
is extended downward within the vessel’s hull is working
within a steel pipe or cylinder in the vertical up and down
direction and its distance of travel is dictated by the height
of the wave at the other end of this float arm. This action will
pump water under pressure to a main line on this side of the
vessel that all three float areas and water pumps are using
together. This water line will go to the large, high pressure
tank that will then keep supplying the turbine with high
pressured water at an even rate. After the water has passed
through the turbine, it will pool up in a small reservoir, then
flow by gravity in one pipe that is shared by each side of
three working water pump stations. This will help disallow
air to entrain itself into the water. The pressurized water tank
can be placed at any elevation that is close to the turbine, but
the turbine must be placed above the recycled water supply
and return water pipe to the water pumps for gravity to flow
the water back to the water pumps. There can be several
methods used to supply the water from the piston to the
water tank receiving the water pressure. This invention will
use the following water pipe and valve plan:

[0047] There will be only one collector pipe on each side
of the vessel that will transfer the high pressure water from
all three water pumps on their respective side to the water
holding tank. This one pipe will collect all water pumped
from one side of the vessel from the three water pumps and
deliver it into the holding tank. There will be “check valves”
installed close to the water pump and for extra safety, close
to the holding tank also, so water pressure is not lost. Water
used by turbine will be recycled and collected in a small
lagoon, or open tank type structure. There will be only one
recycled water pipe from the base of this water reservoir to
supply all three water pistons on their respective sides. This
water will be fed to the pumps from the force of gravity.
There is the possibility that for reasons of placement, or
location of the turbine, a closed pipe system using some of
the water pressure from the water tank could be used to force
the water to the pumps for its re-use.

Water Pumps:

[0048] There are pluralities of water pumps that can be
used, however, I will use the following one in this invention.
The water pump will consist of a water piston, a connecting
rod from it to the camshaft’s cam, and the pipe or metal
cylinder it is fitted into. The water piston’s cylinder is
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secured to the bottom of the vessel at the correct elevation
for the water piston to operate in at a safe length so that the
piston will not touch the chamber’s extreme end. This
cylinder or water pipe will extend upwards to the cam, but
not to touch or contact it when the piston is at its extreme
position due to high water wave action. Both the high
pressure valves and water return check valves are located
below the head of the piston. This will allow the top of the
piston’s cylinder to be open for the connecting rod from the
float’s arm to work and not touch the cylinder wall. It will
also allow any excessive water forced around the piston
rings from pushing water to be expelled for recycling. 12 or
more inches of water should be sufficient above, or behind
the piston to disallow any air to be sucked along the walls
of the piston while it is sucking in water from the front of the
head.

The Camshaft:

[0049]
arms)

(To change direction of the energy from the float
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[0050] The camshaft tower should be welded to the bot-
tom hull of the vessel and directly below the end of the upper
float arm area. There will be extreme force on the cam-shaft
to be lifted upwards due to the heavy weight of the float. The
bottom half of the cam and the cam-shaft will be made
strong with heavy metal to withstand this force. The top half
of the covering on the cam-shaft need only to hold the
camshaft together properly.

1.1 claim that the use of a cargo vessel or a ship anchored
in the ocean carrying side floats and producing electricity
with fresh water through a water turbine inside the vessel’s
hull from the energy of water waves is new.

2. I claim that by using a float and a float’s rigid arm in
anew way as a simple class #1 simple lever system with the
float on the water at one end, and its fulcrum anchored and
rotating on the bow of a floating ship or vessel, and the
opposite end with a vertical rod extending downward into
the ship’s hull to operate a water pump that recycles fresh
water within this hull is new.

® 0k % % %
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WAVE POWER PLANT AND TRANSMISSION

RELATED APPLICATIONS

[0001] This application claims priority and benefit from
Swedish patent application No. 0800395-6, filed Feb. 20,
2008, and Swedish patent application No. 0802165-1, filed
Oct. 10, 2008, the entire teachings of which are incorporated
herein by reference.

TECHNICAL AREA

[0002] The present invention relates to a wave power plant
for extraction of electrical energy from motions of water
waves, a method of extracting electrical energy from more or
less intermittent mechanical energy, such as more or less
periodical motions in a body, and a transmission for power
plants to be used when such more or less intermittent
mechanical energy is available.

BACKGROUND

[0003] Wave power has a large potential of becoming cost
efficient since the energy density in ocean waves is very high
(approximately 1000 times higher than in the wind), this
allowing small wave energy converters in relation to the
capacity thereof. Furthermore, wave energy is more predict-
able than for instance wind power since waves are built by the
wind during a long period of time and then continues as swell
also after the wind has subsided. This results in slow varia-
tions in the average energy content of the waves, which gives
system advantages when wave energy converters are con-
nected to the general electric power distribution network.
[0004] A reason why, in spite of this potential, there are so
few competitive solutions today is that wave energy is diffi-
cult to master. The ocean is a rough environment with high
material stress. In stormy weather the energy levels can be a
100 times higher than normal. The wave motion is oscillating
and with never ceasing variations in height, length and time
period (velocity) from wave to wave, this giving large varia-
tions in the energy absorbed by a wave power plant. For direct
driven operation, i.e. when the generator in the wave power
plant is driven according to the momentary motion of the
wave, this results in a low utilization of the power plant, i.e.
the so called capacity factor takes a low value. The power of
the generator shifts between zero and a top level twice every
wave period. The top level may also change very strongly
from wave to wave. The general electric power distribution
network requires relatively stable levels, both in delivered
power and voltage, this resulting in that the electrical control
systems for this kind of wave energy converters must, after
the generation, make the levels of these more even. Also, the
uneven levels results in a costly over-dimensioning of the
total electrical system of a wave power plantin order to obtain
a proper handling of the top power levels.

[0005] To make wave power competitive a wave power
plant is required that can efficiently absorb the wave energy at
the same time as the motive force on the generator is leveled,
so that a higher capacity factoris obtained. Also, a low system
complexity and an efficient use of components are required.
The structure of the wave power plant must also be storm
proof and have a long life-cycle, and low operational and
maintenance costs that can be achieved by a construction
allowing long service intervals and includes wearing parts
that can be easily accessed.

Jan. 27,2011

[0006] Wave power technology has been developed for a
long period of time but so far it has not been possible to arrive
at a method or a design of a wave power plant, where it has
been possible to combine the necessary properties as
described above.

[0007] A frequent method of capturing the energy of water
waves is to use the vertical motion of the water. Installations
that use such technology are sometimes called “point absorb-
ers”. One way of using the vertical motion incorporates a
buoy having a bottom foundation and an anchor wheel. The
bottom foundation is firmly positioned at the sea-floor and is
connected to the buoy which follows the ocean surface, i.e.
the wave motions. When the surface rises and thereby lifts the
buoy, a motive force is created, which is converted to a rota-
tional motion by a driveshaft connected between the founda-
tion and the buoy or by a wire or chain, which runs over an
anchor wheel journalled in bearings at the buoy or in the
foundation and which at an opposite end is connected to the
foundation or the buoy, respectively. The motive force
increases due to the increased motion speed of the waves
when the wave height becomes higher. The rotational direc-
tion and speed of an anchor wheel, is such a wheel is used, is
directly dependent on the vertical direction and motion speed
of the waves. However, this is not optimal for coupling a
conventional generator to the anchor wheel to produce elec-
tric energy.

[0008] In order to make a wave power plant driving a con-
ventional rotating generator efficient, the vertical motion of
the waves must be converted into a unidirectional rotational
movement, and the rotation speed of an electrical generator
connected to the transmission must be stabilized. In a device,
as described above, using a driveshaft, wire or chain, which is
secured to the sea bottom or in a frame structure and which
runs along or over an anchor wheel journalled in a buoy, this
problem can be solved in the following way. When the buoy
1s lifted by a wave, a motive force over the anchor wheel is
created. Thereupon, when the wave falls, an anti-reverse
mechanism is disengaged and the anchor wheel is returned by
a counterweight. Then, the motive driving is only active dur-
ing the rise of the wave and ceases completely when the wave
sinks, which is not satisfactory. Attempts have been made to
reverse the rotation direction, so that an electrical generator
driven by the anchor wheel is driven by the counterweight in
the same direction also when the wave sinks. It has also been
attempted to reverse the rotation direction of the generator.
However, changing the rotation direction of a mechanical
transmission or of the generator twice for every wave period
results in heavy mechanical wear. Even though the rotation
direction can made unidirectional by the transmission, the
rotation speed follows the speed of the vertical motion, this
causing that the power output from the generator varies
according to the speed of the wave motion. This givesto a low
capacity factor and high attenuating effects since the mass of
the generator all the time alternatingly be accelerated and
decelerated. In order to make the motive force and rotation
speed of a generator using a mechanical transmission mul-
tiple buoys can cooperate, a phase shift existing between the
buoys. However, this only works optimally in the case where
the buoys are evenly distributed over a wave period, which
very seldom occurs the length and speed of the waves always
vary. Also, the transmission system becomes more complex
and hence hydraulic mechanisms are frequently used in sys-
tems of this type. However, hydraulic devices results in com-
plex systems having large transmission losses. A wave power
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plant of the type described above is disclosed in the published
French patent application 2869368, which comprises a float-
ing platform or buoy. Lines run over pulleys at the buoy, one
end of the lines being attached to the bottom and the other end
carrying a counterweight. The rotation of the pulleys is trans-
ferred to generators. The rotation speed and power output
from the generator vary according to the motion of the waves.
A similar wave power plant is disclosed in U.S. Pat. No.
4,242,593, which drives a wheel or pulley in the buoy only
when it is rising. A gearbox is provided for gearing up the
rotation speed of the wheel or pulley in the buoy to make it
suitable to be used for driving a generator. In U.S. Pat. No.
5,889,336 and the published Japanese patent application
11-6472 a similar wave energy plant is disclosed including a
chain which at one end is attached to a bottom foundation end
and at its other end has a counterweight. The chain passes
over a chain pulley in a buoy. The chain pulley is connected to
a generator through a directly acting transmission, which is
arranged so the generator always rotates in the same direc-
tion. The rotation speed depends on the speed of the vertical
motion of the buoy.

[0009] A wave power installation of a somewhat different
type is disclosed in U.S. Pat. No. 4,241,579. A driveshaft is
mounted to be elevated and sunk between the water surface
and the bottom. A number of buoys are by wires connected to
counterweights and the lines pass around the common drive-
shaft for driving only when the respective buoy. In the pub-
lished British patent application 2062113 a wave energy con-
verter is disclosed including a plurality of different drive
mechanisms, each one of which comprises a buoy and a
counterweight/bottom foundation/additional buoy and which
act on a common driveshaft through one-way couplings. In
the published French patent application 2339071 a buoy is
used, which is connected to one end of a chain and by the
chain drives a driveshaft placed above the water surface to
rotate. The other end of the chain carries a counterweight,
which is also placed above the water surface. The connection
to the driveshaft is of a unidirectional type and the driveshaft
may be driven by several such buoys through chains.

[0010] In the published International patent application
WO 2005/054668 a wave energy plant including a buoy
which is attached to an end of a line is disclosed. The other
end of the line is more or less wound up around a drum placed
on the bottom of the sea. The drum is connected to a return
spring and a generator and drives the generator in both the
rising and sinking motion of the buoy. In the wave energy
plant according to the published International patent applica-
tion WO 03/058054 the buoy acts as an winding drum for a
line, the lower end of which is connected to a bottom foun-
dation. A return spring, a gear up mechanism and a generator
are located inside the drum. The generator is driven in both the
rising and sinking motion of the buoy.

SUMMARY

[0011] Itisan object of the invention to provide an efficient
wave energy plant.

[0012] In awave energy plant energy from water waves in
a pool of water during parts of the motions of the water waves
is absorbed for driving an electrical generator. However, part
of the absorbed energy is temporarily accumulated or stored
in some suitable mechanical way for driving the electrical
generator during other parts of the motions of the water
waves. Thereby, an equalization over time of the motive
force, which drives the electrical generator, can hereby
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achieved. For the temporary mechanical accumulation of
energy a change of potential energy can be used, such as
variations of the potential energy of a suitable body. For
example, the change of potential energy can be based on
elastic forces or on gravitational forces. In the latter case a
floating body can be used, i.e. a body having a density lower
than that of water, which is located at a varying distance from
the water surface and hereby indirectly uses the gravitational
forces. The body used for accumulation of energy can in the
same case alternatively be a counterweight, i.e. a body having
a density higher than that of water, which uses the gravita-
tional forces in a more direct way. The body may in these
cases be connected to some elongated means, such as a line,
wire or chain, which in the case where it is flexible can be
more or less wound around a counterweight drum. The coun-
terweight drum can be journalled at a buoy or at a stationary
rack or frame placed on or attached the bottom of a pool of
water. The counterweight drum can in one case be mechani-
cally connected to a rotating part of an electrical generator
and the weight or buoyancy of the body is used for continu-
ously driving the counterweight drum to rotate in an opposite
relative rotational direction compared to the rotational direc-
tion of a driveshaft, which is connected to another elongated
means, also here for example a line, wire or chain.

[0013] The driveshaft is mechanically arranged for a uni-
directional rotation only, driven for example by the rising or
sinking motions of a water surface or more particularly by
alternatingly rising and sinking movements and/or alternat-
ing tilting, back and forth movements of a buoy, i.e. a body
having a density lower than that of water, which is floating at
the water surface, or alternatively by some other form of
oscillatory movement or combination of oscillatory move-
ments in the waves or in the water. The electrical generator is
in the above mentioned cases mechanically connected in a
transmission path between the driveshaft and the counter-
weight drum. The electromagnetic coupling between the
parts in the electrical generator over the air gap of the gen-
erator gives a limited torque in relation to the rotation speed of
the generator, the mechanical torque provided by the coun-
terweight drum and the electrical load of the generator. When
the driveshaft is rotating faster than the rotational speed in the
generator, the counterweight drum is rotated in a first rota-
tional direction, this causing the counterweight to be hoisted
up, thereby accumulating potential energy. When the drive-
shaft is rotating slower than the rotation speed in the generator
or is still-standing still, the counterweight drum rotates in a
second rotational direction, this causing the counterweight to
be lowered, thereby releasing potential energy.

[0014] As an energy accumulation device, which uses elas-
tic forces, an elastic or resilient mechanism may be used, in
which the energy is accumulated as a tension in a spring or
generally as elastic energy. Such an elastic device may in a
different case comprise a container for accumulation of
energy as a gas pressure. The container may then be con-
nected to a combined compressor or gas pump and a pneu-
matic motor such as a scroll pump. This device may have one
moving part directly connected to one of the parts of the
generator.

[0015] 1Insuch a wave energy plant it is possible achieve,
using an energy accumulation device, also called energy stor-
ing device, and suitable couplings, an equalization of the
kinetic energy of the water waves in an efficient way, so that
the generator can be driven to continuously generate electric-
ity at a relatively even level.
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[0016] Generally, a wave energy plant or in its most com-
mon form a power plant using movements, such as more or
less periodic motions, of the water of a pool of water, can
comprise:

[0017] Abuoy orother device, which is arranged at or in the
pool of water to be made, in some way, to move by move-
ments of the water in the pool of water. Then, the buoy or
the other device is constructed and placed so that it itself,
because of movements in the water, obtains movements,
which alternate between a movements in one direction and
a movement in another direction that is different from the
first direction. The movements in the water can comprise
wave movements in the water or at the surface of the water,
alternating movements, i.e. alternating back and forth
movements in the water or at the surface of the water or
generally movements alternating between a movement in
one direction and a movement in another direction in the
water of the pool of water. In the case of a buoy, floating at
the surface of the water in the pool of water, this can mean
that the buoy. at the up and down movements of the water
surface, alternatingly rises and sinks and/or alternately
rocks or tilts back and forth. In general then, the buoy has
an average density lower than that of water. The other
device arranged at or in the pool of water may for example
comprise a body having the same density as or a higher
density than that of water, which is designed to follow the
movements of the water, or a device that is being alter-
nately compressed and expanded due to pressure differ-
ences in the water which occur when water waves pass.

[0018] A driveshaft, which is rotationally journalled at
some part of the wave power plant. In different designs, it
can be journalled at the buoy or at the other device. Alter-
natively it can be journalled for rotation at a device that is
rigidly attached to the bottom of the pool of water, or
generally to some device arranged to counteract the move-
ments of the water in the pool of water, such as a body
having a relatively large mass or weight.

[0019] A first elongated means, which both 1s connected to
adevice arranged to counteract the movements of the water
in the pool of water, for example a fixed point at the bottom
of the pool of water or a body having a relatively large mass
or weight, or to the buoy, respectively, depending on the
place where the driveshaft is mounted, and is connected to
the driveshaft. The first elongated means may be a flexible
means, such as a line, wire or chain, but it can also be stiff,
in that case for example comprising a rack gearing seg-
ment.

[0020] An electric generator connected to the driveshaft
and comprising two parts that are rotatable in relation to
each other, a first part and a second part, often called rotor
and stator, respectively. An air gap exists between the two
rotatable parts.

[0021] An accumulation device for temporary mechanical
storage of energy as described above.

[0022] The buoy or the similar device is arranged and the

buoy or the other device, the first elongated means, the device

arranged to counteract the wave movements, the driveshaft
and the energy accumulation device are connected to each
other, so that the connection between the first elongated
means and the driveshaft makes the driveshaft rotate, substan-
tially for first movements of the water surface or for first
movements of the buoy or the similar device, in only one
direction, thereby driving said two part of the electric genera-
tor to rotate in relation to each other in a first direction and
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generate electricity and at the same time also supply energy to
the accumulation device. Thus, energy from the rotation of
the driveshaft is hereby partly converted to electric energy,
which is delivered from the electric generator, partly to
energy which is stored in the energy accumulation device.
The first movements can for a buoy be the movements into
which the buoy is set by either one of the up- or down-going
movements of the water surface.

[0023] The energy accumulating device is arranged to
drive, for substantially second movements, that are substan-
tially different from the first movements, of the buoy or the
similar device, said two parts of the electric generator to rotate
in the same first rotation direction in relation to each drives
said two parts of the electrical generator to rotate in relation to
each other. The second movements can for a buoy be those
movements, into which the buoy is set by second of the up and
down going movements and thus are substantially different
from said either one of the up and down going movements of
the water surface.

[0024] The first movements of the buoy or the other body
can take place in a direction, which is mainly the opposite the
direction, in which the second movements of the buoy or the
other device are made. Thus, the first movements can take
place in a forward direction whereas the second movements
take place in a backward direction, either as a translation
movements, for example up or down, or as a rotational
motion, i.e. angularly, or as a combined translation and rota-
tional movement.

[0025] The driveshaft may be mechanically connected, for
example via a mechanical gear, to the first part of the electric
generator. An electromagnetic coupling exists in a conven-
tional way over the air gap between the first and second parts
of the electric generator at least when these parts are moving
inrelation to each other. The energy accumulation device may
in one special embodiment be mechanically connected to the
second part of the electric generator.

[0026] The connection of the energy accumulation device
to the driveshatft via the electromagnetic coupling over the air
gap between the first and second parts of the electric generator
gives a motive force, which counteracts to the rotation of the
driveshaft when the driveshaft is rotating, by the connection
between the first elongated means and the driveshaft, and
thereby is driving the first part of the electric generator. Then,
in the above mentioned special embodiment, the second part
of the electric generator can rotate in a first direction due to
the coupling to the drive shaft through the electromagnetic
coupling over the air gap and the first part of the electric
generator, when the motive force which s acting on the drive-
shaft through the coupling between the first elongated means
and the driveshaft exceeds the counteracting motive force,
energy being accumulated in the energy accumulation device
due the mechanical coupling thereof'to the second part of the
electric generator. At the same time, the first and second parts
of the electric generator are rotating in the same first direction
in relation to each other. Furthermore, the second part of the
electric generator is driven by the energy accumulationdevice
to rotate in the same first direction substantially when the
motive force, which acts on the driveshaft through the cou-
pling between the first elongated means and the driveshaft,
does not exceed the counteracting motive force. Hereby, the
first and second parts of the electric generator are made to
continue to rotate in the same first direction in relation to each
other also in this case.



US 2011/0018275 Al

[0027] As has been mentioned above, a mechanical gear
may be arranged for coupling the driveshaft to the first part of
the electric generator. The driveshaft is then suitably con-
nected to an input side of the mechanical gear and the first part
of the electric generator is mechanically connected to a first
output side of the mechanical gear. In this case, the second
part of the electric generator can be rigidly attached to the
buoy, if the energy accumulation device is connected to a
second output side that is different from the first output side of
the mechanical gear. A mechanical gear can generally be
regarded to comprise one input side having an input shaft and
two output sides, where one of the output sides comprises an
output shaft and another output side comprises a housing or
enclosure of the mechanical gear, also see the discussion
below of only the transmission included in the wave energy
plant. For example a planetary gear, the input side may com-
prise a shaft connected to the planet gear carrier and the two
output sides correspond to shafts connected to the sun gear
and ring gear, which may be connected to a second shaft or the
housing of the planetary gear.

[0028] Inthe case including a buoy, the buoy can comprise
a space which functions as an air pocket and in which at least
the main part of the driveshaft is mounted as well as other
rotating parts, such as winding drums, in the case where such
are provided and couplings between them. Such an air pocket
can be a space filled with air, which at its bottom 1s delimited
by a water surface and the other sides of which are different
surfaces of the buoy. Then, the air pocket may be formed by a
recess in the bottom surface of the buoy.

[0029] The energy accumulation device can in one embodi-
ment comprise a counterweight, arranged as a lead, to also
move upwards for said first movements of the buoy or the
other device, thereby increasing its potential energy. The
coupling of the buoy or the other device, the first elongated
means, the driveshaft and the counterweight to each other is
then suitably arranged so that the counterweight moves
downwards, for said second one ofthe movements of the buoy
or the other device, thereby driving the parts of the electric
generator to rotate in relation to each other in the first rota-
tional direction. In the case of a buoy, this can for example
mean that, for the first movements, when the buoy e.g. is
moving upwards, the counterweight is also moving upwards
adistance, which is greater than the vertical distance in which
the buoy then vertically moves.

[0030] The energy accumulation device can in the same
embodiments comprise a counterweight drum which is rota-
tionally mounted to the driveshaft and a second elongated
means for coupling movements of the counterweight to make
the counterweight drum rotate. The second elongated means
can be flexible or can be a flexible means such as a line, wire
or chain, which at a lower end is attached to the counterweight
and at its upper end is more or less wound around the coun-
terweight drum. Furthermore, the driveshaft is connected to
drive the first part of the electrical generator to rotate and the
counterweight drum can in a first case be coupled to rotate the
second part of the electric generator, so that the electric gen-
erator generates electric current when its second part is
rotated in relation to its first part and at the same time gives a
torque counteracting this rotation. Hereby, the first and sec-
ond parts of the electric generator can be made to always
rotate always in the same first direction in relation to each
other.

[0031] Inasecondcaseamechanical gearcan be connected
between the driveshaft and the first part of the electrical
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generator. In this case the driveshaft is connected to an input
side of the mechanical gear, the second part of the electric
generator is rigidly attached to the buoy or the other device
and the counterweight drum is mechanically coupled to a
second output going side different from the first output side of
the mechanical gear. The driveshaft can hereby, for said first
movements of the buoy or the other device, provide motive
forces on both of the output sides of the gear, in order to rotate
the first part of the electric generator and to rotate the coun-
terweight drum to elevate the counterweight in relation to the
driveshaft. The counterweight drum can, for said second
movements of the buoy or the other device, provide a motive
force, through its coupling to the second output side of the
gearbox, in order to rotate the first part of the electric genera-
tor.

[0032] Furthermore, in the case including a counterweight
and a counterweight drum, an electric cable for the electric
connection of the generator can be provided which extends
from the generator to the counterweight drum and is partly
wound around it, which therefrom extends to a non floatable
part which is slidable along the first elongated means and to
which it is rigidly connected, so that the sliding part can be
maintained at a constant distance beneath the counterweight,
and which electric cable extends from the slidable part up to
the water surface to be further connected to an electric load.
This may allow the wave energy converter to turn in the
horizontal plane, such as when the direction of the water
waves changes, without causing the electric cable to be
entangled with the first elongated means.

[0033] An anchor drum can be mounted for unidirectional
rotation around the driveshaft and further be coupled to the
first oblong organ to make the anchor drum rotate for the first
ones of the movements of the buoy or the other device, and
thereby also making the driveshaft rotate. The first elongated
means can be flexible, i.e. be a flexible means such as a line,
wire or chain, which at one end is more or less wound around
the anchor drum. A mechanism can be provided for rotating,
for the second movements of the buoy or the other device, the
anchor drum so that the flexible organ is kept in a tensioned
state. Hereby. in can also be counteracted that the wave
energy plant is moved away along the surface of the water.
The mechanism can for example comprise a mechanical cou-
pling between the energy accumulation device and the anchor
drum or comprise an electric motor.

[0034] The bearing for the anchor drum, which only allows
a unidirectional rotation around the driveshaft, at the same
time allows the anchor drum, when rotating in the opposite
direction, to drive the driveshaft to rotate in the opposite
direction, which is the above said only one direction. This
bearing can comprise a coupling for limiting or disengaging
the motive force with which the anchor drum then acts on the
driveshaft.

[0035] A control system for controlling the electrical load
of the electric generator can be provided that is arranged to
adapt the rotational speed between the first and the second
parts of the electric generator. In the case where the energy
accumulation device comprises a counterweight or a floating
body, control of the electrical load can also be used for adapt
the vertical speed of the counterweight or of the floating body,
respectively, whereby it also becomes possible for the coun-
terweight or the floating body, respectively, to only move
within an adapted or suitable vertical range. The control sys-
tem can also be arranged to compensate for variations in the
torque, which is caused by the inertia of the mass of the
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counterweight or the floating body, respectively, by adjust-

ment of the rotation speed between first and the second parts

of the electric generator. Hereby it can be achieved that the
electric generator is capable of supplying a continuous, even
power.

[0036] Thewave energy converter may have one or more of

the following characteristics and advantages:

[0037] 1.Accumulation of energy according to the descrip-
tion above can be used for equalizing the energy of the
water waves and thereby generate electricity at an even
level, which gives a high capacity factor of the generator
and associated power electronic circuits and connections,
and a low complexity of the electric power system.

[0038] 2. Excess energy from large waves can be accumu-
lated and used over time to compensate for shortage in
smaller waves, which contributes to the high capacity fac-
tor.

[0039] 3.Absorption of energy from the water waves can be
limited while full power can be maintained even during
very heavy wave conditions. This contributes to the high
capacity factor, but it also works as a very simple and
efficient storm protection system where the wave energy
plant all the time works in harmony with the waves, only
absorbing the amount of energy that it has a capacity to
convert.

[0040] 4. The power output of the generator can be con-
trolled by the fact that the rotation speed of the generator
can be adapted to the average rotation speed of the drive-
shaft. This brings about that the wave energy plant can
deliver an even power level in relation to the current wave
climate.

[0041] 5. The wave energy plant is highly scalable and its
capacity and pattern producing electric power can be opti-
mized for specific wave climates for the highest cost effi-
ciency.

[0042] 6. The wave energy planthas a completely mechani-
cal transmission having a high efficiency, which in simple
way converts the oscillating wave movements into a uni-
directional rotation, well adapted to a standard electric
generator having a rotating rotor.

[0043] 7. The construction can for example mainly be made
from concrete, a cheap material which is well tested for
ocean environment.

[0044] 8. Ancelectronically adjustable sliding clutch may be
used, which is arranged to influence the winding of a line
between a bottom foundation and the buoy and which also
makes it possible to adjust the force which is needed to
maintain the horizontal position of the wave energy plant.
Such a sliding clutch may replace and enhance the function
of a counterweight, here called a lead, which is often used
in similar constructions.

[0045] 9. An anchor drum, which is mechanically con-
nected to the driveshaft, can be used for more or less winding
the second elongated means, according to the wave move-
ments. Several revolutions of the anchor line can be wound
around the anchor drum and hence it has no technical limita-
tions for wave heights that the installation can handle. The
buoy follows the surface of the water in a harmonic way for all
wave sizes without reaching any end position, which contrib-
utes to the fact that the wave energy plant can very efficiently
absorb wave energy, in spite of varying wave heights and at
the same time the strain on the construction during storm
conditions is minimized.
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[0046] 10. Mechanical couplings may be provided, so that
if the electrical generator is supplied with electric energy
from an external source and acts as an electrical motor, the
anchor drum can be controlled to move to perform a con-
trolled winding of the line. This can confer to the wave
energy plant the property that it can be assembled on shore
before it is towed to the installation site thereof.

[0047] 11.The installation can be done with a minimum of
manual assistance. It is mainly only an electric cable that
has to be manually connected, which can be done at the
surface of the water from a boat. A bottom foundation,
which is connected to the second elongated means, and the
counterweight are attached to the buoy during transport to
the installation site and then they can be released by control
of mechanic couplings/locking devices.

[0048] 12. The wave energy converter can easily be
designed to be suitable for different installation depths.

[0049] 13. A gearbox can be used to increase the rotation
speed of the electrical generator, this allowing the use of a
smaller and more resource efficient high speed generator.
Such a gearbox can also make it possible to permanently fix
the second part of the electric generator, the stator, to the
buoy, by connecting the gearbox to the counterweight
drum, which can simplify the electrical connection and
encapsulation of the generator and reduce the rotating mass
in the construction.

[0050] Generally, as described above, a method of extract-
ing electric energy from more or less periodic movement of a
body, such as repeated upward and downward movements
and/or tilting movements in two opposite directions can com-
prise the following steps.

[0051] For first movements of the body, these movements
can drive two parts of an electric generator to rotate in
relation to each other in a first direction and thereby gen-
erate electric current and at the same time provide
mechanical energy to an energy accumulation device.

[0052] For second movements of the body, which are sub-
stantially different from the first movements, the energy
accumulation device can drive the two parts of the electri-
cal generator to rotate in the same first direction in relation
to each other and thereby generate electric current having
the same polarity as during the first movements of the body.

[0053] The transmission used in the wave energy converter
as described above can independently be used in other cases
of power generation, where a driveshaft is driven intermit-
tently, with changing directions and/or with varying speeds
and/or torques. Generally, the transmission then comprises a
driveshaft that is arranged to be driven and that by some
suitable device, if required, always can be made to rotate in
one rotational direction. Furthermore, an electrical generator
coupled to driveshatt is provided, which generator comprises
two parts that can rotate in relation to each other, and an
energy accumulation device. The driveshaft drives the two
parts of the generator to rotate in relation to each other in a
first direction and thereby generate electric current. The
energy accumulation device is coupled with the driveshaft
and the electric generator, so that the driveshaft by its rotation
can also supply energy to the energy accumulation device and
so that the energy accumulation device can later deliver its
stored or accumulated energy to cooperate in driving the parts
of the generator to rotate in the same first direction in relation
to each other. Thereby, electric current can be generated hav-
ing the same polarity, when the rotational speed and/or the
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torque of the driveshaft is/are insufficient to drive the parts of
the generator to rotate at a maintained rotational speed.
[0054] In the transmission, the driveshaft can be mechani-
cally connected to the first one of the parts of the electrical
generator. In the generator there is, as conventionally, an
electromagnetic coupling over an air gap between the first and
the second part, at least during their movements in relation to
each other, which the coupling gives some torque between the
two parts. The energy accumulation device can in a first case
be mechanically coupled to the second part included in the
electrical generator.

[0055] Furthermore, in the transmission a gearbox, e.g. a
planetary gearbox, can as described above be connected
between the driveshaft and the generator, so that the drive-
shaft is mechanically connected to the input side of the gear-
box or generally to a first rotational part of the gearbox. An
output side of the gearbox or generally a second rotational
part of the gearbox is then arranged to be driven from the
outside to rotate with a varying rotational speed and/or torque
in one rotational direction. One of the two parts of the elec-
trical generator is mechanically coupled to another output
side of the gearbox, generally a third rotational part of the
gearbox, and the energy accumulation device is mechanically
coupled to the second part of the generator. The first and
second rotational parts of the gearbox can then cooperate to
for example drive the third rotational part of the gearbox to
rotate with a rotational speed higher than the rotational speeds
that each of the parts by itself can achieve when the other of
these parts stands still or is not driven.

[0056] The gearbox should in any case have the following
functions:
[0057] When the first rotational part is driven from the

outside, the second and the third rotational parts are also

made to rotate.
[0058] When the first rotational part is not rotating, the third

rotational part can drive the second rotational part to rotate.
[0059] The first, second and third rotational parts can also
be arranged to rotate around the same geometric rotational
axis, i.e. be coaxially mounted.
[0060] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
methods, processes, instrumentalities and combinations par-
ticularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] While the novel features of the invention are set
forth with particularly in the appended claims, a complete
understanding of the invention, both as to organization and
content, and of the above and other features thereof may be
gained from and the invention will be better appreciated from
a consideration of the following detailed description of non-
limiting embodiments presented hereinbelow with reference
to the accompanying drawings, in which:

[0062] FIG.1is a schematic image of a wave power instal-
lation comprising four separate wave energy plants,

[0063] FIG. 2a is a side view of a wave energy converter
including a counterweight,

[0064] FIG. 25 is a front view of the wave energy plant of
FIG. 24,
[0065] FIG. 2c is a sectional view of a wave energy plant

having an alternative suspension of a power train,
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[0066] FIG. 2d is a different sectional view of the wave
energy plant of FIG. 2¢,

[0067] FIG. 2¢ is a view from underneath only comprising
a buoy including steering fins, an anchor drum and a coun-
terweight drum according to FIG. 2¢,

[0068] FIG. 2f'is a view from underneath of the wave
energy plant of FIG. 2¢ which also shows an air pump,
[0069] FIG. 2g is a top view of a power train for a wave
energy converter mounted in a frame,

[0070] FIG. 3a is a front view of a power train including
winding drums, a driveshaft and a generator in the wave
energy plant of FIG. 2aq,

[0071] FIG.3bisaview similarto FIG. 3a in which parts of
a generator are schematically shown and in which a spiral
spring is used as an energy accumulation device,

[0072] FIG. 3¢ is a front view of winding drums having
specially designed winding surfaces,

[0073] FIG. 3d s a schematic of a power train comprising a
generator having a stationary stator,

[0074] FIG.3eisa front view of a wave energy plant includ-
ing a frame for interconnecting two counterweights,

[0075] FIG. 3fis a top view of the frame of FIG. 3e for
interconnecting two counterweights,

[0076] FIG. 4 is a front view of the wave energy plant of
FIG. 2a having a specially designed electric cable connec-
tion,

[0077] FIG. 5a is a detail view of an anchor drum and its
couplings located at the shaft,

[0078] FIG. 55 is a view similar to FIG. 5a for a different
design of the couplings,

[0079] FIG. 5¢ is a schematic of an anchor drum having
couplings designed in yet another alternative way,

[0080] FIG. 54 is a diagram illustrating a control rule for
engagement and disengagement of a slipper clutch,

[0081] FIG. Be is a schematic view of a claw clutch in an
engaged state,

[0082] FIG. 5fis a schematic view of a claw clutch in a
disengaged state,

[0083] FIG. 6 is a detail view of a mechanical coupling for
return feed between an anchor drum and a counterweight
drum,

[0084] FIG. 7a is a front view of an alternatively designed
wave energy plant including counterweights,

[0085] FIG. 7bis a front view of an alternatively designed
wave energy converter including buoys instead of counter-
weights,

[0086] FIG. 7¢ is a front view of yet another alternatively
designed wave energy converter including counterweights
located above the water surface,

[0087] FIG.7disa frontview ofa wave energy plant having
an alternative driving operation of the driveshaft by coopera-
tion with a weight suspended in an elastic means,

[0088] FIG. 8aisa front view of a combined wind and wave
energy plant,

[0089] FIG. 85 is a side view of the combined wind and
wave energy plant of FIG. 8a,

[0090] FIG. 8cis a detail view of a power train comprised in
the combined wind and wave energy plant of F1G. 85,
[0091] FIG. 84 is a front view of a wind power plant, in
which a transmission of the same kind is used,

[0092] FIG. 8e is a side view of the wind power plant of
FIG. 84,

[0093] FIG. 8f'is a detail view of the wind power plant of
FIG. 8¢ having a pneumatic energy accumulation device,
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[0094] FIG.9aisa front view ofa wave energy plant having
an energy accumulation device designed as an elastic means,
[0095] FIG. 96 shows an alternative connection of the elas-
tic means of FIG. 9aq,

[0096] FIG. 10a is a schematic front view of a wave energy
plant including an energy accumulation device and a return
feed mechanism,

[0097] FIG. 105 is a view similar to FIG. 10a of a wave
energy plant converter using the torque which is transferred
over the air gap of a generator to obtain energy accumulation,
[0098] FIG. 11a is a schematic of a previously known
device for driving a generator in a wave energy plant,
[0099] FIG. 115 is an schematic similar to FIG. 11a but of
adifferently designed device for driving a generator having a
stator that also is rotating,

[0100] FIG. 11cisaview from a different side of the device
of FIG. 115,
[0101] FIG. 114 is a schematic similar to FIG. 116 of a

device arranged in a different way design for driving a gen-
erator having a stationary stator,

[0102] FIG. 11eis aview from a different side of the device
of FIG. 114,
[0103] FIGS. 12a and 125 are views from two sides, illus-

trating the construction and function of a planetary gear,
[0104] FIGS. 12¢ and 124 are schematic views, illustrating
the construction of a variable mechanical gear (CVI/CVET),
[0105] FIG.12eis a view of a planetary gear and a variable
gear which are coupled with a generator in a power train,
[0106] FIG. 13¢ is a front view of a power train having
steering rollers for the guidance of lines,

[0107] FIG. 134 is a side view of the power train of FIG.
134,
[0108] FIG.13cisabottom view of the power train of FIG.
13q,
[0109] FIG. 14 is a bottom view of a power train including

only one generator mounted in a buoy,

[0110] FIG. 15¢ is a front view of a wave energy plant
having an alternative design of a power train including only
one genetator, the stator of which rotates together with the
counterweight drum, one counterweight and an alternative
guide mechanism for an anchor line,

[0111] FIG. 155 is a side view of the wave energy plant of
to FIG. 15a,
[0112] FIG. 15¢ is a front view of a wave energy plant of

FIG. 15¢ having a different type of divided anchor line,

[0113] FIG. 15d is a side view of the wave energy plant of
FIG. 15¢,
[0114] FIG. 15¢ is a bottom view of the power train of the

wave energy converter of FIG. 154,

[0115] FIG. 15f'is a bottom view similar to FIG. 15¢ but
including a power train in which the stator of the generator is
rigidly attached to the buoy,

[0116] FIG. 15gis abottom view of a power train similar to
FIG. 15/, in which the mechanical components are encapsu-
lated to a larger extent,

[0117] FIG. 15k is a front view of the power train of FIG.
15¢g,
[0118] FIG. 15i is a view similar to FIG. 15g, in which a

return feed mechanism in the power train is driven by an
electric motor,

[0119] FIG. 16a is a diagram illustrating a control rule for
compensating for varying accelerations and decelerations of
the counterweight using the load of the generator,
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[0120] FIG. 164 is a diagram illustrating a control rule for
compensating for varying accelerations and decelerations of
the counterweight using a CVT, and

[0121] FIG. 16c¢ is a diagram illustrating a control rule for
compensating for varying accelerations and decelerations of
the counterweight using the sliding clutch of the return feed
mechanism.

DETAILED DESCRIPTION

[0122] In FIG. 1, a wave power installation is shown for
extraction of energy from the movements of waves at a water
surface 6 of a pool of water, e.g. movements of water in a
ocean. The wave power installation comprises one or more
wave energy plants 1, each including a buoy or a floating body
3, which is located at the water surface, e.g. floating thereon,
and which to a higher or lower degree follows the movements
of the waves. In the upwards and downwards movements of
the water surface 6 the buoy is made to alternating raise or
sink and/or alternating tilt back and forth. Thereby a motive
force can be created, in the case shown in relation to the
bottom 8 of the water pool, such as a part rigidly attached to
the bottom, e.g. a bottom foundation 5, which can have amass
large enough to keep it steadily on the bottom. If required, the
bottom foundation can of course be attached to the bottom in
some way and it may then comprise a simple fastening device
having a low mass, not shown. As can be better seen in FIGS.
2a and 26 the buoy 3 and the bottom foundation—alterna-
tively the bottom fastening device—are connected to each
other by an anchor line 7, e.g. a steel wire. The motive force
can as an alternative be created in relation to some kind of
movable object such as to a weight suspended in the buoy, see
FIG. 74.

[0123] Inthe shown embodiment the anchor line 7 is at one
end attached to the foundation 5 and is at its opposite end
attached to a power train 2 and more or less wound around a
first winding drum, an anchor drum 9, included in the power
train, the winding drum being mounted to rotate about a
driveshaft 11. The driveshaft 11 is in a suitable way journalled
atthe buoy 3. As shown in FIGS. 2a and 24 the buoy can at its
bottom side comprise downwards protruding stays 13, which
can be said to constitute a frame and at which the driveshaft 11
is journalled, e.g. at its two ends. On the driveshaft, in the
embodiment shown in these figures, there is also a second
winding drum, a counterweight drum 15, on which a line 17
is partly wound at its upper end. The counterweight line 7
carries at its lower end a counterweight 19. The cylindrical
surface of the counterweight drum, on which the line for the
counterweight is wound, has in the shown embodiment a
diameter that is larger than that of the cylindrical surface of
the anchor drum 9, on which the anchor line 7 from the bottom
foundation 5 is wound. The first mentioned diameter can e.g.
be considerably larger than the latter one, such as a relation in
the magnitude of order of 2:1 to 3:1, but does not have to. The
winding drums can also have the same diameter when suit-
able.

[0124] Instead of having the power train 2 mounted under
the buoy 3, as shown in FIGS. 2a and 2b, the power train can
be mounted in a recess in the buoy, a power train room 20, as
shown in FIGS. 2¢, 2d and 2e. Then, the driveshaft 11 can be
mounted in a substantially central position in the buoy. The
stays 13 can be attached to walls of the power train room 20.
[0125] Thus, the anchor line 7 and the counterweight 19 are
not directly connected to each other as in earlier known con-
structions. In the earlier known constructions, see the prin-
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ciple picture of FIG. 114, half the motive force of the buoy 3
is accumulated in the rise of the wave by while the anchor line
7 running over the anchor drum 9', so that a generator 21 for
generating electric current can be driven also when the wave
thereafter sinks. In the latter case, the generator is either
driven in a reverse direction or the rotation movement is
rectified by a mechanical or hydraulic transmission solution,
not shown. However, in both cases the generator 21 remains
to be direct driven according to the momentary vertical move-
ment of the wave.

[0126] As appears from FIGS. 115 and 11¢ the generator
can instead be connected to be driven between the counter-
weight 19 and the anchor drum 9, so that e.g, a first part of the
generator, not shown in these figures, typically corresponding
the inner rotating part, the rotor, of a conventionally mounted
generator, on one side of the air gap of the generator, not
shown, is mechanically connected to the anchor drum and a
second part of the generator, not shown in these figures,
typically corresponding to the outer stationary part of the
generator, the stator, in a conventionally mounted generator,
on the other side of the air gap, is mechanically connected to
the movements of the counterweight, so that this part can also
rotate. Hereby the generator 21 can be driven from two sides
with a maintained relative rotational direction between its
first part and its second part. When the wave and the buoy 3
raises, the driveshaft 11 is turned forwards by the anchor line
7, which runs around the driveshaft via the anchor drum 9 and
which at its other end is anchored to the bottom 8, e.g. to a
foundation 5. The counterweight 19 is used to create a resil-
ient resisting force and thereby gives an even torque between
the counterweight drum 15 and the driveshaft 11, which in
that way drives the first part and second part of the generator
in relation to each other. It is also possible to use other meth-
ods to achieve such a driving operation, e.g. gas pressure or a
spring for providing a constant force, as will be described
below.

[0127] In FIGS. 11a, 115, and 11c¢ the arrows 111 show
absorption of wave energy. The absorption level varies
according to the momentary movement and movement direc-
tion of the wave. When the driveshaft 11 is turned forwards by
the anchor drum 9, also the generator 21 follows the rotation,
so that the counterweight line 17 starts to be wound around
the counter weight drum 15, which can be a part of or be
rigidly attached to the second part of the generator, see the
arrows 113, and so that the counterweight is moved upwards.
Hereby, potential energy is stored in the counterweight at the
same time as a torque appears over the generator
(torque=weight of the counterweight*acceleration of gravity
(i.e. the gravitational force acting on the counterweight)*ra-
dius of the counterweight drum). The torque makes the sec-
ond part of the generator start rotating in relation to the first
part, which is mechanically connected to the driveshaft 11, so
that the counterweight line 17 starts to unwind from the
counterweight drum 15, and hereby potential energy accu-
mulated in the counterweight 19 is converted to electricity,
see the arrows 115. The faster the generator parts rotate in
relation to each other, the more electric power is generated,
and then also a higher counteracting force is obtained in the
generator 21, 1.e. the electromagnetic coupling between the
two parts of the generator becomes stronger. When the coun-
terweight 19 reaches a certain velocity, the pulling force from
the counterweight becomes equal to the counteracting force
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in the generator, this resulting in that the rotation speed of the
generator and the power output from the generator is stabi-
lized in an equilibrium state.

[0128] This way of connecting and driving the generator 21
can give great advantages, since the generator can be used
much more efficiently compared to what have been earlier
possible. The same relative rotational direction between the
generator parts is maintained all the time and the generated
electric power is kept at a substantially even level, which
requires a minimum of subsequent electric treatment of the
electrical voltage generated by the generator. The arrange-
ment of the generator can also give advantages from a storm
safety point of view, since the motive force over the generator
and transmission is limited.

[0129] The design of the transmission unit 2 and the func-
tion thereof will now be described in more detail with refer-
ence in particular to FIGS. 24, 26 and 3a.

[0130] During the movements of the waves the distance
between the buoy 3 and the bottom foundation/bottom fas-
tening device varies. The anchor drum 9 is turned, due to the
coupling with the anchor line 7, in a first direction when the
water surface 6 rises, and is then locked to the driveshaft 11,
which thereby is rotated by the anchor drum. When the water
surface at the buoy sinks, the driveshaft is locked from rotat-
ing backwards in the opposite direction by anti-reverse
mechanisms 53 in the shaft stays 13, see FIGS. Sa and 55. To
be capable of turning the anchor drum backwards, in a sec-
ond, opposite direction, and to keep the anchor line in a tensed
state when the water level 6 at the buoy 3 sinks, a return feed
mechanism of some kind sort is required as will be described
below. The driveshaft 11 is in turn connected to the generator
21. The coupling between the driveshaft and the generator can
be fixed orit can as illustrated comprise a mechanical gear 23,
which e.g. has a fixed teeth relation or fixed gear ratio, and
which gears up the rotation speed of the generator. Hereby
one of the parts of generator that are rotatable in relation to
each other, here for the sake of simplicity called rotor and
stator, e.g. an inner generator rotor 21', compare FIG. 34, to
rotate in the first direction. The other rotatable part of the
generator, e.g. an outer stator 21" is rigidly mounted to the
counterweight drum 15. The generator parts are separated by
an air gap 21™.

[0131] Due to the winding of the counterweight line 17
around the counterweight drum 15 during the forward feed-
ing of the driveshaft 11, a relatively constant motive force or
a relatively constant torque acting on the driveshaft 11 is
achieved, which through the connection between the rotor 21'
and the stator 21" of the generator 21 drives the generator to
rotate and generate electric curtent. When the torque from the
anchor drum 9 exceeds the counteracting torque, that is
derived from the electromagnetic coupling over the air gap
between the rotor and the stator of the generator, when these
parts are rotating in relation to each other, more of the coun-
terweight line 17 is wound around the counterweight drum 15
and the excess energy, to which this higher torque corre-
sponds, is accordingly accumulated the hoistening of the
counterweight 19. Thereafter, when the buoy 3 starts to rise
with a decreasing speed, to thereupon sink when the water
surface 6 sinks. also the rotational speed of the driveshaft 11
and the rotor 21' in the first rotational direction is also
reduced. When the torque from the anchor drum 9 becomes
lower than the counteracting torque in the generator 21
according to the discussion above, the counterweight line 17
starts to unwind from the counterweight drum at an increas-
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ing speed, until of the driveshaft is blocked from rotating in
the reverse direction by an anti-reverse mechanism 53 in the
driveshaft stay 13, see FIGS. 5a and 54, and the speed of the
backward rotation of the counterweight drum 1s stabilized by
the equilibrium state between the generator and the counter-
weight 19. The potential energy accumulated in the counter-
weight hence continues to drive the generator 21 also in this
phase, with a correspondingly even torque as in the previous
phase.
[0132] As has been mentioned above, the wave energy is
absorbed from the traction force that arises between the buoy
3 and the bottom foundation/bottom fastening device 3 during
the rise of the wave. The buoy 3 follows the movements of the
wave and thereby moves the driveshaft 11, on which the
anchor drum 9 is mounted, upwards in relation to the bottom
foundation. A rotational movement arises which drives the
transmission. The vertical movement of the wave is converted
into a rotational movement, the speed of which can then be
geared up to be suitable for driving the generator 21. It is the
speed of the vertical movement of the wave that determines
the amount of energy that can be extracted. The bigger wave,
the faster vertical movement and the more energy can be
absorbed. Different from the energy in the wave, the vertical
speed of the movement does not increase with the square of
the wave height, but follows a more linear pattern. But the
larger the wave is, the less impact has the attenuating effect of
the buoy 3, this resulting in that the vertical movement and the
motive force of the buoy rapidly increase when the wave
height increases from a low level to level out towards the
linear pattern the higher the wave becomes.

[0133] Theanchordrum 9 isin asuitable way mechanically

connected to the drive shaft 11. Such a mechanical coupling

can include the following two functions.

[0134] 1. During the rise of the wave the anchor drum 9
shall hook on to the drive shaft 11, so that the driveshaft is
rotated together with the rotational movement of the
anchor drum. When the wave sinks, it shall be possible to
disengage the anchor drum, so that the anchor drum can be
rotated in the reverse direction. Furthermore, the driveshaft
11 shall be blocked from changing its rotational direction
when the wave sinks. The drive shaft is in this manner fed
forward by the anchor drum in the same rotational direction
every time the wave rises and the motive force, and thereby
rectifies the motive force absorbed from the wave motions.
This makes it possible to drive the generator in a single
rotational direction.

[0135] 2. The absorption of wave energy can be limited by
the use of'a sliding clutch 55, which consequently can word
as an overload protection, see FIGS. 54, 5b and 5¢. Such a
sliding clutch also makes it possible to completely disen-
gage the absorption of energy from the movements of the
waves, by letting the anchor drum 9 slide against the drive-
shaft 11 during the rise of the wave, when the accumulation
level reaches its upper limit, i.e. when it is not possible to
wind more of the counterweight line 17 around the coun-
terweight drum 15 without risking that the counterweight
19 comes to close to and damages the counterweight drum
15 and the buoy 3. The sliding clutch can also be used to
limit the torque to which the transmission is submitted.
When the wave sinks, the buoy 3 and the counterweight 19
will be retarded, which gives an increased g-force and
hence an increased torque in the transmission. When the
wave turns and rises again, the g-force will increase further
by the anchor drum 9 starting to be turned forward and
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lifting the counterweight in relation to the buoy at the same
time as the buoy is lifted by the wave. For a too high load
the sliding clutch slides and thereby somewhat reduces the
acceleration, which in turn also reduces the torque to which
the transmission is submitted.

[0136] A mechanical coupling between the anchor drum 9
and the driveshaft 11, which provides these functions, can be
designed in different ways. Such a coupling can comprise one
or more anti-reverse mechanisms and a sliding clutch as will
be described below.

[0137] Thus a freewheel mechanism or an anti-reverse
mechanism 51, see FIG. 5a, for the coupling of the driveshaft
11 to the anchor drum can be provided, which is herein called
the anti-reverse mechanism of the anchor drum. In this case,
the driveshaft passes through the anchor drum undivided. The
anti-reverse mechanism 51 of the anchor drum can be
designed like a one way bearing, which is mounted around the
driveshaft. When the buoy 3 rises, the anchor drum 9 and the
driveshaft 11 is turned, as above, in the first rotational direc-
tion, by way of the anchor drum hooking on to the driveshaft
with the use of this return blocking mechanism 51. When the
buoy 3 sinks, the return blocking mechanism in the anchor
drum 9 is released and the anchor drum 9 can be reversed,
rotated in the opposite rotational direction, to wind up the
anchor line 7, such as will be described below, meanwhile the
driveshaft 11 is blocked from rotating in the opposite rota-
tional direction by another return blocking mechanism 53,
which is acting between the driveshaft and the stay 13 and
which is here called the shaft stay return blocking mechanism
53. This return blocking mechanism can be arranged at or in
the stay bearing 54 for the driveshaft 11. In this way the
driveshaft is always turned in the first rotation direction every
time the buoy 3 rises and it can never be turned in the opposite
direction.

[0138] If so is required, the transmission unit 2 can be
designed, so that motive force, with which the anchor drum 9
acts on the driveshaft 11, can be disengaged also in the first
rotational direction. This can be achieved by a controllable
return blocking mechanism 51 of the anchor drum, or prefer-
ably with the use of a sliding clutch 55 for the anchor drum, as
will be described below. The drive of the driveshaft 11 can
then be disengaged, when the accumulation of energy reaches
its maximum accumulation level, i.e. when the counter-
weight 19 cannot be hoisted up any higher without the risk of
damaging the anchor drum 15 and/or the buoy 9. This disen-
gagement of the drive of the driveshaft is then ended, when
the buoy 3 starts sinking, so that the anchor drum 9 drives the
driveshaft 11 anew when the wave starts rising again. The
energy absorption of the wave energy converter is hereby
limited and overload of the transmission and the generator 21
can be prevented, when the average wave height exceeds the
level, at which the wave energy converter reaches its maxi-
mum capacity, i.e. rated power. Even though the energy
absorption is hereby temporarily disengaged, the generator
can be driven to produce maximum power output, as long as
the potential energy stored in the counterweight can be used.
The load on the generator 21 and the transmission 23 can
hereby be limited at the same time as maximum power output
can be maintained, as soon as the average energy level in the
waves is high enough.

[0139] An alternative method for disengagement of the
driveshaft 11 from the anchor drum 9, to limit the energy
absorption, is that both engagement and disengagement is
done when the torque, which is transferred between the
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anchor drum and the driveshaft, is zero. In this case a claw
coupling 55" can be used instead of asliding clutch, see FIGS.
Se and 5. When the counterweight 19 has exceeded an upper
limit, the claw coupling is disengaged as soon as the torque
has been reduced to zero, see FIG. 5/. The claw coupling is
engaged again, see FIG. Se, when the counterweight has
reached a certain lower limit, and when the torque is zero
again, which may be several wave periods later. The upper
limit, as above, must provide enough safety margins so that
the counterweight 19 doesn’t reach the counterweight drum
15 even if an extreme wave comes. Advantages with this
method includes that the disengagement mechanism can
manage a higher torque being transferred, low energy con-
sumption only during transition, and minimum of mechanical
wear from the disengagement. The disadvantage is that a
longer counterweight line 17 is required, which can be limit-
ing in some cases.

[0140] The anchor drum’s 9 sliding clutch 55 can be
mounted between the anchor drum’s return blocking mecha-
nism 51 and the anchor drum, as schematically shown in FIG.
5a. The by the sliding clutch transferred torque between the
anchor drum and the drive shaft 11 can preferably be control-
lable in accordance with some suitable electrical signal, by
which the maximum energy absorption level in the system
can be adjusted.

[0141] Inanalternative designthe mechanical return block-
ing mechanism of the anchor drum 51, does not exist, see FIG.
5b. The driveshaft 11 is also in this case passing through the
anchor drum 9 undivided. Instead the anchor drum’s sliding
clutch 55 is used as a return blocking mechanism. The sliding
clutch is mounted around the drive shaft 11 with one of its
coupling sides and mounted to the anchor drum 9 with its
other coupling side. The torque transfer in the sliding clutch
55 is controlled to also give the function of a return blocking
mechanism.

[0142] In yet another alternative design there is a detached
sliding clutch 55' without mechanical return blocking mecha-
nism, see FIG. 5¢. The driveshaft 11 is in this case divided and
the anchor drum 9 is firmly attached to the first part of the
driveshaft 11'. There is a sliding clutch 55' between the first
part 11'and its second part 11" of the driveshaft, to the side of
the anchor drum. The first part of the shaft 11' is journalled in
bearing to an inner stay 13' between the anchor drum and the
sliding clutch at bearing 54'. The sliding clutch 55' is, as
above, used as a return blocking mechanism and its torque
transfer is controlled in the same way as when the sliding
clutch is enclosed in the anchor drum 9.

[0143] When the sliding clutch 55, 55' is used as a return
blocking mechanism, it can be controlled as visualized in
FIG. 5d. It then alternates between transferring full torque
and no torque at all. The anchor drum 9 rotates forward,
meanwhile the wave is rising, and is then fed backwards by
the below described return feeding mechanism, when the
wave is sinking. The alternation in torque transfer hence
occurs when the rotational direction of the anchor drum is
turned.

[0144] The rotation of the anchor drum 9 and the rotation of
the counterweight drum 15 can also be coupled via a
mechanical coupling, the above mentioned return feeding
mechanism, beside with the help of the electromagnetic cou-
pling through the generator 21. This can be achieved with
help of, among other things, a second sliding clutch 25, here
called the return feeding sliding clutch, see FIG. 6, which is
used for controlling the level of torque, which shall be trans-

Jan. 27,2011

ferred from the counterweight drum to the anchor drum. The
level of this torque can also be adjustable or dirigible. This
torque can be used to reverse the anchor drum 9 and by that
secure that the anchor line 7 to the bottom foundation 5 is kept
in a tensed state, meanwhile the buoy 3 sinks. This torque can
also be used for counteracting the driftage of the buoy, away
from the sea floor foundation, due to currents and wind at the
water surface 6.

[0145] Thereturn feeding sliding clutch 25 can as shown be
mounted in one of the stays 13, in which the driveshaft 11 is
journalled in bearings. Gearwheel 27, 29 runs against the
edges 31, 33 on the wind up drums 9 and 15 respectively and
these edges can then in the corresponding way be toothed.
The gearwheels 27 and 29 is connected to the input- and
output-shafts of the sliding clutch 25 and their size in relation
to the gearwheels 31, 33 at each wind up drum respectively, is
adapted to provide high enough gear ratio for the rotation
speed of the anchor drum 9 to be high enough to wind up the
anchor line 7 fast enough to keep it tense, when the floating
body 3 sinks as fastest. In the shown design the gearwheels
27, 29 is coaxially journalled in bearings and directly con-
nected to the two clutch disks 57 in the return feeding sliding
clutch 25, which are pressed against each other with a con-
trollable force, so that when so is required, a torque of desir-
able magnitude can be transferred between the counterweight
drum 15 and the anchor drum 9. One alternative return feed-
ing mechanism for the anchor drum is to use an electrical
motor in a corresponding way as shown in FIG. 15i.

[0146] The gear 23, that connects the driveshaft 11 to the
generator 21, can give a stepped up rotational speed of the
driveshaft so that a higher rotational speed in the generator is
obtained, which enables the use of a high speed generator.
Since the power output from the generator is proportional to
the mass of its rotor 21" and its stator 21" and to the rotational
speed of the generator, this is of very high importance. Further
on, the gear 23 can in general be or comprise a variable gear,
where it can comprise e.g. a gear with fixed gear ratio such as
aplanetary gear 35, arranged as input stage, see F1G. 12¢. The
outgoing shaft of the planetary gear is then connected to the
input shaft of a variable gear 37 (CVT), of which output shaft
is connected to the first of the generator’s part, like its rotor
21". The generator stator 21", and the casing of these gears is
fixed to each other and the counterweight drum 15 and can
rotate freely as one unit around the driveshaft 11. The gear
ratio between the driveshaft 11 and the first part of the gen-
erator 21' is in this case given by the product of the gear ratio
of the planetary gear 35 and the gear ratio of the variable gear
37.

[0147] The maximum rotational speed, that the generator
21 can handle, depends on the choice of generator. A suitable
range for the generator’s nominal rotational speed is around
1500 to 3000 rpm depending on its maximum capacity, for
which the wave energy converter 1 is dimensioned. To gear up
the generator to such a rotational speed a gear ratio in the
magnitude of 100 to 200 times is required, where the gear
ratio also depends on the radius of the anchor drum and the
medium motion speed of the buoy where full power shall be
reached. When the rotational speed is stepped up, the torque
is at the same time stepped down with the same gear ratio,
which brings a very high input torques in the gear 23. A high
gear ratio can cause high transmission losses. A planetary
gear 35 as above provides a high fixed gear ratio, can manage
very high input torques and has a good efficiency. The vari-
able gear stage in the gear 37 can be used to adapt the gen-
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erator’s revolution speed to the actual medium wave height.
Such a variable gear can e.g. be a step less variable gearbox or
a hydraulic gearbox.

[0148] Alternatively, the transmission unit 2 can be
designed with other mechanisms for accumulation of energy
from the rise of the water surface 6, e.g. as elastically stored
energy. Any counterweight is then not required, and can
instead be replaced by a spring, typically a coil spring 69, see
FIG. 3. The inner end of such a coil spring is then mounted
to the stay 13, while its outer end is mounted to the casing of
the gear 23 and is thereby coupled with the generator 21, to its
second part. Energy can also be accumulated as gas pressure
which will be described below.

[0149] In the so far described designs, one single anchor
drum 9 and two counterweight drums 15 located on either
side of the anchor drum can exist, as shown in the correspond-
ing figures. One gear unit 23 and one generator 21 is included
in each counterweight drum. One counterweight drum 15 is
hence connected to either end of the driveshaft 11, i.e. the
driveshaft is mounted between the two counterweight drums
and the driveshaft is journalled in bearings in the stay or the
frame 13.

[0150] The movements of the two counterweight drums 15
can be synchronized with the use of a link shaft 58, that is
journalled in bearings in the stay 13 parts and has gearwheels
29 at both its ends, which concurs with the toothed edges of
the counterweight flanges 33, see FIG. 2f. The generator
arrangements 21 are freestanding but the counterweight 19
must be kept on the same horizontal level so that the distance
between the counterweight and the anchor drum is the same in
both arrangements. Otherwise the centre of gravity in the
wave energy converter 1 can be displaced, so that the power
unit can turn in a faulty manner against the waves, with
deteriorated capture ratio between the waves and the buoy 3
as a consequence. The link shaft 58 is in the showed design
also used for achieving the return feeding mechanism from
the counterweight drums 15 to the anchor drum 9. For this it
also has a gearwheel 27, which concurs with a ring gear on
one of the anchor drums flanges 33 in a similar way as for the
return feeding mechanism shown in FIG. 6.

[0151] The motion of the two counterweight drums 15 can
be synchronized thanks to a link shaft 58 which is journalled
in bearings in the stay 13 parts and has gearwheels 29 at both
ends, which concur with gear rings on the counterweight
drums’ flanges 33, see FIG. 2f. The generator arrangements
21 are freestanding but the counterweights 19 must be kept on
the same horizontal level, so that the distance between the
counterweight and anchor drum is the same in both arrange-
ments. In other case the wave energy converter’s 1 centre of
gravity may be displaced, so that the wave energy converter
can turn incorrectly towards the waves with decreased power
transfer between the wave and the buoy as a consequence. The
link shaft 58 is in the presented design also used for achieving
the return feeding from the counterweight drums 15 to the
anchor drum 9. For this purpose it also has a gearwheel 27,
which concur with a gear ring on one of the anchor drum’s
flanges 33 in a similar way as for the in FIG. 6 presented
return feeding mechanism.

[0152] Since the link shaft 58 is made in one piece, to be
able to rigidly connect the rotational motion of the counter-
weight drums 15, another type of sliding clutch for the return
feeding mechanism must be used. The sliding clutch of the
return feeding mechanism 25' is in this case located between
the larger gearwheels 27, which concurs with the flanges 31 of
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the anchor drums 9, and the through going link shaft 58, at
which the gearwheels are fixedly mounted. Instead of driving
with the help of concurring gearwheels as shown in the fig-
ures, a belt-drive or chain-drive can for example be used.

[0153] The stay 13 includes in the designs in accordance
with FIGS. 2a-2b two from the buoy’s 3 underside protruding
stay parts, each of which includes a bearing 54 with a return
blocking mechanism 53 for the driveshaft 11, also compare
FIGS. 5a and 5b. Such adesign of the transmission unit 2 with
an along the driveshaft centralized anchor drum 9 and on both
sides of this arranged counterweight drums 15 with belonging
gear 23 and generator 21, gives a symmetrical weight load on
the buoy and also a more symmetrical load due to currents in
the water compared to the case where only one counterweight
drum with belonging generator and counterweight 19 is used,
which is connected to one end of the driveshaft 11.

[0154] The transmission unit 2 with the anchor drum 9, the
driveshaft 11, the counterweight drums 15, the gear mecha-
nisms 23 and the generators 21, can as an alternative be
carried in a machine body or in a driveshaft frame 141, as
shown in FIG. 2g. The machine body includes a surrounding
frame shaped part 143 and a number of shaft stays 145, which
runs between the long, opposite sides of the frame part and
which corresponds to the above described stays or stay parts
13. The shafts of the transmission unit are journalled in bear-
ings in the shaft stays. The number of shaft stays is dependent
on different design alternatives. The frame 141 is secured to
the buoy.

[0155] In the case where a planetary gear 35 is used, a
somewhat different design is possible. A planetary gear is
composed by a planet carrier 161, at which a number of planet
gears 163 are journalled in bearings in an orbit on the inside
of a ring gear 165 and around a sun gear 167, at which the
planet gears are in gear wheel engagement, see FIG. 12a.
When the planet carrier rotates and the outer wheel, the ring
gear, is fixed, the planet holder drives the inner wheel, the sun
gear, to rotate, which steps up the rotation speed? Alterna-
tively the sun gear 167 can be driven by the rotation of the ring
gear 165 while the planet holder 161 is held in a fixed posi-
tion, which also steps up the rotation speed. As above, this can
be utilized, so that the planetary gear 35 and the generator 21
e.g. is located inside the counterweight drum 15 and at first
hand so that both the planetary gear’s ring gear 165 and the
generator 21" are fixed to the counterweight drum, compare
e.g. FIG. 2b.

[0156] Alternatively only the planetary gear 35 can be
located inside the counterweight drum 15 with the ring gear
165 fixed with the counterweight drum. The generator stator
21" is then instead fixed to the buoy 3 as with the frame 141,
see FIG. 2g and also FIG. 3d. The drive shaft 11 is journalled
in bearings and can rotate freely both at the entrance and exit
of the counterweight drum. The shaft load, which is given by
the counterweight 19, is taken up by the driveshaft, which is
carried by the shaft stay 145 in the driveshaft frame 141. The
planetary gear 35 thereby gets a low shaft load. The system
function remains the same but such a design can simplify the
electrical connection and encapsulation of the generator 21
and also simplify the access at service and maintenance. The
levy in mass can also be reduced, i.e. the total angular
momentum, since the stator 21" in this case doesn’t need to be
rotated, which can be of some significance. Also other types
of gearboxes can be used in a similar way, at which e.g. the
casing or the cover of the gearbox is fixed with the counter-
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weight drum 15. A planetary gear’s ring gear in this case
corresponds to the gearbox’s house or casing.

[0157] The gear ratio in a planetary gear is given by the
difference between the number of teeth on the planet gear and
the sun gear. In FIG. 124 a planetary gear is shown with one
gear steps but it is possible to build in additional gear steps.
This can then be according to the principle that two or more
planetary gears are coupled with the ring gears fixed to each
other. Up to three steps are commonly used which gives
relatively low transmission losses. Every step is usually cho-
sen with a gear ratio between 5 and 10, which gives a gear
ratio up to 300 with three steps. The higher power the wave
energy converter 1 is dimensioned for, the larger diameter the
anchor drum 9 needs to have, since the anchor line 7 requires
a larger diameter at larger dimensions. An increased diameter
of the anchor drum leads to lower rotation speed in relation to
the vertical motion of the wave, which leads to that a wave
energy converter with larger capacity require a higher gear
ratio to achieve the correspondent rotation speed in the gen-
erator 21.

[0158] InFIGS.11dand 11eis in the same way as in FIGS.
115 and 11c¢ schematically presented how the drive of the
generator 21 can be achieved for a generator with a with the
buoy 3 fixed stator.

[0159] The buoy 3 will at the wave motions apart from
moving vertically also always change its angular orientation
around a horizontal position, which is taken at a completely
calm sea. The driveshaft 11 then rocks sideways all the time,
which can get the anchor line 7 and the counterweight line/
lines 17 to slide and rub against each other on the anchor drum
9 and the counterweight drum/drums 15. A track guiding
mechanism can then be used, which see to it that resp. lines
are winded up in a regularly way. One possibility is to use
helicoidal grooves 39, 41, 43, 45 on the drums’ 9, 15 cylin-
drical winding up surfaces, see FIG. 3¢. When two counter-
weight drums are utilized, the direction of their helicoidal
grooves can be opposite, i.e. one of the helicoidal grooves 39,
41 is right handed while the other helicoidal grooves 43, 45 is
left handed, to maintain a symmetrical load on the wave
energy converter 1, due to the motive force relating to the
counterweights 19 and the anchor line 7, to some extent.
Helicoidal grooves according to 39, 41, 43 and 45 with a
shape that follows the profile of the lines can also significantly
increase the length of life of the lines since the contact surface
between line resp. the wind up drum is increased.

[0160] Ifonlyoneanchorline 7isused, the point where this
line affects the anchor drum 9 is moved along the axis, when
the line is more or less is winded up and unwound. To achieve
a more symmetrical load in the case with two counterweight
drums 15 the anchor line 7' can be in a loop, so that it runs
from one side of the anchor drum at helicoidal groove 41,
down to the sea-floor foundation 5 and via a pulley 40, which
is journalled in bearing to the sea-floor foundation 5, and back
up again to the other side of the anchor drum via helicoidal
groove 43. The anchor line is then in both its ends more or less
winded up on the anchor drum wind up surface in two seg-
ments with helicoidal grooves 41 and 43, which have helicoi-
dal grooves in opposite directions. It is also possible to divide
the anchor line by a Y-coupling located a distance under the
wave energy converter, see FIG. 154 and the description
below.

[0161] Aswill be described below, two anchor drums 9y, 9%
can be placed on either side of a centrally located counter-
weight drum 15. Helicoidal grooves for resp. line 7, 17 can
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then be arranged in a way corresponding to what is shown in
FIG. 3¢. The counterweight drum can then have two segments
with helicoidal grooves with opposite directions, this is not
shown.

[0162] As an alternative or a complement to the helicoidal
grooves on the winding up drums 9, 15 guide rollers 171 can
be used to guide both counterweight lines 17 and the anchor
line 7 around resp. wind up drum, see F1GS. 134,135 and 13c.
The guide rollers are driven by threaded rods 173, which are
rotated in pace with the drums. The threaded rods for resp.
counterweight drum 15 has screw-threads in the opposite
direction as seen in FIG. 13a, so that the counterweight lines
17 is guided in opposite direction to each other, which is
important for the centre of gravity of the wave energy con-
verter to remain centralized.

[0163] Two threaded rods 171 are used for each winding up
drum 9, 15 and these two are rotated by a common teeth belt
or chain 175, which turns belt- or chain-wheels 177. The
guide ends of the guide rollers 171 are connected to end
pieces 179, through which the threaded rods passes and which
guides the guide rollers along the threaded rods. The guided
rollers are journalled in bearings at the end pieces and can
rotate along with resp. line 7, 17 to minimize friction and
wear. The ends of the threaded rods 173 are journalled in
bearings at the driveshaft stay 141.

[0164] Yet another alternative to achieve safe wind up is to
use trawl drums, not shown, as is known from the fishing
industry.

[0165] To minimize the risk that the counterweights 19, in
the case where two counterweights are used, and their lines 17
tangled with each other the counterweights can be mechani-
cally connected together by a suitable stiff mechanical struc-
ture, which holds them physically separated from each other.
E.g. acounterweight frame 151 can be used, see FIGS. 3¢ and
3/. The counterweight frame can be shaped so that it does not
rub against the anchor line 7 and also prevent entanglement
with it, e.g. with a rectangular, quadratic or rhombic shape
according to FIG. 3for with the shape of a closed curve, such
as a round curve, not shown.

[0166] The buoy 3 can generally have the shape of a plate,
which can be oblong. Such an oblong plate can then in a
convenient way be positioned, so that it mostly has its longer
end towards the wave direction. The width of the buoy 3 can
be adapted to the average wave length of the waves at the sea
surface, so that the buoy has a larger width at larger medium
wave length. Different methods can be used to stabilize the
buoys’ position in relation to the wave direction. The rotating
motion of the water particles through the waves in combina-
tion with the traction force towards the centre above the
foundation 5 can be utilized by introducing fins, see FIGS. 2d
and 2e, on the buoy’s 3 underside. Further the buoy’s shape
can be adapted. The driveshaft 11 can instead of being cen-
tralized under the buoy as shown in FIGS. 2a and 2b, in
parallel with the plates length going direction, be a bit dis-
placed in the direction towards the waves.

[0167] For the mounting of the transmission unit 2 inside
the buoy 3, as shown in FIGS. 2¢, 2d and 2e, the buoy must
have such a size, that it can hold the transmission unit. Seen
from the side, in parallel with the driveshaft 11 the buoy can
in this case have the shape in the form of an ellipse. i.e.
generally an elliptic cylinder. It can have a relatively large
section area against the water surface 6 at the same time as it
can be pulled against the wave direction with less water
resistance compared to a completely rectangular section area.
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The buoy 3 can have one or more fins 4 in its back part, seen
from the wave direction, which can contribute to steering the
buoy straight against the wave direction.

[0168] The transmission unit 2 in this design can be
mounted in the transmission unit space 20, whereby the trans-
mission unit in whole or partly can be made dry and thereby
be protected against growth and corrosion and a simpler and
cheaper sealing solutions can also be used, see FIGS. 2¢, 24,
2¢ and 2f. When the transmission unit space 20 is made dry, it
also contributes with its buoyancy to the buoyancy of the buoy
3. The transmission unit space can for this purpose at the top
be sealed by a cover or a service hatch 121, so that the
transmission unit space constitutes an air pocket. To create
and maintain the drainage ofthe transmission unit space 20 an
air pump 123 can be used. The air pump can be driven by the
link shaft 58, e.g. through a belt 125, and pump air into the
transmission unit space which gets the water level to be
pushed down, so that the transmission unit 2 is maid dry and
the desired air pocket is achieved. The air pump can be
mounted at one of the shaft frames 145, at which the drive-
shaft 11 is journalled in bearings. The air pump 123 can
alternatively be driven by an electrical motor, not shown.
[0169] When the wave energy converter is taken into opera-
tion, the service hatch 121 over the transmission unit 2 is
closed and the water level in the transmission unit space 20 is
pushed down by the air pressure, which the air pump 123
produces. The water level outside varies during the wave
period correspondingly to the motive force between the sea
floor foundation 5 and the wave and also the mass-moment of
inertia in counterweight 19 and buoy 3. At service first of all
the anchor drum 9 is disconnected, then the pressure in the
transmission unit space is leveled to the air-pressure outside,
so that the water level rises, and thereafter the service hatch
121 can be opened and service be performed. With the right
dimensioning and when the motive force from the foundation
5 is disconnected the water level can be leveled just below the
driveshaft 11, so that sealings and air pump 123 never gets
under the water surface 6.

[0170] At major service the complete driveshaft frame 141
with including components as shown in FIGS. 15g, 154 and
15i, can be lifted out and replaced with a replacement unit.
The counterweight 19 can be hitched under the buoy 3 mean-
while the exchange is performed. Service of the wave energy
converter’s transmission, generator and electronics can then
be performed ashore.

[0171] In the design with the transmission unit 2 and the
driveshaft 11 placed centrally in the buoy 3 the buoy’s angular
modulation can be used more efficiently. The buoy does fol-
low the water surface, which gives an angular modulation at
troughs and wave crests. When the wave rises, the driveshaft
11 rotates and the shaft stays 145 are then disengaged, so that
the buoy 3 can rotate backwards with the wave’s waterline
without affecting the drive. When the waves turns down-
wards, the driveshaft is locked against the shaft stays, which
causes the driveshaft to turn forward in pace with that the
buoy following the angular modulation of the wave. This in
turn gets the counterweight drum 15 to rotate in forward
direction and act to accumulate energy in the counterweight
19 in the same way as during the vertical motion in up going
direction. The larger diameter the anchor drum 9 has, the
lower input rotation speed the system gets in relation to ver-
tical motion, while rotation speed from the angular modula-
tion is the same irrespective of the anchor drum’s diameter.
The wave energy converter 1 can in this way be dimensioned
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with a larger anchor drum 9 to achieve an enhanced effect
from the angle modulation in relation to the motive force from
the vertical motion but must then also have a large enough
width to withstand the in the same pace increased torque,
which is transferred to the buoy 3 from the counterweight 19,
when the driveshaft 11 is locked against the shaft stays 145.

[0172] The function of the wave energy converters 1 is with
advantage controlled by a computerized control system, not
shown, which especially controls the counterweight span
level and compensates for varying accelerations and retarda-
tions to achieve as equalized power level as possible in rela-
tion to the current wave climate. The control system can also
be used for controlling the torque transfer in the anchor
drum’s sliding clutch 55, 55" and the return feeding’s sliding
clutch 25, 25', control of locking mechanisms, not shown,
control hitching of counterweight 19 and sea-floor foundation
5 in the driveshaft frame 141 at transport and service, and also
logging of system function and wave data. The control system
is supplied with energy from a battery, not shown, which is
continuously charged by the generator 21.

[0173] The control system controls the counterweight span
level and monitors the wave energy converters 1 functionality
with the help of sensors, not shown, especially for rotation
angles/speeds of the rotatable parts, the generator’s 21 elec-
trical power output and the buoy’s 3 movements.

[0174] The control system can control the counterweight
span level by analysing data from a sensor, not shown, that is
mounted in the counterweight drum 15 and which continu-
ously tells the system, at which angle it has in relation to the
gravitational direction or the shaft stay 13. The control system
can thanks to this track the counterweight 19 position and
turning points by calculating the number of revolutions of the
counterweight and exactly where it turns. The turning points
for each individual wave period are logged. An algorithm
calculates if the counterweight span has a tendency to drift
upwards or downwards by analysing the turning points during
a time period. If the counterweight span is drifting upwards,
the counterweight 19 can be lowered in a quicker pace, which
leads to that a higher power output is generated from the
generator 21 and vice versa. The length on the time period is
decided from the accumulation capacity, i.e. the length of the
counterweight line 17. The higher capacity, the longer time
period can be used in the calculation, which in turns gives
smaller adjustments of the generator’s power output.

[0175] Two sensors, not shown, measure the electrical
power output and the rotation speed of the generator 21.
These values are recalculated by the control system to show
the torque level over the generator. The control system use the
torque value to compensate for the counterweight’s 19
g-force, which varies due to the mass-moment of inertia and
affection by the acceleration force and water resistance,
which arises due to the buoy’s 3 motions in combination with
variations of the driveshaft’s 11 rotation speed. At a trough,
the counterweight 19 is accelerated in a direction away from
the gravitational direction, which gives an increased g-force,
and at a crest the counterweight is acceleration a direction
back to the gravitational direction, which gives a lower
g-force. By regulating the counterweight’s velocity of fall in
accordance with the varying torque, which loads the genera-
tor 21, the power level can be stabilized.

[0176] As given from the discussion, for the counter-
weight’s 19 turning points not to drift to the end positions of
the counterweight, the counterweight’s velocity of fall, i.e.
the medium rotation speed of the counterweight drum 15,
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must be balanced against the driveshaft’s 11 rotation speed.
When the medium turning point is moved downwards, the
counterweight’s velocity of fall must be reduced, which leads
to a reduced power output from the generator 21 and vice
versa. By regulating the counterweight’s velocity of fall and
thereby the counterweight span level the power output from
the generator can be kept as even as possible in relation to
mean energy level in the current wave climate.

[0177] Regulation of the counterweight span level can be
achieved in different ways. Regulation of the electrical load
on the generator is likely the simplest and most cost efficient
but there are also other possibilities as described below.
[0178] The mechanical resistance in the generator 21
depends on the electrical load, which is laid over the genera-
tor’s poles. When the electrical load is increased, the electro-
magnetic coupling over the air gap 21" in the generator is
increased and thereby the mechanical resistance in the gen-
erator, which gets the counterweight 19 to fall slower, since
the state of equilibrium between the generator and the coun-
terweight is moved to a lower rotation speed and vice versa, se
the regulation rule, which is shown in the diagram in FIG.
16a. Since the generator’s power is a product of the rotation
speed and the torque, the power level becomes even, mean-
while the rotation speed varies in the opposite direction to the
g-force and the input torque. This works due to that the top
rotation speed in a generator in general is higher than the
nominal rotation speed. The generator should manage a top
rotation speed that is at least 50% higher than the nominal.
[0179] At a constant electrical load a state of equilibrium
becomes present, i.e. the rotation speed of the generator 21
becomes present, which gives an equally high mechanical
resistance in the generator as the motive force given by the
counterweight 19, as earlier described. By regulating the
generator’s ingoing mechanical torque the state of equilib-
rium is displaced and thereby the rotation speed, at which the
state of equilibrium becomes present. The input torque can be
adjusted with a gear box with a so called variable gear ratio
37, CVT (“Continuous Variable Transmission”), which can
constitute or be included in the gear 23. A lower gear ratio
gives a higher torque and a lower rotation speed, which in turn
balance each other out, but a higher torque also makes the
state of equilibrium, between the generator 21 and the coun-
terweight 19, to take place at a higher rotation speed, which
increases the counterweight’s velocity of fall, and vice versa,
compare with the regulation rule, which is shown in diagram
165. One type of CVT is CVET (“Continuous Variable Elec-
tronic Transmission”) with input-output shafts aligned, as
schematically shown in FIGS. 12¢, 12d. These figures are
only symbolic, since the manufacturer does not want toreveal
details regarding its mechanical design. Variable transmis-
sion gear boxes usually only manage limited torques and a
relatively low maximum gear ratio. To minimize the ingoing
torque and increase the gear ratio a planetary gear 35 can be
coupled in before the variable transmission, as shown in FIG.
12c.

[0180] The return feeding’s sliding clutch 25, 25' between
the counterweight drum 15 and the anchor drum 9, which
according to above can be used for keeping the anchor line 7
tensed, can at the same time be used for reducing the torque
given by the counterweight 19, which displaces the genera-
tor’s 21 and the counterweight’s 19 state of equilibrium in the
same way as a variable gear does, see the regulation rule
shown in diagram in FIG. 16c and also compare with the
diagram in FIG. 16b. Full power of the generator and full
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speed of the counterweight is reached, when the return feed-
ing mechanism’s sliding clutch 25, 25' is completely disen-
gaged, so that the full torque from the counterweight loads the
generator. When the medium wave height sinks, the torque in
the return feeding’s sliding clutch increases, which lowers the
torque over the generator 21 and hereby the counterweight’s
velocity of fall is reduced. As sliding clutch e.g. a magnetic
particle clutch can be used, which gives low heat losses at low
rotation speeds. The torque can be regulated very precisely
with the help of the level of a feeding current, so that the
higher the current the higher the transferred torque becomes
and thereby also the higher break action.

[0181] By using a cone shaped counterweight drum, not
shown, the radius for the counterweight line 17 point of
contact around the counterweight drum can be increased the
higher the counterweight 19 is winded up. The radius and
thereby the torque increases the higher the counterweight is
hoisted up and thereby makes the generator 21 to rotate faster.
In this way, the counterweight’s 19 velocity of fall and the
generator’s power output increases with an increased medium
wave height. This principle for regulation of the counter-
weight’s span is self-regulating and hence does not need to be
regulated by a control system as the other methods, but lacks
the ability to compensate for variations in the counterweight’s
g-force or the force with which the counterweight affects the
drive package, i.e. mainly the motive force in the counter-
weight line.

[0182] Itispossible to design a wave energy converter 1 for
automatic installation. The starting position is then, that the
sea-floor foundation 5 and the counterweight 19 is hitched at
the stay’s 13 parts or at the frame 141 with corresponding
lines 7, 17 completely winded up. The wave energy converter
is connected to the electrical distribution network and the
control system is started. The disengagement mechanism for
the return blocking mechanism of the anchor drum is put in
locked position according to a control signal from the control
system, so that the anchor drum 7, cannot be disconnected,
despite that the counterweight/-s are in their top positions. In
the shown designs this means that the sliding clutch 55
mounted around the return blocking mechanism of the anchor
drum 51 is put on maximum force- or torque transfer, which
is enough to carry the entire weight of the sea-floor founda-
tion. The sliding clutch 25 of the return feeding mechanism
can be disengaged.

[0183] Then the control system loosens the hitches, not
shown, that holds the counterweight 19 and the sea-floor
foundation 5, whereby the sea-floor foundation starts to fall
towards the bottom 8 of the sea-floor. The anchor drum’s line
7 is then unwound and the driveshaft 11 starts to rotate and
drive the generator/generators 21. The control system regu-
lates for maximum power and thereby the sea-floor founda-
tion’s 5 velocity of fall is slowed down as much as possible, by
the electrical power that is produced. Further on the buoy 3 is
preferably equipped with an echo-sounder, not shown, that
measures the water depth on the site, where the installation
takes place. The anchor drum 9 is equipped with the same
type of sensor, not shown, as is mounted on the counterweight
drum/-drums 15 and the control system can in this way mea-
sure how much of the corresponding anchor line 7 that is
unwound from the anchor drum. The control system can with
help of these values calculate when the sea-floor foundation 5
starts to approach the bottom 8. To reduce the force of impact
the sea-floor foundation’s velocity of fall is slowed down by
means of the return feeding sliding clutch 25. When the
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sea-floor foundation 5 reaches the bottom 8, the driveshaft 11
stops to rotate and the counterweight/-counterweights 19
instead starts to fall and continues to drive the generator/-
generators 21. The disengagement mechanism for the anchor
drum’s 9 rotation in relation to the driveshaft is activated, so
that the anchor drum can rotate in one direction in relation to
the driveshatft. In the shown design this means, that the sliding
clutch 55 in the anchor drum is put in normal mode, which
means that the by the sliding clutch transferred force is
reduced so that the force is not enough to lift the sea-floor
foundation 5. The control system is thereby put into operation
mode.

[0184] The outer electrical connection of the generator 21
can be achieved without the use of slip rings, brushes and
similar, even when the generator stator" 21 is mounted inside
counterweight drum 15. The generator stator 21" includes, in
a conventional way, electrical windings, in which electrical
power is induced at rotation and which are connected to an
electrical cable 41, which is partly winded up on the counter-
weight drum in parallel with the counterweight line 17, see
FIG. 4, but closer to the anchor drum 9. The electrical cable
extends from the counterweight drum 15 down to a movable
connector 43, which can move along the anchor line 7. At the
connector the electrical cable 41 is connected to yet another
electrical cable 45, which e.g. extends to a special connector
buoy 45. Hereby the wave energy converter 1 can manage to
rotate, when the waves change direction, without lines and
cables getting entangled with each other.

[0185] Since the first electrical cable 41 is winded up on the
same drum as the counterweight 19, the connector 43 to will
slide along the anchor line 15 with mainly always the same
distance below the counterweight. Hereby it can be avoided
that the counterweight and the electrical cables 41, 45 comes
to close to each other.

[0186] At an alternative way for energy accumulation the
energy canbe absorbed as a gas pressure in one or more tanks.
Such a wave energy converter 1 is schematically shown in
FIG. 9a. Here the anchor drum 9 only needs to be connected
to the driveshaft 11 via a return blocking mechanism 53,
compare the return blocking mechanism in the shaft stay 13 in
FIGS. 5a and 5b. Any stays are not required, the driveshaft
can instead be journalled in bearings directly in the generator
housing or the generator casing 71, which replaces the coun-
terweight drum 15 and which in this case can enclose a fixed
gear mechanism such as a planetary gear 35, generator 21 and
a compressor/gas pump 73. The casing is fixed to the buoy 3,
such as to its underside as shown in the figure or also central-
ized in the buoy, if a transmission unit space 20 according to
above is used for mounting of the transmission unit 2. From
the compressor/gas pump 73 a gas pipe 75 runs to the gas
tanks 77, preferably located at or in the buoy. The gas tanks
are also coupled to an over pressure valve 79 and a pneumatic
motor 81. At this motor’s outgoing shaft 85, gearwheel 87 is
located, which acts together with teeth on the anchor drum’s
9 flange 31.

[0187] The compressor/gas pump 73 can be a so called
scroll pump and it then has amovable part 89, which is fixedly
connected with the generator 21 stator 21", and one to the
housing 71 fixed part 91. The driveshaft’s return blocking
mechanism 53 here acts against the housing.

[0188] When the driveshaft 11 is turned by the rising buoy
3 in this design, a gas pressure is built up, by the scroll pump
73, in the gas tanks 77. This gas pressure corresponds to
accumulated energy. In pace with the increasing gas pressure,
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the counteracting force against the driveshaft rotation also
increases. Higher waves, that give rise to a quicker medium
rotation speed of the driveshaft 11, thus build up a higher gas
pressure and which thereby gives a higher counteracting
torque between the generator rotor 21' and stator". The con-
trol system hence does not need to actively control and opti-
mize the operation since the equalization occurs through iner-
tia in the pneumatic pressure. Since the energy accumulation
take place by a pneumatic pressure being built up, the over-
pressure valve 79 can possibly be used instead of the sliding
clutch 53 between the anchor drum 9 and the driveshaft 11.
The sliding clutch though has an advantage by that it protects
against thrust strains. When the anchor drum 9 does not turn
by its coupling to the anchor line 7, as when the buoy 3 is
sinking, it instead turns backwards to stretch the anchor line
by that the pneumatic motor 81 rotates and drives the gear-
wheel 87, which acts on the flange 31 of the anchor drum.

[0189] Evenwith the use of gas return pressure it is possible

to let the generator stator 21" be fixed to the buoy 3 and

instead connect the compressor 73 to the planetary gears 35

ring gear 165, see FIG. 95. In this case is the generator’s stator

is fixed to the generator housing 71. The generator chassis 91

1s also fixed to the generator housing, meanwhile the com-

pressor’s 73 gear 95 on its driveshaft 93 is connected to the

planetary gear’s ring gear, either directly as is shown or via a

teeth belt/chain. The ring gear rotates freely around the ingo-

ing driveshaft 11.

[0190] This design of the transmission unit 2 can have the

following advantages:

[0191] No sling clutches are required in the anchor drum 9
or in the return feeding mechanism.

[0192] No counterweights are required and thereby there is
no g-force and no counterweight span that must be regu-
lated, since the higher wave, the higher gas pressure and
torque over the generator 21.

[0193] Possible problems with counterweights and lines,
outer electrical cables, effect of accelerations, centre of
gravity etc. can come down completely or be reduced.

[0194] The case that no counterweight is used gives lower
movable weight and thereby the sea-floor foundation 5 can
also be made smaller, i.e. with smaller mass. The buoy’s 3
lifting force can also be reduced with as much.

[0195] Manage shallower installation depth

[0196] Only the anchor drum needs to be exposed to the
ocean water meanwhile other components can be encap-
sulated.

[0197] The housing for the gear mechanism and the gen-
erator can be made with smaller diameter than the one in
the earlier described design used counterweight drum.

[0198] The same type of transmission unit 2 as have been

described above can be used in other designs of the wave

energy converter as becomes evident from FIGS. 7a, 75 and
7c. Instead of the sea-floor foundation there are here sea-floor
fastening devices 61, 63 fastened to the sea-floor. 8. These
sea-floor fastening devices are shaped like frames or pillars,

which reach upwards from the sea-floor, and the driveshaft 11

in the transmission unit is journalled in bearings in the frames

or at the pillars. In FIGS. 7a and 7b two vertical pillars are
used, which are located completely beneath the water surface

6 and stretches up from the sea-floor, and the driveshaft 11 in

the transmission unit is journalled in bearings to these pillars.

In the designs according to FIGS. 7a and 75 the anchor line 7

is fixed to the buoy. In FIG. 7b the transmission unit is

mounted so close to the bottom of the pool of water that the



US 2011/0018275 Al

counterweights are instead shaped like floating bodies 19'.
The frame according to FIG. 7¢ includes two vertical pillars,
which reaches upwards from the bottom 8 over the water
surface 6 at the side of the buoy 3. The pillars are at the top
connected by a horizontal beam 64, which is located above
the buoy and from which stay parts similar to the stay 13
above protrudes downwards. The driveshaft 11 in the trans-
mission unitis journalled in bearings in these stay parts. Itcan
be especially observed, that at the design according to FIG.
Tc, energy is absorbed from the waves only when the water
surface 6 and the buoy 3 sinks in contrary to the other designs,
where energy is only absorbed from the waves, when the
water surface and the buoy rises. Hereby the buoy must be
given a weight that is greater than the counterweight’s 19 and
be given enough volume/buoyancy, so that it shall still be able
to stay afloat at the water surface 6. This is shown in FIG. 7¢
by that the buoy 3 is fixed with a ballast 5". In this design the
counterweight 19 line 17 is winded up around the counter-
weight drum 15, when the wave sinks, which significantly
reduces the motion span and variation in g-force. With the
right dimensioning and with periodical waves the counter-
weight can in principle be held still. It is also possible to keep
the counterweight above the water surface 6, which gives a
higher motive force in relation to the counterweight’s mass.
This design is especially suited for places, where there are
already foundations, e.g. at wind power plants, where the
counterweight and its line 17 can run inside the mast, or at oil
platforms.

[0199] An alternative design of a wave energy converter 1
with a transmission unit 215 according to FIG. 154 with a
centrally, between two anchor drums 9v, 9% located counter-
weight drum 15 is shown in FIG. 7d. In this variant the
driveshaft 11 is driven by a weight or load 211, which hangs
beneath the buoy 3 in an elastic organ 213, which for example
can include springs or air springs. At the weight the anchor
lines are also fixed. The weight 211 can have a considerable
mass compared to the buoy 3 or generally in relation to other
parts of the wave energy converter. The forward drive of the
driveshaft occurs through joint action between the buoy 3 and
the weight 211. When the buoy after having passed a wave
crest sinks, the buoy also moves downwards. Then when the
buoy slows down and turn in the next trough, the weight 211
continues due to its inertia to first move downwards, which
stretches and prolongs the elastic organ 213 and unwinds the
anchor lines 17 so that the anchor drums 9v and 9% is rotated
and in turn drives the driveshaft to rotate. When the elastic
organs are prolonged, their traction force on the weight 211
increases, so that its ongoing motion downwards is gradually
stopped. Thereafter the force from the elastic organs becomes
so great, that the weight will move upwards. This conse-
quently occurs at the buoy’s 3 rising movement. When the
buoy 3 then slows down again to turn in the next crest, the
weight continues to move upwards due to its mass-moment of
inertia. The elastic organs 213 are then pulled together and
thereby their traction force on the weight 211 is reduces, so
thatitis no longer balanced by the gravity force, which affects
the weight. At the same time the anchor drums 9 can be
returned and tense the anchor lines 7 for the next drive of the
driveshaft 11. The weight is then gradually slowed down to a
stop and after that again starts to move downwards.

[0200] The counterweight 7 runs through a through going
hole in the weight 211 down to the counterweight 19, which
moves with a phase shift to the wave motion, which can
reduce its vertical motion and reduce the size of its accelera-
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tions and retardations at the wave motion, so that the torque,
which loads the generator 21, becomes a bit more even, which
thereby requires less regulation of the rotation speed. Such a
design can e.g. be advantageous at large water depths, where
it can be difficult to use an anchor line 7 fixed at the bottom 8
for driving of the driveshaft.

[0201] Inone design, in which the wave energy converter is
mounted in a wind power plant, it is possible to integrate the
transmission from the turbine blades with the drive from the
waves, so that the same gearbox and generator can be used,
see FIGS. 8a, 86 and 8c. The transmission can closest be
compared to the one shown in FIGS. 154, 15b and 15¢, which
shall be described below. The transmission model witha fixed
stator according to FIG. 15f'can also be used in a similar way
but this is not described further here. The main difference is
the mounting of the planetary gear 25 in relation to the gen-
erator’s stator. The function in the planetary gear is in this
design to combine the drive from the wind- and wave
motions, by letting the wind power plant’s rotor rotate the
planet gear carrier 161, while the buoy 3 with ballast 5" drives
the ring gear 165 of the planetary gear, see also FIGS. 12a and
125. 1n this way, the rotation and torque, which are obtained
from the wind-resp. wave motions, can be added to each other
and together drive the sun gear 167. Neither planet carrier nor
ring gear is allowed to rotate backwards, which for the planet
carrier is achieved by the back locking mechanism 53 in the
shaft stay 13 and for the ring gear by slipper clutch 201, which
has a function similar to a back locking mechanism. The
slipper clutch 201 has the equivalent function as the anchor
drum’s slipper clutch, see FIG. 54 and descriptions thereof,
but is in this design located between shaft stay 13 and plan-
etary gear 35, which makes it possible to limit the torque and
energy absorption for both wind- and wave motions with one
and the same slipper clutch.

[0202] The generator 21 is mounted alone in the counter-
weight drum 15 with connected counterweight 19, which
gives the same equalization capabilities as is described for the
other designs. The return feeding of the anchor drums is also
done in the same way from the counterweight drum 15 via
ring gear 29 and tooth band/chain 175 to the link shaft 58,
which in turn is coupled in the corresponding way to the
anchor drums 9v and 9/%. The diameter of the anchor drums 9v
and 9/ in combination with the buoy 3 and the weight of the
ballast 5", determines the torque which is put over the ring
gear 165 of the planetary gear, and which rotation speed the
ring gear gets. These parameters are chosen to match the
torque from the wind turbine and the generator’s size. As long
as the torque, which is obtained from the drive of wind and
wave, is higher than the counteracting torque, which is given
by the counterweight 19, energy can be accumulated in the
counterweight 19 from both wind- and wave motions. Since
the torque from the wind power plant’s rotor 204 varies
dependently on the wind-force while the torque from the
wave drive is constant, it may be necessary to mount a vari-
able transmission gearbox before the planetary gear in the
same way as shown in FIG. 12e, but the variable transmission
gearbox in this design adjusts the torque from the wind drive
to the wave drive after the current wind-force. To prevent the
tower 207 of the wind power plant to be damaged by the buoy
3, some kind of sledge mechanism is used, not shown, which
guides the buoy along the tower of the wind power plant.
Breaking gearboxes is a big problem for today’s wind power
plants. The transmission of the wave energy converter can
also be used in a wind power plant without wave drive to
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utilize its capabilities to limit the torque and energy absorp-
tion. In this case the same type of transmission design as
described in FIG. 3d can be used but without the anchor drum
9. The wind power plant’s rotor is directly connected to the
driveshaft 11, as shown in FIGS. 84 and 8e. The counter-
weight can run inside of the wind power plant’s tower 207.
When used ina wind power plant, gas return pressure can also
be used instead of a counterweight as shown in FIG. 8f. This
transmission design 1s described in more detail in connection
to FIG. 9. The counterweight can then be left out and its
mass-moment of inertia will then not have any effect, which
can be of an advantage.

[0203] Inthe designs described above, the electromagnetic
coupling between the generator’s 21 rotor and stator is uti-
lized in most cases, while in other cases an in a special way
designed transmission is used for achieving a continuous
drive of the generator. Energy accumulation and return feed-
ing can be done in different ways. In general, a wave energy
converter 1 can include components as will be seen in FIG.
10a. An anchor drum 9 included in a transmission unit 2 is in
a suitable way mechanically coupled to both a buoy 3 and to
an object 8', which can be considered to have a more fixed
position than the buoy and which can be constituted by the
bottom, e.g. a bottom fastening device §', also see F1G. 105, at
which at least one of these two mechanical couplings 7", 7"
includes an oblong organ, such as a flexible organ, typically a
line or a wire, butalso a stiff shaft can be used in special cases.
The anchor drum can be located in a suitable way in relation
to the buoy such as under, inside or above. It can rotate in two
directions as shown by arrows 101, 102. The anchor drum 9
drives a driveshaft 11 at its rotation in one direction, which
can then only rotate in one direction, shown by the arrow 103.
The driveshaft is mechanically coupled to the generator 21,
whereby the coupling is symbolically shown at 23". The cou-
pling and/or the generator is set up in a way that a part of the
rotational energy is accumulated in an energy accumulation
device 105 at the rotation of the driveshaft 11. When the
driveshaft is not able to turn the generator, the energy accu-
mulation device drives the generator instead. The energy
stored in the energy accumulation device can also be used for
returning the anchor drum 9 and for this purpose the energy
accumulation device can be coupled to the return feeding
mechanism 107.

[0204] In the case which utilizes the electromagnetic cou-
pling between the generator’s 21 two, in relation to each other
rotatable parts, the driveshaft 11 is mechanically coupled to
the first part 21' by means of the coupling 23', for driving this
part to rotate in the direction shown by the arrow 23, at which
the electromagnetic coupling between the generator’s parts
gives a torque corresponding to the driveshaft’s rotation and
also gets the other part 21" to rotate in the same direction, se
FIG. 105. The generator’s second part 21" is in some way
coupled, so that it at the rotational motion, because of the
driveshaft’s rotation, accumulates a part of the rotational
energy in the energy accumulation device 105. When the
rotation speed of the driveshaft is low, where it no longer is
capable of turning the generators second part, the energy
accumulation device instead drives the generators second part
to rotate in the opposite direction as before.

[0205] In the designs described above, two generators 21
are used. However, since the generator with belonging power
electronics and gearbox, if any, is arelatively costly part of the
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wave energy converter 1, designs with only one generator can
be more cost efficient. Below shall possible designs with only
one generator be described.

[0206] Inafirstdesign with two counterweights 19 and one
to the buoy 3 fixed stator of the generator 21, see FIG. 14,
there is also, as shown in e.g. FIG. 26, areturn feeding or link
shatt 58. The link shaft couples the movement of the two
counterweight drums together, so that the motive force from
the right counterweight drum 15% is transferred to the left
counterweight drum 15v. The left counterweight drum
includes a planetary gear 35, which steps up the rotation
speed of the generator, and also limits the torque by means of
the ring gear’s coupling to the left counterweight drum and
the counterweight 19. The location of the wind up drums are
moreover the same as in the above described designs and
therefore, the buoy 3 in a wave energy converter designed in
this way, gets about the same stability or positioning towards
the wave as in the design with two generators. The generator
21 can be mounted in a separate generator housing 181 with
the generator’s stator 21" fixed to the buoy, as shown in the
figure, or alternatively in or at the left counterweight drum
15v.

[0207] As shown, the link shaft 58 can be placed in front of
the driveshaft 11 seen in the wave direction. This gives a
better spacing when drifting away from the sea floor founda-
tion 5. The drifting brings the anchor lines 7, which cannot be
allowed to come into contact with the driveshaft frame 141, to
stretch out in a direction in relation to the counterweight line
in a slanting angle. Alternatively, the link shaft 58 can be
placed above the driveshaft 11, either in a slanting position or
straight above.

[0208] Further on it is possible to design the transmission
unit 2, so that only one counterweight 19 is used without the
wave energy converter loosing stability or positioning
towards the wave direction. Instead such a design can, see
F1G. 154 for a front view and 155 for a side view, enhance the
positioning in relation to the wave direction. The anchor line
7 is divided in a Y-coupling 191 into two sub lines and these
are led to be winded up around one anchor drum 9v, 9% each,
which are positioned on each side of the single counter weight
drum 15'. Guide rollers 193, corresponding to the ones
described for FIGS. 134,135 and 13¢, diverts the sub lines, so
that they are winded up correctly on the anchor drums. The
counterweight 19 runs free despite that the anchor lines joins
inaY-coupling, since the point at the counterweight drum and
anchor drum where the resp. line is winded up is on the
opposite side of the driveshaft 11. The driftage from the
foundation 5 also gives an angle for the anchor line 7, 7',
which gives extra margins. For further safety margins the
Y-coupling 191 can be placed below the lowest possible posi-
tion of the counterweight 19, not shown.

[0209] In FIGS. 15¢ and 15d an alternative of a straight
wind up ofthe divided anchor lines 7' around the anchor drum
9v and 9% 1s shown. A rod 221 holds the lines on a distance
from each other and is placed just above the Y-coupling 191.
To decrease the risk of collision between sub anchor lines 7'
and the counterweight 19, the rod 221 can be placed below the
lowest possible position of the counterweight. One advantage
with this alternative is that the part of the anchor line 7, which
connects the rod 221 with the sea-floor foundation 5, can be
more or less stiff and e.g. be designed as a ground cable or
chain, while the sub anchor lines 7' can be more flexible for
wind up around the anchor drums 9v and 9%. Further on the
rod 221 can be designed to carry the load of itself and the
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undivided anchor line 7, which then leads to that a lower force
is required for driving the return feeding, not shown in these
figures.

[0210] In FIG. 15¢ the transmission unit in a wave energy
converter is shown according to FIGS. 15a and 155 seen from
below and with more details. The driveshaft 11 is here fixed
only one of the anchor drums, e.g. as shown with the left 15v.
The left anchor drum 9y, the driveshaft and the one and only
anchor drum 15' has the same function and structure as in
earlier described designs, in which the generator 21 is build-
in to the counterweight drum. The second anchor drum, the
right drum 94, is journalled in bearings so that it can rotate
freely but its motive force is transferred to the left anchor
drum 9v by means of a link shaft 58. The link shaft can be
coupled via thereon mounted chain- or gear-wheels 203 to the
anchor drums by means of chains or tooth bands 205, which
also runs over the toothed flanges 31. Alternatively the gear-
wheels 203 can be directly connected to the anchor drums’
flanges, in the same way as shown in FIG. 2f. The return
feeding of the anchor drums is done in the corresponding way
as earlier but the slipper clutch 25" is in this case coupled to
the counterweight drum 15",

[0211] In FIG. 15f an alternative to the transmission unit
according to FIG. 15e¢ is shown. According to FIG. 15/ the
generator’s stator 21" is fixed to the buoy 3 in a corresponding
way as shown in F1G. 2g. The generator casing 71 is placed on
one side of the single, centrally placed counterweight drum
15', which results in that the transmission unit 2 must be made
wider. The anchor drums 9v, 9% must be placed with an equal
distance from the counterweight drum for the traction force
by the counterweight 19 and the foundation 5 via the coun-
terweight lines 7' shall remain centred in the wave energy
converter. This leads to that more stay parts or shaft stays 13,
145 are required to carry the parts of the transmission units. It
is possible to use the same design of the anchor drums as
described above for FIG. 15¢. However, in this case it can be
motivated to simplify the left anchor drum 9v by using an
displaced or free lying slipper clutch 55' and use the extra
spacein the transmission casing space 20 for the transmission
unit 2, so that the left anchor drum 9v can be fixed to the
driveshaft’s first part 11' in the same way as earlier described
for FIG. 5¢ while the driveshaft’s second part 11" on the other
side of the slipper clutch comprises or is directly connected to
the ingoing shaft to the gear 23 and the counterweight 15'
rotates around this second part.

[0212] In FIGS. 15g and 15% an alternative transmission
unit according to FIG. 15f1s shown, in which the mechanics
is to a larger extent encapsulated. The power transmission
between driveshaft 11', 11" and the link shaft 58 can in this
design preferably be done via gearwheels 209. A high gear
ratio as shown in the figure is used for increasing the rotation
speed of the link shaft and decreasing the torque which gives
less wear and smaller dimensions of the power transmission.
In this design only the drums 9v, 94, 15 are exposed to the sea
water in the transmission housing 20. The generator 21 with
all belonging power electronics and the link shaft 58 includ-
ing the power transmission are encapsulated in a climate
controlled environment 195. The return feeding 26 has in this
design been placed on the high speed side of the gear 35, but
could also be placed on the low speed side. One advantage
with placing the return feeding 26 on the high speed side is
that the space will be used more efficiently since it requires a
higher gear ratio in the return feeding compared to the link
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shafts power transmission 210. A high speed rotation in the

slipper clutch gives higher transmission losses though.

[0213] InFIG. 15} an alternative to return feeding, which is

described in relation to FIG. 15g is shown. Here an electric

motor 223 is used instead, which is directly connected to any
of the gearwheels 209 on the link shaft 58. The electric motor
gets power from the battery, not shown, which drives the
control system and other electronics, not shown. The electric
motor is controlled by the control system which in that way
can optimize the return feeding, It is also possible to drive the

return feeding by means of a spring mechanism, such as e.g.

a coiled spring or a constant power spring, not shown.

[0214] A wave energy converter has here been described

which can have one or more of the following advantages:

[0215] The counterweight drum/drums limit the maximum
resistance in the system and give a sharp limit for the torque
acting over the generators.

[0216] The energy accumulation is very simple and effi-
cient and can store energy over long time intervals at the
same time as the motive force can be held constant in
relation to the average wave height during the time interval.

[0217] The wave energy converter can be dimensioned to
utilize the depth on the installation site in an optimal way
for the accumulation and for decreasing the weight of the
counterweight.

[0218] The storage of energy is stopped automatically
when “the accumulator is full” and this can be achieved
without the generator losing power.

[0219] The scalability is very good and the wave energy
converter can be dimensioned to reach maximum capacity
at a selected wave height to get a better utilization factor of
the generator.

[0220] It is not necessary to over dimension the whole
system to be able to handle absorption of energy at rare
occasions when the mean wave height is considerably
higher than normal.

[0221] The buoy continuously follows the wave motions
independently of how large the waves are. The force limi-
tation in the anchor drum efficiently protects the device
from thrusts and overloads.

[0222] The motive force is constant in relation to the gear
ratio which enables the use of all types of generators, incl.
synchronous AC generators, which are working with con-
stant or variable rotation speed.

[0223] Minimal manual efforts at installation, short course
of installation which generators electricity already when
the foundation is being lowered down.

[0224] Mainly simple and durable construction.

[0225] Very high utilization factor of the generator and
transmission.

[0226] Long service intervals.

[0227] While specific embodiments of the invention have

been illustrated and described herein, it is realized that

numerous other embodiments may be envisaged and that
numerous additional advantages, modifications and changes
will readily occur to those skilled in the art without departing
from the spirit and scope of the invention. Therefore, the
invention in its broader aspects is not limited to the specific
details, representative devices and illustrated examples
shown and described herein. Accordingly, various modifica-
tions may be made without departing from the spirit or scope
of the general inventive concept as defined by the appended
claims and their equivalents. It is therefore to be understood
that the appended claims are intended to cover all such modi-
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fications and changes as fall within a true spirit and scope of
the invention. Numerous other embodiments may be envis-
aged without departing from the spirit and scope of the inven-
tion.

1. A wave energy plant comprising:

a buoy or other device arranged at or in a pool of water to
be put into motion by motions of the water in the pool of
water,

adriveshaft, which is rotatably journalled in bearings to the
buoy resp. the other device orto a device arranged to give
a counteracting force against the motions of the water in
the pool of water,

afirst oblong organ, which inone end is coupled to a device
arranged to give a counteracting force against the
motions of the water in the pool of water resp. to the buoy
and in the other end is coupled to the driveshaft,

an electric generator, which is coupled to the driveshaft and
includes two in relation to each other rotatable parts, a
first part and a second part, and

an energy accumulation device, at which the buoy or the
other device is placed and the buoy or the other device,
the first oblong organ, the device arranged to give a
counterforce against the wave motions, the driveshaft
and the energy accumulation device are coupled
together, so that the coupling between the first oblong
organ and the driveshaft gets the driveshaft to mainly at
the first motions in the buoy or the other device, rotate in
a unidirectional direction and thereby drive the electric
generator’s two mentioned parts to rotate in relation to
each other in a first rotational direction and generate
electric current and thereby also supply the energy accu-
mulation device with energy, characterized in that
wherein the energy accumulation device is arranged to
mainly at the second motions, which are mainly sepa-
rated from the first motions, in the buoy or the other
device, drive the electric generator’s mentioned two
parts to rotate in the same first rotational direction in
relation to each other and thereby to generate electric
current with the same polarity as when the driveshaft
drives the electric generator’s two mentioned parts to
rotate in relation to each other.

2. A wave energy plant according to claim 1, comprising a
buoy, which is arranged to alternately rise and sink and/or to
alternately rock back and forth at the up and down motions of
the water surface, and the buoy, at which the first motions in
the water surface includes either one of the up- and down-
going motions of the water surface.

3. A wave energy plant according to claim 1, wherein

the driveshaft is mechanically coupled with the generator’s
first part, at which an electromagnetic coupling exists
over an air gap between the electric generator’s first and
second parts at least during these parts relative move-
ments, and

the energy accumulation device is mechanically coupled to
the second part of the electric generator.

4. A wave energy plant according to claim 3, wherein the
coupling of the energy accumulation device to the driveshaft
via the electric generator’s second part and the electric gen-
erator’s first part and the air gap between them gives a coun-
teracting motive force, which counteracts the rotation of the
driveshaft, when the driveshaft through the coupling between
the first oblong organ and the driveshaft rotates and drives the
electric generator’s first part,
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so that the electric generator’s second part rotates in a first
rotational direction through the coupling to the drive-
shaft via the electromagnetic coupling over the air gap
and the electric generator’s first part, when the motive
force which acts on the driveshaft through the coupling
between the first oblong organ and the driveshaft,
exceeds the counteracting motive force at which the
energy accumulation device through its mechanical cou-
pling to the electric generator’s second part accumulates
energy, at which the electric generator’s first and second
parts at the same time rotates in the same first rotational
direction in relation to each other, and

so that the electric generator’s second part is driven by the

energy accumulation device to rotate mainly in the same
first rotational direction, when the motive force, which
acts on the driveshaft through the coupling between the
first oblong organ and the driveshaft, do not exceed the
counteracting motive force, at which the electric genera-
tor’s first- and second parts is made to continue to rotate
in the same first rotational direction in relation to each
other.

5. A wave energy plant according to claim 1, comprising;

a mechanical gear coupled between the driveshaft and the

electric generator’s first part, at which the driveshaft is
coupled to the ingoing side of the mechanical gear and
the electric generator’s first part is coupled to a first
outgoing side of the mechanical gear, at which

an electromagnetic coupling exists over an air gap between

the electric generator’s first part and second part at least
during their relative movements,

the electric generators second part is fixed to the buoy, and

the energy accumulation device 1s mechanically coupled to

a second, from the first separated, outgoing side of the
mechanical gear.

6. A wave energy plant according to claim 5, wherein the
mechanical gear’s ingoing side includes an ingoing shaft and
one outgoing side of the mechanical gear includes an outgo-
ing shaft and one other outgoing side includes a housing or
casing for the mechanical gear.

7. A wave energy plant according to claim 1, comprising an
anchor drum, which is journalled in bearings for rotation in a
unidirectional rotation around the driveshaft and is coupled to
the first oblong organ to bring the anchor drum to rotate with
the mentioned first motion of the buoy or the other device and
thereby also bring the driveshaft to rotate.

8. A wave energy plant according to claim 7, wherein the
first oblong organ is a flexible organ, a line, wire or chain in
particular, which in one end is more or less winded up on an
anchor drum, and that a mechanism exists for at the men-
tioned second of the buoy’s or the other device’s motions,
rotate the anchor drum so that the flexible organ is kept in a
stretched state.

9. A wave energy plant according to claim 7, wherein the
bearing for a unidirectional rotation of the anchor drum
around the driveshaft, which enables the anchor drum during
rotation in the opposite direction to drive the driveshaft to
rotate in the opposite direction, includes a coupling for limi-
tation or disengagement of the motive force, with which the
anchor drum hereby acts on the driveshaft.

10. A wave energy plant according to claim 1, wherein the
driveshaft is journalled in bearings at a buoy and that the first
oblong organ in one end is coupled to a point which counter-
acts to the buoy’s motions, especially to a fixed point like at
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the bottom of the pool of water or to a fixed of fastened device
at the bottom of the pool of water.

11. A wave energy plant according to claim 1, wherein the
driveshaft is rotatably journalled in bearings to one at the pool
of water fixed device and that the first oblong organ in one end
is coupled to a buoy.

12. A wave energy plant according to claim 11, wherein the
driveshaft is placed below the water surface and that the
energy accumulation device includes at least one floating
body.

13. A wave energy plant according to claim 1, wherein the
driveshaft is rotatably journalled in bearings to the buoy and
that the first oblong organ in one end is coupled with a weight,
which is resiliently suspended to the buoy.

14. A wave energy plant according to claim 1, wherein the
buoy includes a space, which functions as an air pocket and in
which at least the main part of the driveshaft is located.

15. A wave energy plant according to claim 1, wherein the
energy accumulation device includes a counterweight
arranged as a lead which moves upwards at the mentioned
first of the buoy’s or the other device’s motions and at which
potential energy is stored, that the coupling between the buoy
or the other device, the first oblong organ, the driveshaft and
the counterweight is arranged in a way, that the counterweight
moves downwards at the mentioned second motion of the
buoy or the other device and that the counterweight drives the
generator’s first and second parts to rotate in relation to each
other in the first rotational direction.

16. A wave energy plant according to claim 15, wherein the
energy accumulation device includes a counterweight drum
rotatably journalled in bearings to the driveshaft and a second
oblong organ for coupling of motions in the counterweight to
drive the counterweight drum to rotate, at which the drive-
shaft is coupled to rotate the electric generator’s first part and
the counterweight drum is coupled to rotate the electric gen-
erator’s second part, at which the electric generator generates
electric current when its second part rotates in relation to its
first part at the same time as it gives a counteracting torque to
this rotation, at which the electric generator’s first and second
parts is brought to rotate in relation to each other, always in
the same first rotational direction.

17. A wave energy plant according to claim 15, wherein the
energy accumulation device includes a counterweight drum
rotatably journalled in bearings to the driveshaft and a second
oblong organ for coupling of motions in the counterweight to
drive the counterweight drum to rotate and that a mechanical
gear 1s coupled between the driveshaft and the electric gen-
erator’s first part, at which the driveshaft is coupled to an
ingoing side of the mechanical gear, the electric generators
first part is coupled to an first outgoing side of the mechanical
gear, the electric generator’s second part is fixed to the buoy or
the other device and the counterweight drum is mechanically
coupled to a second, from the first separated, outgoing side of
the mechanical gear, so that the driveshaft at the mentioned
first motions in the buoy or the other devices gives motive
forces on both outgoing sides of the mechanical gear for
rotation of the electric generator’s first part and for rotation of
the counterweight drum to hoist up the counterweight in
relation to the driveshaft and so that the counterweight drum
at the mentioned second motions in the buoy or the other
device gives a motive force via its coupling to the gear’s
second outgoing side for rotation of the electric generator’s
first part.

Jan. 27,2011

18. A wave energy plant according to claim 1, wherein the
energy accumulating device includes a counterweight drum
and a counterweight and that the second oblong organ is a
flexible organ, a line, wire or chain in particular, which in the
lower end is fixed to the counterweight and its upper end is
more or less winded up on the counterweight drum.

19. A wave energy plant according to claim 1, comprising
a control system for controlling the electric generators elec-
tric load or field current for adjusting the rotation speed
between the electric generator’s first and second parts.

20. A wave energy plant according to claim 19, wherein the
energy accumulation device includes a counterweight or a
floating body and that the control of the electric generator’s
electric load or field current also is used for adjusting the
counterweight’s resp. floating body’s vertical speed, so that
the counterweight resp. the floating body moves within an
adapted or suitable vertical span at the motions ofthe buoy or
the other device.

21. A wave energy plant according to claim 20, wherein the
control system is arranged to compensate for variations in the
torque, which is caused by the levy in mass of the counter-
weight resp. floating body, by regulation of the rotation speed
between the electric generator’s first and second parts, which
gives a continuous even power output from the electric gen-
erator.

22. A wave power plant according to claim 1, wherein it
includes two electric generators and two belonging energy
accumulation devices coupled to the driveshaft, at which the
first oblong organ is coupled to the driveshaft to a place
located between the two pairs of electric generator and
belonging energy accumulation device.

23. A wave power plant according to claim 1, wherein the
first oblong organ at least in one end includes two sub organs,
at which a first sub organ is coupled to the driveshaft on one
side of the electric generator and another sub organ is coupled
to the driveshaft on the opposite side of the electric generator.

24. A wave energy plant according to claim 1, wherein it
includes an anchor drum coupled to the first oblong organ and
that the first oblong organ includes a flexible organ, a line,
wire or chain in particular, which at least in one of its ends is
divided into two sub organs, which each one is more or less
winded up on the corresponding wind up surfaces of each
anchor drum, at which the wind up surfaces have helicoidally
running grooves with opposite helicoidal directions.

25. A wave energy plant according to claim 1, wherein the
energy accumulation device includes two counterweight
drums journalled in bearings to the driveshaft and a flexible
organ, a line, wire or chain in particular, which at least in one
of its ends is divided in two flexible sub organs, which each
one is more or less winded up around corresponding wind up
surfaces on the counterweight drums, at which the wind up
surfaces has helicoidally running grooves with opposite heli-
coidal directions.

26. A method of extracting electrical energy from more or
less periodical motions of a body. especially repeated back
and forth motions and/or repeated rocking motions in two
opposite directions, wherein

that at the first motions of the body let these motions drive

two parts of an electric generator to rotate in relation to
each other in a first direction and hereby generate elec-
tric current and at the same time also supply an energy
accumulation device with mechanical energy, and
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that at the second motions of the body, which mainly is and thereby generator electric current with the same
separated from the first motions, let the energy accumu- polarity as at the first motions of the body.
lation device drive the electric generators two parts to
rotate in the same first direction in relation to each other ok R k%
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to rotate one in one direction during the ascent of the
float and to rotate the other in the opposite direction
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1

WAVE MOTOR
BACKGROUND OF THE INVENTION

The present invention relates to wave motors, namely
to motors for converting energy from sea waves to
mechanical work.

The energy in the sea constitutes a vast reservoir
which has remained iargely untapped to the present
time. Many types of wave motors have been proposed,
but as a rule, they have not become economically feasi-
ble mainly because of the large initial cost involved in
their construction and installation compared to the
amount of energy they are capable of extracting from
the sea.

An object of the present invention is to provide a
wave motor having a relatively simple design and capa-
ble of extracting substantial amounts of energy from the
sea.

SUMMARY OF THE INVENTION

According to a broad aspect of the invention, there is
provided a wave motor comprising: a float; a displace-
able member coupled to the float so as to be displaced
through a forward stroke by the ascent of the float, and
through a return stroke by the descent of the float; a
pair of shafts; and a transmission coupling the displace-
able member to the pair of shafts; the transmission in-
cluding a first one-way clutch coupling the displaceable
member to one shaft to rotate same in one. direction
during the displacement of said member through its
forward stroke, and a second one-way clutch coupling
the displaceable member to the other shaft to rotate
same in the opposite direction during the displacement
of the member through its return stroke.

In one preferred embodiment of the invention de-
scribed below, the displaceable member is a wheel cou-
pled to the float by linkage which partially rotates the
wheel in one direction during the ascent of the float,
and partially rotates the wheel in the opposite direction
during the descent of the float. More particularly, in this
embodiment, the wheel and the one-way clutches in-
clude teeth, the transmission including a closed-loop
chain trained around the teeth of the wheel and the
one-way clutches.

In a second preferred embodiment described below,
the displaceable member comprises a rack coupled to
the float so as to be displaced through an upward stroke
by the ascent of the float and through a downward
stroke by the descent of the float; in addition, the trans-
mission coupling the float to the pair of shafts comprises
teeth formed on the rack meshing with gears coupled
by the one-way clutches to the pair of shafts to rotate
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one shaft in one direction during the upward stroke of 55

the rack, and to rotate the other shaft in the opposite
direction during the downward stroke of the rack.

In both described embodiments, there are a plurality
of drive units each including one of the floats, displace-
able members, and transmissions, all coupled to the pair
of shafts for driving same in opposite directions.

Further features and advantages of the invention will
be apparent from the description below.

- BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, somewhat dia-
gramatically and by way of example only, with refer-
ence to the accompanying drawings, wherein:
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FIG. 1 is a three-dimensional view illustrating one
form of wave motor constructed in accordance with the
invention;

FIG. 2 is an end view of the wave motor of FIG. 1;

FIG. 3 is a three-dimensional view illustrating some
of the elements in one of the drive units in the wave
motor of FIG. 3;

FIG. 4 illustrates one form of one-way clutch that
may be used in the wave motor of FIGS. 1-3;

FIG. § is a vertical sectional view of another wave
motor constructed in accordance with the invention;
and

FIG. 6 is a three-dimensional view 1llustrat1ng the
main elements in one of the drive units in the wave
motor of FIG. 5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The wave motor illustrated in the drawings com-
prises an elongated housing, generally designated 2,
mounted by a plurality of columns 4 above a body of
water 6 subject to waves. Housing 2 encloses a plurality
of drive units each including a float 10 vertically mov-
able with respect to an opening in the housing bottom
wall 11 on one side of the mounting columns 4, and
another float 12 vertically movable with respect to an
opening in the bottom wall 13 on the other side of the
mounting columns. Any desired number of such drive
units could be provided lengthwise of housing 2, each
drive unit including a pair of such floats 10, 12. Housing -
2 is mounted over the body of water so as to extend
lengthwise substantially perpendicular to the direction
of propagation of the waves, whereby a wave will nor-
mally intercept one of the floats (e.g. the left float 10) in
each of the drive units, and then will intercept the other
float (e.g. the right float 12) in each drive unit.

As shown particularly in FIGS. 2 and 3, the wave
motor comprises a pair of shafts S1, S2 extending the
complete length of housing 2. Shaft S1 is coupled to all
the drive units in the manner to be described below so
as to be driven thereby in one direction (clockwise as
shown in FIG. 3), whereas shaft S2 is coupled to all the
drive units so as to'be driven thereby in the opposite
direction (counter-clockwise in FIG. 3). Both shafts S1
and S2 are in turn coupled to an output drive shaft SO
driven thereby in one direction, in this case in the same
direction (clockwise) as shaft S1.

Thus, the mechanical power produced by the wave
motor illustrated in the drawings is outputted through
the output drive shaft S0. This shaft may be connected
to an electrical generator, a pump, or any other device
for utilizing or storing the mechanical energy produced
by the wave motor.

The left float 10 of each drive unit is suspended from
a rod 20 passing through a'guide 22 formed in the lower
housing wall 11. The upper end of rod 20 is hinged at 24
to one end of a short connecting rod 26, the opposite
end of which is hinged at 28 to one end of a lever arm
30 pivotably mounted at 32 to the upper wall 34 of
housing 2. The opposite end of lever arm 30 is hinged at
36 to a connecting rod 38 which in turn is hinged at 40
to an eccentric point on a toothed wheel 42 rotatable
about its center axis 44. Wheel 42 thus serves as an
oscillatable member which is coupled to its float 10 so as
to be oscillated through a forward stroke (wherein the
wheel partially rotates counter-clockwise) by the ascent
of the float upon its interception of a wave crest, and
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through a return stroke (clockwise) by the descent of
the float upon its interception of a wave trough.

Toothed wheel 42 is coupled by a transmission to the
two shafts S1 and S2 by means of two one-way clutches
effective to rotate shaft S1 in one direction (clockwise)
during the forward stroke of wheel 42 upon the ascent
of float 10, and to rotate shaft S2 in the opposite direc-
tion (counter-clockwise) during the return stroke upon
the descent of float 10.

The foregoing transmission, best seen in FIG. 3, in-
cludes a closed-loop chain 46 trained about the outer
teeth on wheel 42. Chain 46 is also trained about the
outer teeth on a first one-way clutch 48 coupled to shaft
$1, and on a second one-way clutch 50 coupled to shaft
S2.

FIG. 4 illustrates, for purposes of example only, one
form of one-way clutch which may be used, the con-
struction shown in FIG. 4 being that for clutch 48. The
clutch includes an outer body in the form of a ring 52
having teeth 54 receiving chain 46, and an inner body in
the form of a ratchet 56 fixed to shaft S1 and coupled to
the outer ring 52 by means of a plurality of balls 58. As
known in such one-way clutches, the outer surface of
the teeth of ratchet 56 is shaped such that when the
outer ring 52 rotates in one direction (in this case clock-
wise), it tends to wedge balls 58 between it and the
ratchet, thereby effecting a coupling between the two
bodies; whereas when the outer ring rotates in the oppo-
site direction (counter-clockwise), the balls effectively
decouple the two bodies so that the outer ring 52 is
free-running with respect to the ratchet.

One-way clutch 50 is of the same construction as
clutch 48, except that it effects a coupling between
chain 46 and shaft S2 during the opposite direction of
movement of the chain (i.e.,, to rotate shaft S2 in the
counter-clockwise direction), and is free-running in the
clockwise direction.

It will thus be seen that the ascent of float 10 drives
wheel 42 counter-clockwise so as to rotate shaft S2
counter-clockwise via engaged clutch 50, and the de-
scent of the float drives wheel 42 clockwise so as to
rotate shaft S1 clockwise via engaged clutch 48.

A similar oscillating wheel is provided with respect
to the right float 12 to rotate shaft S1 (clockwise) during
one stroke of the oscillating member, and to drive shaft
S2 (counter-clockwise) during the outer stroke of the
member. To facilitate understanding the drive mecha-
nism cooperably with the right float 12, the same refer-
ence numerals have been used but containing a “prime”
mark, for the corresponding elements described above
with respect to the left float 10. Thus, the ascent of the
right float 12 causes (via the rods 20", 26', lever 30’, and
connecting rod 38’) the clockwise rotation of wheel 42/,
which in turn (via its chain 46', one-way clutch 48’
coupled to shaft S, and one-way clutch 50’ coupled to
shaft S2) rotates shaft S1 in the same direction (clock-
wise) as it is driven by the above-described wheel 42
(shaft S2 being decoupled from wheel 42’ by the one-
way clutch 50°); and the descent of the right float 12,
causes the counter-clockwise rotation of wheel 42,
which in turn rotates shaft S2 counter-clockwise (shaft
S1 being decoupled by one-way clutch 48").

It will be appreciated that each drive unit within
housing 2 includes a pair of floats corresponding to the
left float 10 and the right float 12, each pair cooperating
with a corresponding mechanism as described above to
drive shaft S1 in one direction and shaft S2 in the oppo-
site direction.
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As also best seen in FIG. 3, the two shafts S1 and S2
are both coupled at their left ends to the output drive
shaft SO such as to rotate the latter shaft in one direc-
tion, clockwise in this case. For this purpose, the output
shaft S0 is coupled to shaft S1 by a direct motion cou-
pling including a gear 60 fixed to the end of shaft S1 and
coupled by a chain 62 to another gear 64 fixed to the
output shaft S0. Output shaft is coupled to shaft S2by a
motion-reversing coupling including a gear 66 fixed to
the end of shaft S2 engaging a gear 68 fixed to the out-
put shaft SO,

The wave motor illustrated in FIGS. 5 and 6 of the
drawings comprises a housing, generally designated
102, which is elongated as in FIGS. 1-4 and is mounted
by a plurality of columns 104 above the body of water
106. Housing 102 encloses a plurality of drive units each
including a float 112 vertically movable in the upward
direction with a wave crest and in a downward direc-
tion with a wave trough. This vertical movement of the
float 112 drives a pair of shafis S1’, $2’ in opposite direc-
tions, which shafts in turn drive a single output shaft SO’

.in one direction, all as described with respect to FIGS.

1-4, particularly the shafts S1, S2, S0, respectively.

In the embodiment of FIGS. 5 and 6, however, a
simplified arrangement is used for coupling the floats
112 to the two shafts S1’, S2'.

Thus, each float 112 is coupled to a displaceable
member in the form of a rack 120 such that the rack is
displaced through an upward stroke by the ascent of the
float and through a downward stroke by its descent.
The vertical movement of rack 120 is guided by a pair
of bearings 122, 124 within the housing 102. Rack 120 is
formed with teeth 126 which mesh with the outer teeth
of a first one-way clutch 148 and also with the outer
teeth of a second one-way clutch 150.

The one-way clutches 148 and 150 correspond in
structure and function to the one-way clutches 48 and
50 in the above-described FIGS. 1-4 and are effective,
in the same manner as described there, to rotate shaft
S1' in one direction during one stroke of the rack, and
the other shaft S2’ in the opposite direction during the
other stroke of the rack. In the arrangement illustrated
particularly in FIG. 6, it will be seen that the upward
stroke of rack 120 will effect the counter-clockwise
rotation of shaft S2’, and the downstroke of the rack
will effect the clockwise rotation of shaft S1'.

As also described above, the two shafts S1' and S2°
are both coupled at their left ends to the output drive
shaft S0’ so as to rotate the latter shaft in one direction,
clockwise in this case. This is effected by the provision
of gear 160 fixed to the end of shaft S1’ and coupled by
chain 162 to another gear 164 fixed to the output shaft
S0', and by gear 166 fixed to the end of shaft S2’ engag-
ing a gear 168 fixed to the output shaft SO, all as de-
scribed above with respect to FIGS. 1-4 wherein the
corresponding elements are numbered 60, 62, 64, 66 and
68, respectively.

While FIGS. 5§ and 6 of the enclosed drawings illus-
trate only one drive unit driven by one float 112 in a
body of water 106, it will be appreciated that the wave
motor would include a plurality of such drive units,
namely a plurality of floats arranged longitudinally of
the wave motor housing, a plurality of racks each cou-
pled to one of the floats, and a plurality of pairs of
one-way clutches each pair coupling one of the racks to
the pair of shafts S1’, S2’, as in the FIGS. 1-4 embodi-
ment.



4,145,885

5

While the invention has been described with respect
to two preferred embodiments for purposes of example,
it will be appreciated that many variations can be made.
For example, other mechanisms can be used for cou-
pling the two oppositely-rotating shafts S1, S2 to the
output drive shaft S0, and other one-way clutch mecha-
nisms can be used. Many other variations, modifications
and applications of the invention will be apparent.

What is claimed is:

1. A wave motor, comprising: a first float; a first
displaceable member coupled to said float so as to be
displaced through a forward stroke by the ascent of the
float, and through a return stroke by the descent of the
float; a pair of shafts; a first transmission coupling said
displaceable member to said pair of shafts; said transmis-
sion including a first one-way clutch coupling the first
displaceable member to one shaft to rotate same in one
direction during the displacement of said member
through its forward stroke, and ‘a second one-way
clutch coupling the first displaceable member to the
other shaft to rotate same in the opposite direction dur-
ing the displacement of the member through its return
stroke; a second float; a second displaceable member
coupled to said second float so as to be displaced by the
ascent and ‘descent thereof: and a second transmission
including third and fourth one-way clutches coupling
said second displaceable member to said pair of shafts
such that the displacement of the second member ro-
tates said one shaft in said one direction and said other
shaft in said opposite direction.

2. A wave motor according to claim 1, wherein each
of said displaceable members is a wheel coupled to its
respective float so as to be partially rotated in one direc-
tion during the ascent of its respective float, and par-
tially rotated in the opposite direction during the de-
scent of its respective float, each of said wheels and
one-way clutches including teeth, and each of said
transmissions comprising a separate closed-loop chain
trained around the teeth of its respective wheel and of
its respective two one-way clutches.

3. A wave motor, comprising: a float; a displaceable
member coupled to said float so as to be displaced
through a forward stroke by the ascent of the float, and
through a return stroke by the descent of the float; a
pair of shafts; and a transmission coupling said displace-
able member to said pair of shafts; said transmission
including a first one-way clutch coupling the displace-
able member to one shaft to rotate same in one direction
during the displacement of said member through its
forward stroke, and a second one-way clutch coupling
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6

the displaceable member to the other shaft to rotate
same in the opposite direction during the displacement
of the member through its return stroke; said pair of
shafts being coupled to a common output drive shaft,
one by a direct-motion coupling, and the other by a
motion-reversing coupling, so that said common output
drive shaft is driven in the same direction by said pair of
oppositely rotating shafts.

4. A wave motor according to claim 3, wherein there
are a plurality of drive units each including at least one
of said floats, displaceable members, and transmissions,
all coupled to said pair of shafts for driving same in
opposite directions.

5. A wave motor, comprising: a float; a displaceable
member coupled to said float so as to be displaced
through a forward stroke by the ascent of the float, and
through a return stroke by the descent of the float; a
pair of shafts; and a transmission coupling said displace-
able member to said pair of shafts; said transmission
including a first one-way clutch coupling the displace-
able member to one shaft to rotate same in one direction
during the displacement of said member through its
forward stroke, and a second one-way clutch coupling
the displaceable member to the other shaft to rotate
same in the opposite direction during the displacement
of the member through its return stroke; said displace-
able member comprising a rack coupled to said float so
as to be displaced through an upward stroke by the
ascent of the float and through a downward stroke by
the descent of the float; said transmission coupling said
float to said pair of shafts comprising teeth formed on
said rack meshing with gears coupled by said one-way
clutches to said pair of shafts to rotate one shaft in one
direction during the upward stroke of the rack, and to
rotate the other shaft in the opposite direction during
the downward stroke of the rack.

6. A wave motor according to claim 5, wherein there
are a plurality of drive units, each including a float, a
rack, and a pair of one-way clutches, said pair of shafts
being driven by all the floats each coupled to one of the
racks, each rack being coupled to said pair of shafts via
one pair of said one-way clutches.

7. A wave motor according to claim 6, further includ-
ing a2 common housing for said plurality of drive units,
the latter extending longitudinally of the housing, and
mounting means mounting the housing above a body of
water subject to waves with the float of each drive unit
depending from opposite sides of the housing so as to be

caused to ascend and descend by said waves.
* xX * x »
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[57] ABSTRACT

The invention relates to a method and device for gener-
ating electric power by use of wave force.

According to the invention, it is possiblke to obtain the
required power using the floatation bladders rising and
falling repeatedly with waves as a power using the
floatation bladders rising and falling repeatedly with
waves as a power source and the rotation force of gears
connected to the floatation bladders through ropes. The
invention has advantages in that the construction of the
power generating means and its supporting means are
simple, execution of work is easy, a kinetic energy is
convertable into an electric energy using the floatation
bladders regardless of the magnitude of waves, and
even in the deep sea, the base frame is not installed on
the sea bed, but in a fixed depth under the mean sea
level, and thereby the maintenance and repair of device
is carried out without any difficulty.

3 Claims, 10 Drawing Sheets
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METHOD AND DEVICE FOR GENERATING
ELECTRIC POWER BY USE OF WAVE FORCE

FIELD OF THE INVENTION

The present invention relates to a method and device
for generating the electric power using the force of
waves produced on the surface of the sea, and particu-
larly to a method and device for generating the electric
power by the use of wave force, which is designed to
generate the electric energy by making the floatation
bladders risen on the surface of the water to rise and fall
repeatedly using the difference of heights between the
ridges and troughs of waves produced continuously,
rotating the pulleys set up in a certain depth under the
sea level by means of periodic up and down motion of
the floatation bladders, and driving the generators by
the power changed in speed through transmission gears.

BACKGROUND OF THE INVENTION

It is well known that the sea has always waves caused
by a meteorological action, and such waves vary in size
because the height, length, cycle, speed, etc. of waves
are changed from time to time, but they have usually a
course to advance from the offing toward the seashore.

Accordingly, various proposals and attempts are
recently made on a device for generating the electric
power by catching and using waves produced repeat-
edly without interruption with the said wave height,
wave length and wave-cycle, and converting them into
energy.

There are two kinds of conventional oceanic energy
conversion modes: one is designed to make the floata-
tion bladders to rise using the difference between the
ebb and flow of the tide, to operate the piston pump,
etc. by the rising force to suck the sea water up to a
certain height, and then to rotate the turbine for produc-
tion of electric, power using the head of thus sucked sea
water; the other is designed to make the floatation blad-
ders rise by their own rising force at high tide, the sea
water to be stored in the floatation bladders at low tide,
the floatation bladders to fall under the weight of the
sea water, a separate fluid pressure means to be oper-
ated, and to obtain the power for generating electricity
by a fluid ran out of the fluid pressure means.

However, the above-mentioned conventional device
for generating electric power has problems in that it is
restricted by the place of installation so that it may be
installed only near the inshore contiguous to the sea-
shore, and that the overall construction of the -device is
too complex and incomplete to be put to practical use.

SUMMARY OF THE INVENTION

The principal object of the invention is to provide a
method and device for generating electric power by use
of wave force, which has not such problems as the
conventional method of generating electric power.

It is another object of the invention to provide a
method and device for generating electric power,
which is designed to apply efficiently not only in the
inshore, but also in the deep sea.

It is a further object of the invention to provide a
method and device for generating electric power by use
of wave force, which is designed to convert efficiently
a kinetic energy of waves produced in the inshore and
deep sea into an electric energy by means of simple
apparatus and easy method of installation.
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In one aspect of the invention, the device for generat-
ing electric power comprises a supporting means in-
stalled in a fixed depth from the sea bottom or mean sea -
level, a pulley mounted rotatably by the supporting
means, a floatation bladder floated on the surface of the
sea for rising and falling along the wave-height, a wire
rope connected between the floatation bladder and the
weight and wound up around the pulley so as to make
the pulley rotate according to the up and down move-
ment, and variable transmission gears for converting the
rotation force of the said pulley and driving the device
for generating electric power or compression pump.

According to the invention composed as described
above, it is formed in such structure that the rise and fall
of the floatation bladders, which is effected repeatedly
along the height of waves produced without cease
draws the wire rope and thereby rotates and drives the’
puiley. Therefore it is possible to simplify the construc-
tion of means for generating the power and to make the
execution of work simple and easy. Moreover, the rise
and fall of the floatation bladders driving the pulley is
effected with such short cycle as the moving cycle of
waves which are the power sources, the momentum of
waves is almost captured for use without failing to
catch very small movement of waves, and the pulley is
rotated and driven with almost the same magnitude as
the momentum of waves. Accordingly it is possible to
improve the efficiency of wave utilization.

According to an embodiment of the device for gener-
ating electric power by use of wave force, evenin a case
where many floatation bladders and pulleys are in-
stalled in the deep sea, it is of installation structure to be
mounted on a frame which is a supporting means rising
to a predetermined position under the mean sea level, so
that the execution of work is very simple and easy, and
it is possible to maintain stably the installing position of
the frame at all times independently of the rise and fall
of each floatation bladder which is effected continu-
ously.

In another aspect of the invention, the device for
generating electric power comprises a rotary column
and a generator installed in the fixed depth, from the
mean sea level a floatation bladder floated on the sur-
face of the sea for repeating the rise and fall movement,
and a chain for transmitting the rise and fall of the floa~
tation bladder to the generator.

According to the invention composed as described
above, the floatation bladders rise and fall by waves
advancing continuously and repeatedly on the surface
of the sea, and the rise and fall movement is transmitted
through the rope and chain to a chain pulley connected
to the driving shaft gear of transmission and the chain to
drive the generator by variable rotation force, so that it
is possible not only to reduce the unit cost of electric
power by simplifying the construction of power gener-
ating means, but also to convert a kinetic energy of
waves into an electric energy with the loss of energy
minimized by transmitting efficiently the kinetic energy
of waves to the generator.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments and operational effects of the invention
will now be described in more detail, by way of exam-
ple, with reference to the accompanying drawings. In
the drawings,

FIG. 1 is a side view illustrating an embodiment of
the invention,
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FIG. 2is a side view illustrating another embodiment
of the invention,

FIG. 3 is a partial side view illustrating further em-
bodiment of the invention,

FIG. 4 is a partial plan view of FIG. 3,

FIG. § is a diagram illustrating the construction of
the electric motor and the device for generating electric
power according to the invention,

FIG. 6 is a diagram illustrating another method of
generating electric power according to the invention,

FIG. 7 is a partial elevation view illustrating another
embodiment of the invention,

FIG. 8 is a partial enlarged view of FIG. 7,

FIG. 9 is a plan view illustrating a combination of
many devices of FIG. 7,

FIG. 10 is a disassembled perspective view showing
the part B of FIG. 9,

FIG. 11 is a sectional view taken along the line A—A
in FIG. 8,

FIG. 12 is an enlarged view showing the part A of
FIG. &

FIG. 13 is an elevation view illustrating the connec-
tion between the floatation bladder and the rope,

FIG. 14 is a longitudinal sectional view of the floata-
tion bladder,

FIG. 15 is a plan view of partial cut-off floatation
bladder.

DETAILED DESCRIPTION OF THE
INVENTION

As is shown in FIG. 1 which illustrates an embodi-
ment wherein the device for generating electric power
by use of wave force according to the method of the
invention is installed in the inshore having a depth of
about 9-15 m, a concrete base 1 is laid under the sea bed,
a supporting framework 2 having a fixed height is in-
stalled on the upper side of the concrete base 1, and a
support member 3 secured to an upper part of the sup-
porting framework 2 is provided with a pulley 4 which
is located in a depth of about 3-4 m under the mean sea
level.

Subsequently, a floatation bladder 5 having a re-
quired buoyant force (approximately 1-3 tons) is floated
on the surface of the sea, and the floatation bladder 5 is
connected at the middle of its bottom to an end of a wire
rope 6 having a fixed length, and after winding one time
round the said pulley 4, the extended end of the wire
rope 6 is connected and fixed to a weight 7 (about
200-500 kg).

The bottom of each floatation bladder 5 rising onthe
surface of the sea is connected to one end of two other
anchor ropes 8 (only one is shown in the drawing) and
the other end of each anchor rope 8 is connected and
fixed to anchors 9 (only one is shown in the drawing)
secured in a space to the front side of the supporting
framework 2 on which the said pulley 4 is mounted, that
is, to both sides of the sea bottom in the main advancing
direction of waves as shown by the arrow, so that the
floatation bladders 5 rising on the surface of the sea do
not move horizontally according to the advancing di-
rection of waves, but operate only in the up and down
direction.

When anchors are installed, it is preferable to locate
the position of anchors 9 in which each rope 8 is se-
cured, one both sides in a distance equivalent to about
1.2-1.5 times of the depth (9-15 m) from the supporting
framework 2 on which the said pulley 4 is mounted, and
to maintain the angle between both anchor ropes 8 with

15

20

25

30

35

40

45

50

35

60

65

4
the connecting part of floatation bladders 5 as a center
in about 30°—40°.

The mounted pulley 4 is designed to rotate counter-
clockwise and clockwise as the up and down move-
ments of floatation bladders 5 are repeated. According
to the invention the power is generated using the rota-
tion force of pulley 4 produced when the floatation
bladder 5 obtains an upward bouyant force.

FIG. 5 shows an example of the power transmission
process according to the rotation of pulley 4 as de-
scribed above, in which on the other upper part of the
supporting framework 2 on which the said pulley 4 is
mounted, are mounted the transmission 30 and the elec-
tric generator 40, respectively, and the edge of input
shaft 31 passing outward through one side wall of the
transmission 30 and the edge of the rotary shaft 4a of
pulley 4 are connected by a motor-operated -clutch 32.

At the end of input shaft 31 located in the interior of
the transmission 30 is mounted an input gear 33, which
is engaged with a one-way gear 34 designed to rotate
only when the said pulley 4 and the input gear 33 rotate
by the rising force of the floatation bladder 5, and at the
other end of the shaft 34a on which the one-way gear 34
is mounted, the first interlocking gear 34’ is mounted.
On the other hand, the other side wall of the transmis-
sion 30 is provided with an output shaft 38a, and the
second, third and fourth interlocking gears 35, 35'; 36,
36'; 37, 37 for changing the rotation force and speed of
the said puiley 4 so as to become such one as required
for driving of the electric generator 40 are mounted one
after another between the cutput gear 38 secured to the

"interior end of the output shaft 38a and the said first

interlocking gear 34'. Furthermore, the exterior end of
the output shaft 38a of the said transmission 30 is con-
nected to the end of the driving shaft 41 of the electric
generator 40 through the motor-operated clutch 42 so
that the electric generator 40 is driven directly by the
rotation force increased through the said transmission
30 to generate electric power.

However, according to the said device for generating
electric power, or in other words, according to a device
generating electric power which is, according to the
invention, designed to generate the power using the
rotation force of the pulley 4 produced by the upward
bouyant force of the floatation bladders 5, and to be
transmitted the power through the one-way gear 34 of
the transmission 30, the driving force necessary for
generating the electric power is transmitted not contin-
uously but intermittently, and accordingly the electric
power produced by the electric generator 40 is also
output intermittently. Therefore, the electric power is
first stored in a storage battery 50, and in a case of need,
it is possible to use the electric power charged in the
storage battery 50.

The aforementioned embodiment is to output in in-
creased speed the power generated according to the
invention through the output shaft 384 of transmission
30, to drive thereby directly the electric generator 40,
and to generate the electricity. However, the invention
may be applied to any ordinary mode for generating
electric power in which as illustrated in FIG. 6, a piston
pump 60 is driven by the power transmitted to the out-
put shaft 38z of transmission, and the sea water is
pressed out to and stored in a dam or reservoir con-
structed at the seashore by means of the sucking and
compressing action of the piston 61 so as to use the head
of stored sea water. Moreover, the invention is not
limited to the above-described embodiments, but it is
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possible to adopt other modes of generating electric
power as applied according to the principles of the
invention.

FIG. 2 shows another embodiment in which the de-
vice for generating electric power according to the
invention is installed in the vicinity of the inshore as
described above. According to the embodiment, a sup-
porting pole 11 is erected vertically on the concrete
base 1 laid under the sea bed of the sea bottom, and on
the top of the pole 11 is mounted a pulley 4 as described
above, and the pulley 4 is located in depth of about 1 m
under the mean sea level so as to rotate freely in any
direction from the pole 11 as a center.

One end of an operation lever 12 having a fixed
length (about 5 m) is secured to the rotary shaft 4a in
which the pulley 4 is fitted as described above, and the
other end is connected to the floatation bladder 5 rising
on the surface of the sea by a wire rope 13 having short
length (about 1 m).

The support of rotary shaft 4a is rotatably coupled to
pole 11, illustrated in FIG. 2 by inserting the support
into the cavity of the pole frame. Accordingly the floa-
tation bladder 5 can rotate round the pole 11 with a
fixed radius having the pole 11 as a center in the advanc-
ing direction of waves and to be repeated only the rise
and fall in the upward and downward direction along
the height of waves in a state located in the opposite
direction of the advancing side of waves. The operation
lever 12 connected to the rotary shaft 4a of the pulley 4
is travelled upward and downward with the rotary
shaft 4a as a center, and the pulley 4 is also rotated
clockwise and counterclockwise, and it is thereby possi-
ble to obtain the power to drive the transmission 30 and
the electric generator 40 or the piston pump 6, as de-
scribed above.

FIG. 3 and FIG. 4 show further embodiments in
which the device for generating electric power accord-
ing to the invention is installed in the deep sea having
depth of about 150-120 m.

The reference number 20 in the drawings represents a
frame installed in a fixed depth (about 9-10 m) under the
mean sea level for mounting the floatation bladder § and
pulley 4 as described above. The frame 20 comprises a
plurality of hollow support pipes 21, 21’ of a predeter-
mined dimension which are arranged in a form of lattice
with a certain space on the same plane. On the frame 20
are mounted a plurality of floatation bladders 5 and
pulleys 4 having such construction as described in the
first embodiment by means of respective supporting
framework 2. ¢

The frame 20 is located always in a proper position
under the surface of the sea, in other words, in the depth
of about 9-10 m under the mean sea level by the buoy-
ant force of the hollow formed interior of each support-
ing pipe 21, 21’ connected longitudinally and Ilatitudi-
nally to each other and the air biadder 22 mounted in a
fixed position on the supporting pipes 21, 21’ and rising
on the surface of the sea.

1t is practicable by making the entire load applied to
the frame 20 to be equal to the total buoyant force act-
ing by the sum of the self-buoyant force of the hollows
of each supporting pipes 21, 21’ and the buoyant force
of the air bladders 22.

In the plane space between supporting pipes 21, 2%
arranged with a certain space as described above, is
mounted at one side a rectangular load box 23 of a fixed
dimension open to the bottom so that the frame 20 is
prevented from floating upward and downward as a
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whole due to a force acting at the time when each floa-
tation bladder 5 on the top of the wire rope 6 wound
around the pulley 4 located in the upper part rises foi-
lowing the waveheight.

On the other hand, a frame 20 is mounted in such way
that the frame 20 and the anchor 9 secured to the sea
bed of sea bottom are connected each other by an an-
chor rope 8 or chain so that the frame 20 is prevented
from a horizontal travelling beyond a certain distance
by the force of waves, and is movable along the advanc-
ing direction of waves in the limit of the radius of the
anchor rope 8.

Since each floatation bladder § connected to the said
pulley 4 via the wire rope 6 is connected by other wire
ropes 24, 24’ one end of which is fixed to the supporting
framework 2, a rising and falling movement of the floa-
tation bladder 5 according to the difference of wave-
heights can be obtained without a horizontal travelling
beyond a certain distance in the advancing direction of
waves, and on the rotary shaft 4a of each pulley 4 are
mounted the transmission 30 and electric generator 40,
respectively, so as to generate the required electric
power.

The device of the invention with such construction as
described in the above-mentioned embodiments, must
be installed in such way that a plurality of floatation
bladders 5, pulleys 4 and load boxes 23 are mounted on
the frame 20, and the frame 20 is mounted so as to main-
tain always, a state parallel to the mean sea level in the
fixed depth under the mean sea level by means of the
selfbuoyant force of each supporting pipes 21, 21’ and
air bladder 22, and thus mounted frame 20 is not al-
lowed to rise together with each floatation bladder §
when this is rising. To this end, the frame 20 of the
device according to the invention is provided with a
rectangular load box 23 open to the bottom as described
above so as to have a controlling force corresponding to
the rising force of each floatation bladder 5. A detailed
example thereof will now be described.

In a case where a frame 20 is made by 32 m X 64 m in
size and 2048 m2 (4 m X 8 m) in the total surface area, it
is possible to install about sixty floatation bladders 5 on
a frame 20.

Considering that the buoyant force B of one floata-
tion bladder 5 is about two tons, and the time in which
the rising force acts on each floatation bladder 5 is 3-7
seconds, it is required that the frame 20 is not moved
upwards within such time.

Accordingly when the load box 23 installed under the
bottom of each floatation bladder 5§ is made by 4 m in
width, 4 m in length and 1 m in height, and its specific
weight is 1 ton, the full load G of the load box 23
amounts to 16 tons (4 X4X 1X 1), that is,

B:2 tons>G:16 tons

Wherein the upward buoyant force B acting through
each floatation bladder 5 is 2 tons, while the full load of
each load box 23 is 16 tons so that the frame 20 is not
travelled by the rising action of each floatation bladder
5, but maintained stably at the horizontal degree in a
certain depth under the mean sea level. Moreover, since
each floatation bladder § is not operated at the same
time depending on the difference of deformation cycles
of waves, the installing condition of the frame 20 is to be
maintained at all times parallel to the mean sea level
regardless of the rise and fall of the floatation bladder 5.
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As is shown in FIG. 7, which is a partial elevation
view showing a state that a device for generating elec-
tric power by use of wave force according to another
embodiment of the invention is installed in the sea, and
in FIG. 8, which is a partial enlarged-scale view of FIG.
7, the four corners of the lattice-formed frame 71 in-
stalled in a fixed depth (about 10 m) in the sea are con-
nected to and supported by the anchor 79 fixed on the
sea bed through a rope 82, and four air pockets 80 per
compartment are mounted on the lattice-formed frame
71 of the rotary column 72 in such manner that the
buoyant force acting to the air pockets 80 comes to 1.2
times of the total underwater weight represented by a
compartment, and the whole device is not swayed or
shaken by a little ocean current of the sea bed without
appling an excessive force to the rope 82 connected to
the said anchor 79.

The rotary column 72 is supported and fixed rotat-
ably at its lower part by four I-form beams secured to
the frame 71. The upper part of the rotary column 72 is
formed of H-form beam, while the lower part is formed
of a cylindrical tube. The top 72A of the rotary column
72 is connected to the floatation bladder 73 located on
the surface of the sea by the rope 81, and in the middle
of the rotary column 72, an upper arm 84 provided with
the pulley 83 and 96 at the top is mounted perpendicular
to the rotary column 72. Referring to FIG. 8 under the
said upper arm 84 a lower arm 86 is mounted perpendic-
ular to the rotary column 72, and between the upper and
lower arms 84, 86 a reinforcing member 87 is mounted
in connection with them, and in the middle of the rein-
forcing member 87 a supporting member 88 is mounted
perpendicular to the reinforcing member 87.

On the front edge of the supporting member 88 is
mounted a rotary shaft 89 of the first sprocket 85 in
which the oneway clutch (bearing 103 FIG. 11) is inter-
posed, and at the extension of the rotary shaft 89 is
mounted the second sprocket 99 which is connected to
the third sprocket 100 mounted on the input shaft 77 of
the transmission through the chain 102. The chain 102
wound between the second and third sprockets 99, 100
is constructed in such a way that the tension is regulated
by the tension sprocket 101 mounted movably on the
lower arm 86.

The stand 92 of the transmission and the electric
generator 91 located under the lower arm 86 and
mounted perpendicular to the rotary column 72 is con-
nected at its front edge to one end of the upper arm 84
via the turnbuckle 93 and the tie rod 9.

Referring back to FIG. 7, the rope 74 connected to
the bottom of the floatation bladder 73 located on the
surface of the sea and extended in vertical direction is
connected to the chain 75 above the pulley 83, and the
chain 75 passes between the pulleys 83, 96 and winds
round the first sprocket 85 and then connected to the
plumb 78 having a predetermined weight (about 300 kg)
through the pulley 97 mounted at the front edge of the
lower arm 86.

According to such construction, when the floatation
bladder 73 is in the rise and fall motion, the rise and fall
is transmitted to the first sprocket 85 via the rope 74 and
chain 75 and rotates the first sprocket 85 clockwise and
counterclockwise, but the second sprocket 99 rotates
only when an upward buoyant force acts on the floata-
tion bladder 73, by means of the one-way clutch bearing
103 inserted in the first sprocket 99 In other words, the
second sprocket 99 rotates intermittently in one way,
and accordingly the third sprocket 100 mounted on the
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input shaft 77 of the transmission and the electric gener-
ator 91 rotate also intermittently to drive the electric
generator intermittently.

FIG. 12 is a detailed view illustrating the connecting
condition between H-form beam 105 forming the upper
part of the rotary column 72 and the lower cylindrical
tube 104, in which the upper flange 106 and lower
flange 107 of the top of the cylindrical tube 104 are
connected to each other by four ribs 108 formed around
the cylindrical tube 104, and on the surface of the upper
flange 106 is welded the lower end of H-form beam 105.
The bottom of the lower flange 107 and the upper part
of the cylindrical tube 104 are contacted with and sup-
ported by rotatably the upper surface and inner surface
of a packing 109 such as teflon, respectively, and at the
same time the peripheral surface of such packing 109 is
enclosed by a cylindrical hollow steel pipe 110. The
lower end of the rotary column 72 is inserted and se-
cured rotatably in a cylindrical (FIG. 8) formed on the
supporting member 111 (FIG. 8) welded in the middie
of four I-form beams supporting the rotary column 72.
On the periphery of the part in which the cylindrical
tube 104 is inserted, in other words, on the inside of the
fixture 112 is formed a packing so as to make a smooth
rotation of the rotary column 72.

As is shown in FIG. 11 the second sprocket 99 is
mounted on the rotary shaft 89 of the first sprocket 85 in
which the one-way clutch bearing 103 is interposed.
Consequently, even when the first sprocket 85 rotates
clockwise and counterclockwise by the rise and fall of
the floatation bladder 73, only the rotation force pro-
duced at the moment the upward buoyant force acts on
the floatation bladder 73, is transmitted to the second
sprocket 99. In other words, when the floatation blad-
der 73 falls, the first sprocket 85 is out of gear and ac-
cordingly the second sprocket 99 is not rotated.

As is shown in FIG. 9, which is a partial plan view of
the device for generating electric power by use of wave
force according to the present embodiment, each frame
71 having one floatation bladder 73 forms as a whole a
lattice-form arrangement connected to adjacent frames
in all directions on the same plane. In other words, in a
fixed position on the frame 71 extended in all directions
with the rotary column 72 on the frame 71 as a center is
mounted an air pocket 80, so as to provide the frame 71
with the upward buoyant force, and each front edge of
the frame 71 is couple with the adjacent frame by a
wedge 82 and U-form bolt 83 as shown in FIG. 10.

As is shown in FIG. 14, which is a longitudinal sec-
tional view of the floatation bladder 73, and in FIG. 15,
which is a partially cutout plan view of the floatation
bladder 73, is coupled by bolt with a packing interposed
so that the inner part of the floatation bladder is sea-led
completely to prevent the sea water from infiltrating
into it.

As is shown in FIG. 13 and FIG. 15, in the middle of
the bottom of floatation bladder 73 is attached by bolts
a rectangular plate 114 for connecting the ropes, and in
the middle of the plate 114 are formed on both sides the
first coupling member 115 for coupling with the rope 74
connected to the chain 75 and two second coupling
members 116 for coupling with the rope 81 connected
to the front edge 72A of the rotary column 72. The first
coupling member 115 and the second coupling members
116 are connected to ropes 74 and 81 through shackles
117, and the rope 81 connected to the front edge 72A of
the rotary column 72 is divided into two ropes at the
lower part of the floatation bladder 73 and each rope is
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connected to the second coupling members 116, respec-
tively. Accordingly, the floatation bladder 73 on the
surface of the sea remains at all times in the line of
apsides perpendicular to the direction of the wind by
means of the rope 74 extended downward vertically
from the first coupling member 115 on the bottom and
the rope 81 connected to the front edge 72A of the
rotary column 72 from the second coupling member
116.

In other words, all floatation bladders 73 located on
the surface of the sea are arranged in the line of apsides
perpendicular to the advancing direction of waves.

As described above, the power is transmitted to the
transmission and the electric generator 91 only when
the upward buoyant force acts on the floatation bladder
73, and accordingly the electricity produced out of the
electric generator is also output intermittently. There-
fore the electricity is stored first in the storage battery
and when needed, it is possibie to use the electricity
charged, in the storage battery. At this moment the
casing 91A in which the transmission and the electric
generator 91 are contained, is sealed completely and
filled; with the compressed air so as to maintain in the
interior of the casing 91A the pressure equivalent to 1.2
times of the hydraulic pressure applied to the water
depth, and the sea water is thereby prevented from
infiltrating the casing 91A of the said transmission and
the electric generator 91.

According to this embodiment, it is designed to out-
put the power produced according to the invention
with the speed increased through the transmission, and
thereby to drive directly the electric generator to gener-
ate the electricity, but in embodying the invention, it is
also possible to drive the piston pump or air compressor
with the power transmitted to the output side of the
transmission and thereby to convert it into a power
utilizable actually for the human life.

As described above, this embodiment is designed to
obtain the required power using the floatation bladder
73 rising and falling repeatedly without interruption
with waves as power source and the rotation force of
gears connected to the floatation bladder 73 through the
rope 74. Therefore it is possible to simplify the con-
struction of the means for generating power and the
supporting means thereof and to make the execution of
work simple and easy. Moreover, since the floatation
bladder 73 is almost restrained from moving trans-
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versely by two ropes without regard to the magnitude
of waves, and the line of apsides of the floatation blad-
der 73 is always perpendicular to the advancing direc-
tion of waves, it is possible to convert efficiently the
kinetic energy of waves into an electric energy.

Particularly, even in a case where the device of the
above-described embodiment is installed in the deep sea,
the base frame supporting it is not installed on the sea
bottom, but in a fixed depth under the surface of the sea,
and in such a state, it is possible to maintain stably at all
times the location of instailation and thereby to provide
advantages that the maintenance and repair as well as
the work of installation are easy.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims in the invention may
be practices otherwise than as specifically described.

What is claimed is:

1. A device for generating electric power from waves
on a surface of a body of water, comprising:

a lattice-shaped frame;

a rotary column mounted on said frame;

a floatation bladder floating up-and-down on the
water surface in response to rise and fall motion of
the waves;

means for transmitting the up-and-down motion of
the floatation bladder to a transducer, including a
chain coupled to said floatation bladder and a plu-
rality of sprockets being coupled to said rotary
column and rotating in gear with the chain; and

means for maintaining said frame at a predetermined
depth under mean water level.

2. A device as in claim 1, wherein said rotary column
is installed rotatably in the advancing direction of the
waves, wherein the rotary column and the floatation
bladder are connected to each other through a rope so
as to maintain the floatation bladder at a distance mea-
sured perpendicular to the advancing direction of
waves.

3. A device as in claim 1, wherein said means for
maintaining said frame at a predetermined depth com-
prises a plurality of air pockets for providing a buoyant
force of substantially 1.2 times the total underwater

weight of said device.
* . = * *
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WAVE-POWER UNIT AND PLANT FOR THE
PRODUCTION OF ELECTRIC POWER AND A
METHOD OF GENERATING ELECTRIC POWER

TECHNICAL FIELD

[0001] A first aspect of the present invention relates to a
wave-power unit for the production of electric power, com-
prising a floating body and a rotating electric generator
connected to the floating body.

[0002] A second aspect of the invention relates to a
wave-power plant comprising a plurality of wave-power
units in accordance with the invention.

[0003] A third aspect of the invention relates to the use of
the claimed wave-power unit for producing electric current.

[0004] A fourth aspect of the invention, finally relates to a
method of generating electric power by mechanically con-
necting a floating body to an electric generator.

[0005] The wave-power unit in accordance with the inven-
tion is primarily intended for, but not limited to, applications
up to 500 kW.

BACKGROUND ART

[0006] Wave movement in the sea and in large inland lakes
constitutes a potential source of energy that has scarcely
been exploited so far. The available wave energy is depen-
dent on the height of the waves, and naturally differs in
different locations. The average wave energy during a year
is dependent on the various wind conditions, which are
greatly influenced by the distance of the location from the
nearest coast. Measurements have been carried out in the
North Sea, for instance. At one measuring point approxi-
mately 100 km west of the coast of Jylland, Denmark, where
the depth was about 50 m, wave heights were measured over
a long period of time and the available energy was calcu-
lated. The following table was obtained:

Wave period Output
Height of wave m sec. kW/m Hours/Year
<0.5 — — 966
1 4 2 4103
2 5 12 1982
3 6 32 944
4 7 66 45
5 8 115 211
>5.5 >145 119

[0007] Thus, during slightly less than half the time the
height of the waves is about 1 m, producing an output of 2
kW/m. However, the most energy is available from wave
heights in the region of 2-5 meter, taking into consideration
that the output increases greatly with increased wave height.

[0008] Various types of wave-power units have been pro-
posed to utilize the energy available from the wave move-
ment in the ocean for generating electric power. However,
these have been unsuccessful in competing with conven-
tional production of electric power. Wave-power plants
realized so far have been primarily experimental plants or
have been used to supply power locally for navigation
buoys. If commercial production of electricity is to be
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possible, thus providing access to the vast reserve of energy
in the movement of ocean waves, is it not only necessary to
place the units in suitable spots, it is also necessary for the
unit to be reliable in operation, highly efficient and low in
manufacturing and running costs.

[0009] Many of the known devices for generating electric
power from wave energy are based on principles according
to which water is pumped or air compressed in order to drive
a generator turbine. Several links are thus involved in the
energy conversion process, which affects the total efficiency
negatively. Such units are also complicated, and thus expen-
sive.

[0010] Tt is also already known to use an electric linear
generator which is directly connected to a floating body.
This avoids many of the drawbacks mentioned above.

[0011] From certain aspects, however, a rotating generator
offers advantages over a linear generator.

[0012] Besides the above-mentioned types of units with
generators driven by turbines it is also already known to
directly transmit the wave movements to a rotating electric
generator. However, this is only for supplying energy locally
and the output is relatively little. Thus, a light buoy is known
through U.S. Pat. No. 5,176,552 that is supplied with energy
from the movement of the buoy in the waves. A rotating
electric generator is thus arranged inside the light buoy. The
rotor of the generator is connected by a cable with a
substantially stationary plate located deep down in the water.
When the buoy is moved up and down by the waves, the
cable causes the rotor to rotate. For several reasons this
device is not very suitable for producing electric power to
supply an electric supply network of a financially interesting
size.

[0013] The object of the present invention is, in the light
of the above, to produce a wave-power unit of the relevant
type which fulfils the demands for high efficiency, reliable
operation and cost effectiveness, and enables the generation
of electric power for supply to an electric supply network.

DESCRIPTION OF THE INVENTION

[0014] The objective set has been achieved in accordance
with the first aspect of the invention in that the wave-power
unit described in the preamble to claim 1 comprises the
special feature that a mechanical movement transmitting
means is arranged to transmit vertical movements of the
floating body to rotary movements of the rotor.

[0015] Thanks to the movement transmitting means a
rotary movement is obtained which enables the use of a
rotating electric generator. The rotary movement is normally
oscillating since the linear movement is to and fro.

[0016] The unit in accordance with the invention thus
enables the advantages of a rotating electric generator to be
exploited without the intermediate energy conversion steps
required by known applications, and this in such a manner
that generation of electric power on a larger scale is finan-
cially practicable.

[0017] In accordance with a preferred embodiment of the
claimed wave-power unit at least the stator of the generator
is enclosed in a housing anchored in the sea/lake bed.

[0018] Enclosing the generator or only its stator in a
watertight housing means that it is protected from attack by
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the surrounding salt water or the influence of living organ-
isms in the water such as acorn barnacles. It also enables the
use of a relatively simple generator of standard type.
Anchoring the generator in the sea bed via the housing fixes
the position of the generator in relation to the floating body
and enables optimal utilization of the vertical movements of
the floating body.

[0019] In accordance with another preferred embodiment
the rotor is also enclosed in the housing.

[0020] The whole generator is thus protected from corro-
sion and the advantages of the enclosure are thus exploited
to a greater extent.

[0021] In accordance with yet another preferred embodi-
ment the rotor is situated on the outside of the stator.

[0022] Although a conventional placing with the rotor
inside the stator is in most cases preferable, in certain cases
the embodiment with the stator outside enables simpler
transmission of the linear movement of the floating body to
rotary movement of the rotor.

[0023] In accordance with another preferred embodiment
the rotor is connected to a turning body, which turning body
is connected to the movement transmitting means.

[0024] The turning body enables efficient conversion of
the linear movement to rotary movement to be achieved in
a very simple way and allows considerable freedom of
design to achieve this. It also creates excellent opportunity
for achieving an optimal movement pattern of the rotor.

[0025] In accordance with yet another preferred embodi-
ment the turning body is arranged outside the housing.

[0026] The lead-in through the housing for transmitting
the movement will therefore be advantageous from the
sealing point of view since in this embodiment it can be
designed as a lead-in for a rotating, but otherwise stationary,
shaft. This entails least sealing problems.

[0027] In accordance with still another preferred embodi-
ment the unit comprises a first gear mechanism effecting a
gear change between the movements of the turning body and
the rotor.

[0028] Thanks to the gear mechanism the peripheral speed
of the rotor can be increased so that the frequency of the
induced voltage is increased. This is advantageous since the
speed of the linear movement is relatively slight.

[0029] In accordance with a further embodiment of the
claimed wave-power unit the movement transmitting means
is secured by its upper end to the floating body and by its
lower end to the turning body so that at least the lower part
of the movement transmitting means consists of a compo-
nent that can be rolled up, e.g. a cable.

[0030] In such an embodiment the conversion from linear
movement in the floating body to rotary movement in the
turning body takes place in a structurally simple manner and
with slight losses. At the same time such a design permits the
conversion to take place directly in both directions, i..
up/down-clockwise/counter-clockwise. This is because the
cable is wound onto or off the turning body. It will be
understood that the windable component may naturally be of
some other type such as a wire, chain, tape or the line.
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[0031] In accordance with a further embodiment the turn-
ing body and the rotor are arranged on a common, substan-
tially horizontal shaft.

[0032] Since these two components are arranged on a
common shaft the rotary movement is transmitted substan-
tially without losses and the horizontal orientation of the
shaft enables easy conversion of the vertical movement of
the floating body to the rotary movement of the turning
body.

[0033] In accordance with yet another preferred embodi-
ment the turning body has circular cross section and the
diameter of the rotor is larger than that of the turning body.
It is particularly advantageous for the diameter of the rotor
to be several times greater than that of the turning body.

[0034] Thanks to the rotor having a larger diameter than
that of the turning body, the peripheral speed is increased
without the need for any special extra gear mechanism since
the difference in diameter per se constitutes the gear mecha-
nism. Since the linear movement of the floating body takes
place at moderate speed, in the order of 0.5-0.8 m/s, an
increase is desirable in order to increase the frequency of the
induced voltage.

[0035] In accordance with another preferred embodiment
the movement transmitting means is secured by its upper
end to the floating body and by its lower end to the rotor, at
least the lower part of the movement transmitting means
consisting of a component that can be rolled up, such as a
cable or the like.

[0036] The movement transmilting means can thus be
attached directly to the rotor, which may be a practical
solution if the rotor is arranged outside the stator. The
construction will thus be very simple and have a minimum
number of movable parts.

[0037] In accordance with yet another preferred embodi-
ment spring means is arranged to exert a torsional force on
the rotor.

[0038] Applying such a spring means allows the move-
ment transmitting means to be of simple design since it is
sufficient for it to be unidirectional and is only active during
upward movement of the floating body. During this move-
ment the spring is stretched and its stored energy is used to
rotary the rotor during the downward movement of the
floating body.

[0039] In accordance with a further preferred embodiment
the spring rate of the spring means is adjustable.

[0040] The spring can thus be adjusted to suit the wave
conditions as regards wave height and velocity so that
resonance is achieved between the movement of the floating
body and the spring. This minimizes disturbances in the
movement and enables current to be induced in a uniform
and harmonious manner.

[0041] 1In accordance with another preferred embodiment
the housing is secured to a base plate arranged to rest on the
bed of the sea/lake.

[0042] Since the housing is applied on the sea bed the
generator will be stable and substantially unaffected by
underwater currents. The base plate may have relatively
large mass, which also increases stability.
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[0043] In accordance with yet another preferred embodi-
ment the length of the movement transmitting means is
adjustable.

[0044] This allows, for instance, for adjustment to differ-
ent levels of the surface of the sea/lake as in the case of tidal
waters.

[0045] In accordance with yet another preferred embodi-
ment the housing is filled with a liquid.

[0046] This embodiment is particularly significant if the
generator is placed in relatively deep water since the pres-
sure difference would otherwise make it complicated to
efficiently seal the housing. If the housing is filled with a
liquid of a type less aggressive than salt water, the risk is
substantially eliminated of it later penetrating, even with
comparatively simple bushings on the housing. The genera-
tor is also cooled by the liquid. The liquid should suitably
have the same pressure as the surroundings.

[0047] In accordance with yet another preferred embodi-
ment the housing is primarily made of concrete.

[0048] Concrete is the cheapest possible material that
could be used in this context. Furthermore, in many cases it
is important for the unit to have a high ballast weight and the
material costs are then of considerable significance.

[0049] In accordance with yet another preferred embodi-
ment the floating body is connected via the movement
transmitting means to a plurality of generators.

[0050] Such duplication or multiplication on the generator
side may in certain cases lead to a totally more economic
unit since each generator can be an entirely standard unit
and, depending on the locality, a suitable number can be
connected to one and the same floating body.

[0051] In accordance with yet another preferred embodi-
ment the stator windings are connected to a rectifier. This
rectifier is suitably arranged close to the linear generator
below the surface of the water.

[0052] In accordance with yet another preferred embodi-
ment the generator is arranged to produce a voltage of
varying frequency. This is because, after being rectified, the
output signal is a bipolar DC voltage.

[0053] The generator is thus suited to the movement
pattern created in the rotor by the wave movements, the
speed varying depending on where in a wave cycle the
floating body is and on superimposed variations in the
movement of the wave surface.

[0054] In accordance with yet another preferred embodi-
ment the movement transmitting means comprises a second
gear mechanism to effect a gear change of the vertical
movement of the floating body.

[0055] This offers a supplementary or alternative method
of increasing the frequency of the induced voltage.

[0056] In accordance with yet another preferred embodi-
ment the unit comprises a free wheel arranged to convert
oscillating rotary movement to unidirectional rotary move-
ment.

[0057] Admittedly this embodiment introduces yet
another component in the unit. However, it instead offers the
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advantage of simpler stator winding design and results in a
cleaner profile of the induced voltage.

[0058] In accordance with yet another preferred embodi-
ment the stator winding consists of a cable comprising a
current conductor, a first semi-conducting layer surrounding
the conductor, an insulating layer of solid insulation sur-
rounding the first semi-conducting layer, and a second
semi-conducting layer surrounding the insulating layer.

[0059] A winding of this type can endure current of
extremely high voltage being induced. The need of a trans-
former between the generator and the electric supply net-
work to which the power is being supplied can thus be
eliminated. This is particularly important in the environment
in which the invention is used.

[0060] The advantageous embodiments of the claimed
wave-power unit described above are defined in the claims
subordinate to claim 1.

[0061] The claimed wave-power unit is well suited for
combination with several similar units to form a wave-
power plant. The second aspect of the invention thus relates
to such a power plant wherein the stator winding of each
wave-power unit is connected via a rectifier to an inverter
which is common to a plurality of wave-power units, which
inverter is arranged to supply energy to an electric supply
network.

[0062] The claimed wave-power plant provides a practi-
cally realizable solution for a system to produce electric
current on a larger scale using units of the type claimed,
thereby exploiting their advantages, and in which the con-
version to DC and then AC creates favourable transmission
conditions.

[0063] In accordance with a preferred embodiment of the
claimed wave-power plant at least one electric switchgear
station is connected to the wave-power unit, which switch-
gear station comprises a watertight container enclosing
switchgear components, which container is anchored in the
sea bed.

[0064] In order to obtain economic energy production
from generator units at sea that utilize wave movement, it is
important to effect technical optimization not only of the
generator unit but also of the complete system required to
transmit the energy from each energy source to an electric
network for transmission and distribution. An important
aspect here is that the wave-power plant is located some
distance off shore, which distance is sometimes consider-
able.

[0065] Thanks to its connection to a switchgear station so
designed, it can be placed close to the generator unit. This
minimizes losses and enables the energy from a plurality of
wave-power units to be transferred via a simple common
cable connected to the electric supply network on land. This
offers a comprehensive solution where both the wave-power
unit and the switchgear station can be constructed as stan-
dard modules using standard components. Besides being
economic in both construction and operation, a power plant
in accordance with the invention also offers advantages from
the environmental aspect since no switchgear buildings need
be built in environmentally sensitive coastal areas.

[0066] In accordance with another preferred embodiment
the system comprises a plurality of switchgear stations
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wherein each is connected to a number of wave-power units.
Such an embodiment may sometimes be advantageous if the
number of units is large.

[0067] In accordance with yet another preferred embodi-
ment each switchgear station is connected to a receiving
station arranged on land.

[0068] In accordance with yet another preferred embodi-
ment at least one of the switchgear stations, normally all of
them, comprises a step-up transformer. Alternatively, or as
well, a step-up transformer is arranged in the intermediate
station. Transmitting the energy at an increased voltage level
achieves more favourable transmission both from the tech-
nical and the financial aspect.

[0069] In accordance with yet another preferred embodi-
ment the switchgear stations and/or the intermediate station
comprise(s) a converter. The voltage can thus be favourably
transmitted as AC.

[0070] In accordance with yet another preferred embodi-
ment the switchgear stations and/or the intermediate station
comprise(s) means for storing energy. The system can then
easily adjust the power supplied depending on fluctuations
in available power and power required.

[0071] In accordance with yet another preferred embodi-
ment the switchgear stations and/or the intermediate station
comprise(s) filtering means for filtering outgoing and/or
incoming current and voltage. The voltage supplied by
generator units of the type in question may in many cases be
unstable and may vary as to frequency and amplitude, as
well as containing heterodyne frequencies. The arrangement
of filtering means eliminates these defects or at least reduces
them so that a clean voltage, free from disturbance, is
transmitted to the network.

[0072] In accordance with yet another preferred embodi-
ment the switchgear stations and/or the intermediate station
is/are filled with a non-corrosive, buffered liquid. This
prevents aggressive salt water from penetrating, and the
components in the switchgear and intermediate stations are
protected.

[0073] In accordance with yet another preferred embodi-
ment a filter and/or a transformer is/are arranged after the
inverter. This ensures that a clean, ideal voltage can be
supplied and that it can be conveyed further to a transmis-
sion or distribution network with suitably stepped-up volt-
age.

[0074] In accordance with yet another preferred embodi-
ment the filter and/or transformer is/are arranged on land.

[0075] This offers a more suitable solution from the plant
and operating aspects than if these components were to be
situated at sea.

[0076] In accordance with yet another preferred embodi-
ment each wave-power unit is connected to the inverter via
a cable arranged on or close to the sea or lake bed.

[0077] Since the cable is arranged close to the sea bed
there is less risk than otherwise of it causing any disruption
to the surroundings or being tampered with.

[0078] The advantageous embodiments of the claimed
wave-power plant described above are defined in the sub-
ordinate claims to claim 24.

Jun. 9, 2005

[0079] In a third aspect of the invention the objective set
is achieved by the use of the claimed wave-power unit or the
wave-power plant for generating electric power, thereby
gaining advantages of the type indicated above.

[0080] The objective set is achieved in a fourth aspect of
the invention in that a method of the kind described in the
preamble to claim 37 comprises the special measures of
enclosing at least the stator of the generator in a watertight
housing, anchoring the housing in the sea/lake bed, and
arranging mechanical movement transmitting means to
transmit vertical movements of the floating body to rotary
movements of the generator rotor.

[0081] In accordance with a preferred embodiment the
claimed method is utilized while making use of the wave-
power unit and the preferred embodiments thereof.

[0082] Advantages are thus gained equivalent to those
described above for the wave-power unit and its preferred
embodiments.

[0083] In accordance with another preferred embodiment
of the claimed method the spring rate is adjusted so that
resonance is obtained with the movement of the floating
body that is estimated to occur for most of the time.

[0084] In accordance with yet another preferred embodi-
ment the energy generated is conducted to a switchgear
station, the components of which are arranged in a water-
tight container, which container is anchored in the sea bed.

[0085] The preferred embodiments of the claimed method
described above are defined in the subordinate claims to
claim 37.

[0086] The invention is described in more detail in the
following detailed description of advantageous examples
thereof, with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0087] FIG. 1 is a schematic view from the side of a
wave-power unit in accordance with the invention.

[0088] FIG. 2 illustrates the turning body and rotor of a
unit in accordance with the invention.

[0089] FIGS. 3 and 4 show alternative embodiments of
the turning body.

[0090] FIG. 5 is a circuit diagram illustrating how a
plurality of units are combined to form a wave-power plant.

[0091]

[0092] FIG. 6 is a cross section through a cable in the
stator winding in accordance with one embodiment of the
invention.

[0093] FIG. 7 is a schematic view from the side of a
generator in accordance with an alternative embodiment of
the invention.

[0094] FIG. 8 shows a view from the side of a component
in a unit in accordance with one embodiment of the inven-
tion.

FIG. 5a shows an alternative rectifying example.

[0095] FIG. 9 is a side view of another alternative
embodiment of the unit in accordance with the invention.
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[0096] FIG. 10 is a diagram illustrating another compo-
nent of a unit in accordance with an embodiment of the
invention.

[0097]

nent.

[0098] FIG. 12 illustrates how the wave-power unit forms
a wave-power plant and how it is connected to an electric
supply network.

[0099] FIG. 13 illustrates a side view of the wave-power
unit connected to a switchgear station.

[0100] FIG. 14 illustrates an alternative method of con-
necting the wave-power unit to a supply network.

[0101] FIGS. 15-18 are charts illustrating various
examples of converting the voltage in a power plant in
accordance with the invention.

FIG. 11 is a diagram illustrating another compo-

[0102] FIG. 19 illustrates an alternative rectifying
example.

[0103] FIG. 1 shows a side view of a wave-power unit in
accordance with the invention. A floating body 3 is arranged
to float on the surface 2 of the ocean. An electric synchro-
nous generator § with permanent magnet rotor is anchored
via a base plate 8 secured in the sea bed. The generator 5 is
arranged 1n a liquid-tight housing for by the base plate 8 and
a cover 6. The housing is proof against salt water and
watertight. It may possibly be filled with a gas or a liquid.
The rotor shaft 9 of the generator 5 extends out through a
sealed lead-in in one wall of the housing. A turning body 10
is fixed to the protruding part of the rotor shaft 9. The turning
body 10 is in the form of a circular cylinder with concave
envelope surface. The shaft is rotatably supported by a first
bearing 11 arranged at the side of the turning body 10 facing
away from the housing, and a second bearing 12 and third
bearing 13 arranged at each side of the housing.

[0104] Acable 4 is secured by one end to the floating body
3 and by its other end to the turning body 10. The cable 4 is
secured to the turning body 10 in such a way that it can be
wound onto the body. A cable guide 14 is attached to the
housing, through which the cable 4 runs. A spring 15 is
arranged to exert a torsional force on the rotor shaft 9 in a
first direction of rotation. The spring may be a cylindrical
helical spring of the watch spring type. A spring may also be
arranged at the other side of the generator. The spring rate
can be controlled by a control device 19. The control device
is suitably radio-controlled.

[0105] Wave movements at the surface 2 of the ocean
impart a to-and-fro vertical movement to the floating body
3. When the floating body 3 is in a wave trough, part of the
cable will be wound around the turning body 10. When the
floating body is lifted from this position by wave movement
the cable runs off the turning body 10 so that this is caused
to rotate in a direction opposite to that of the spring 185, the
latter therefore being tightened. This continues until the
floating body 3 has reached the crest of a wave. During the
following downward movement of the floating body 3 the
spring 15 placed under tension by the upward movement
will turn the turning body in the opposite direction so that
the cable is wound onto the turning body. A resonance
working point can be obtained by adjusting the spring. The
movements of the floating body 3 are thus converted to an
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oscillating rotary movement of the turning body 10, and thus
also of the rotor of the generator S.

[0106] A cable 16 is connected to the stator winding of the
generator and, via a cable lead-in, carries the current outside
the housing. Inside the housing the cable is provided with a
circuit breaker or contactor 21 and a diode 22 for rectifica-
tion. The diode may be controlled by a thyristor, IGBT or
GTO, for instance, or it may be uncontrolled.

[0107] Components for monitoring and control may also
be arranged in the housing.

[0108] As shown in FIG. 2, the turning body 10 has a
diameter considerably less than that of the rotor 17. FIGS.
3 and 4 illustrates a couple of alternative embodiments of
the turning body. In FIG. 3 the turning body 10 is provided
with end flanges 18 to ensure that the cable does not slip off.
In the example shown in FIG. 4 this is achieved by the
turning body 10 being concave as seen in a longitudinal
section.

[0109] A gear exchange is thus obtained that gives the
rotor a peripheral speed which is correspondingly greater
than the peripheral speed of the turning body. Mechanism
for additional step-up may naturally be arranged.

[0110] A wave-power plant in accordance with the inven-
tion consists of two or more units of the type described
above. FIG. 5 illustrates how these are connected together
to supply energy to an electric supply network. In the
example shown the power plant consists of three units,
symbolically designated 20a2-20c. Each unit is connected via
a breaker or contactor 21 and a rectifier 22 to an inverter 23
in a bipolar connection according to the figure. The circuit
diagram is only drawn in for the unit 20g. It will be
understood that the other units 20b, 20c¢ are connected in
corresponding manner. The inverter 23 supplies three-phase
current to the electric supply network 25, possibly via a
transformer 24 and/or a filter.

[0111] The rectifiers may be diodes, which may be con-
trolled and of type IGBT, GTO or thyristors, comprise
controlled bipolar components or they may not be con-
trolled. The voltages on the DC side may be connected in
parallel or in series, or a combination of both.

[0112] Alternatively a full-wave rectifier of the type illus-
trated in FIG. Sa may be used.

[0113] FIG. 6 shows a cross section through a high-
voltage cable that may be advantageous to use for the stator
winding in certain applications of the invention. The cable
consists of a core with one or more strand parts 31 of copper.
The core is surrounded by an inner semiconducting layer 32.
Outside this is a layer of solid insulation 33, e.g. PEX
insulation. Around the insulation is an outer semiconducting
layer 34. Each of the semiconducting layers forms an
equipotential surface.

[0114] FIG. 7 illustrates schematically, seen from the side,
an alternative embodiment of the generator in a wave-power
unit in accordance with the invention. In this example only
the stator is enclosed in the housing 6 which may be of
concrete. The rotor 17 is thus not enclosed. It is located
outside the stator. Vertical movements of the floating body
are here transmitted directly to the rotor 17 since the cable
4 is attached to the outside of the rotor. When the floating
body (not shown in this figure) moves up and down, the
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cable is wound off and on to the rotor 17 so that this
performs an oscillating rotary movement. The rotor is jour-
nalled directly on the outside of the housing 6.

[0115] FIG. 8 illustrates how the cable 4 is provided with
a control device controlling its active length, i.c. the distance
between the floating body 3 and the generator 6. In this case
the control device consists of a roll 29 secured to the floating
body, onto which roll a part of the cable can be wound. The
control device may also be designed in some other way or
may alternatively be arranged at the connection point of the
cable to the rotor, or somewhere else along the cable. The
control device allows the length of the cable to be adjusted
to varying tidal water conditions. It can also be used to
position the floating body immediately below the surface of
the water. When the connecting means is of some other type
than a cable, wire, chain or jointed rods, a control device
suitable for the particular type shall be used.

[0116] FIG. 9 shows an example in which a floating body
3 is common to two separate generators 6a, 6b. The cable 4
Is connected to a horizontal rod 38 which, via cables 4a, 4b,
is connected to respective generators 4a, 4b.

[0117] FIG. 10 illustrates an embodiment in which the
cable is provided with a gear mechanism. In the embodiment
shown the gear mechanism consists of a piston 30 secured
to the upper part 4d of the cable and arranged to sealingly
move up and down in a container 32 filled with liquid, and
of a piston 31 connected to the lower part 4¢ of the cable and
similarly arranged to move up and down in the container 32.
The piston 30 connected to the cable 4d and the part of the
container 32 cooperating therewith have larger diameter
than the piston 31 connected to the cable 4¢ and the part of
the container 32 cooperating with this piston. The position of
the container is suitably fixed. With this arrangement a ratio
is obtained between the vertical movement of the upper
cable 44 and the vertical movement of the lower cable 4¢
that corresponds to the area ratio between the pistons. The
gear mechanism may alternatively be designed as a link
system, toothed wheel or using screws of different pitch. The
gear mechanism may also be designed so that adjustment of
the gear ratio is possible.

[0118] FIG. 11 illustrates how the turning body 10 is
connected to the rotor 17 via a free wheel 28. The free wheel
28 is arranged to convert the oscillating rotary movement of
the turning body 10 to unidirectional rotary movement of the
rotor 17.

[0119] FIG. 12 illustrates a wave-power plant with a
plurality of generators 20a, 205, 20c¢ interconnected. A
rectifier is arranged at each generator and, via cables 39
arranged on the sea bed, the DC current is conducted to a
station on land with an inverter 23, a transformer 24 and a
filter 41 from whence the electric power is supplied to a
distribution or transmission network. The transformer may
be omitted if a winding of the type shown in FIG. 6 is used.

[0120] FIG. 13 is a basic layout sketch illustrating another
advantageous embodiment of the invention. A switchgear
station 101 is arranged resting on the sea bed B. The
switchgear station 101 consists of a watertight container
formed by a housing 102 and a bottom plate 103 which may
be of concrete, for instance. The switchgear station 101 is
anchored in the sea bed B. The generators 104-109 of a
number of wave-power units are connected to the switchgear
station.
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[0121] Each generator unit 104-109 is electrically con-
nected with the switchgear station 101 by cables 110-115
which, via lead-ins through the housing 102, are connected
to the components inside the switchgear station. The voltage
is supplied from each unit as low-voltage direct or alternat-
ing voltage.

[0122] The components in the switchgear station 101 are
of conventional type and are not shown in the figures. These
components may include semiconductors, converters, break-
ers, measuring devices, relay protection, surge diverters and
other over-voltage protection devices, earthing means, load
couplers or disconnectors, as well as transformers.

[0123] The switchgear station supplies an outgoing direct
or alternating voltage, preferably high voltage, through
outgoing cables 116. The alternating voltage has low fre-
quency and may be three phase or multiphase. Standard
frequencies such as 50 or 60 Hz may also be used.

[0124] The incoming low voltage is converted to outgoing
high voltage by the transformer in the switchgear station.
The converter or inverter in the switchgear station is used
when necessary to converter DC-AC or vice versa.

[0125] The voltage is supplied to a receiving station
located on land, possibly via an intermediate station, to be
fed out on an electric supply network.

[0126] FIG. 14 illustrates an example of a system in
accordance with the invention that may be expedient when
a large number of generator units is included in the system.
The figure is a symbolic representation of the system seen in
bird’s eye perspective and shows a sea area H on the left of
the figure and a land area L on the right. The components on
the left of the figure are located partly under and partly
above the surface of the water.

[0127] The system comprises a first group of generator
units 104a-106a, a second group of generator units 104b-
1065 and a third group of generator units 104¢-106¢. The
generator units 104a-106a in the first group are connected
via under-water cables to a first switchgear station 101a
located below the surface of the water. Similarly, the two
other groups of generators 104b-106b and 104c-106¢ are
connected to a second switchgear station 101b and a third
switchgear station 101c, respectively. Each of the switchgear
stations 101a-101c¢ is connected via under-water cables
1164-116¢ to an intermediate station 117, also located below
the surface of the water. The voltage is conducted from the
intermediate station 117 as low-frequency three-phase alter-
nating voltage via under-water cables 118 to a receiving
station 119 located on land. The voltage is converted in the
receiving station to a standard frequency such as 50 or 60
Hz.

[0128] The distance between the generator units and the
receiving station may be from a kilometre or so up to many
tens of kilometres. When the system is constructed as shown
in FIG. 14 the distance between on the one hand switchgear
station and intermediate station and on the other hand
intermediate station and receiving station, can be optimized.

[0129] Transmission from the generator units to a receiv-
ing station on land may take place in various ways with
various voltage conversions. FIGS. 15 to 18 illustrate sche-
matically some examples of this. In each example the
generator units are arranged to the left and the receiving
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station on land L to the right in the figures. 121 denotes a
converter/inverter and 122 a step-up transformer. In FIGS.
15 and 16 the generator units supply direct voltage which in
FIG. 15 is transmitted to land as alternating voltage and in
FIG. 16 as direct voltage.

[0130] In FIGS. 17 and 18 the generator units supply
alternating voltage which is converted to direct voltage. In
FIG. 17 this is transmitted to land as alternating voltage and
in FIG. 18 as direct voltage.

[0131] Many other alternatives are shown within the scope
of the invention, such as a whole-wave rectifier of the type
illustrated in FIG. 19.

[0132] Energy stores and filters may also be housed in
each switchgear station 111 and/or in the intermediate sta-
tion 117. The energy stores may consist of batteries, capaci-
tors, SMES types, flywheels or combinations thereof, for
instance. The filters may comprise active components in
similar manner to the converters. Passive LC filters and
electromechanical components such as flywheel converters
or synchronous condensers are also possible.

1. A wave-power unit for the production of electric power
comprising a floating body and rotating electric generator
mechanically connected to the floating body, wherein a
mechanical movement transmitting means is arranged for
transmission of vertical movements of the floating body to
rotary movements of the generator rotor, the rotor being
connected to a turning body, which turning body is con-
nected to the movement transmitting means, and the move-
ment transmitting means is secured by its upper end to the
floating body and by its lower end to the turning body and
at least the lower part of the movement transmitting means
includes a component that can be rolled up.

2. A wave-power unit as claimed in claim 1 wherein at
least the stator of the generator is enclosed in a housing
anchored in the sea/lake bed.

3. A wave-power unit as claimed in claim 2, wherein the
rotor is also enclosed in the housing.

4. A wave-power unit as claimed in claim 1, wherein the
rotor is situated on the outside of the stator.

5. A wave-power unit as claimed in claim 1, wherein the
turning body is arranged outside the housing.

6. A wave-power unit as claimed in claim 1, comprising
a first gear mechanism effecting a gear change between the
movements of the turning body and the rotor.

7. A wave-power unit as claimed in claim 1, wherein the
turning body and the rotor are arranged on a common,
substantially horizontal shaft.

8. A wave-power unit as claimed in claim 1, wherein the
turning body has circular cross section and in that the
diameter of the rotor is larger than the turning body.

9. A wave-power unit as claimed in claim 4, wherein the
movement transmitting means is secured by its upper end to
the floating body and by its lower end to the rotor and in that
at least the lower part of the movement transmitting means
consists of a component that can be rolled up.

10. A wave-power unit as claimed in claim 1, wherein it
is provided with spring means arranged to exert a torsional
force on the rotor.

11. Awave-power unit as claimed in claim 10, wherein the
spring rate of the spring means is adjustable.
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12. A wave-power unit as claimed in claim 1, wherein the
housing comprises a base plate, which base plate is arranged
to rest on the bed of the sea/lake.

13. A wave-power unit as claimed in claim 1, wherein the
length of the movement transmitting means is adjustable.

14. A wave-power unit as claimed in claim 1, wherein the
housing is filled with a liquid.

15. A wave-power unit as claimed in claim 1, wherein the
housing is primarily made of concrete.

16. A wave-power unit as claimed in claim 1, wherein the
floating body is connected to a plurality of generators.

17. A wave-power unit as claimed in claim 1, wherein the
stator winding is connected to a rectifier, which rectifier is
preferably arranged close to the generator below the surface
of the water, preferably inside the housing.

18. A wave-power unit as claimed in claim 1, wherein the
generator is arranged to produce a voltage of varying
frequency.

19. A wave-power unit as claimed in claim 1, wherein the
movement transmitting means comprises a second gear
mechanism to effect a gear ratio of the vertical movement of
the floating body.

20. A wave-power unit as claimed in claim 1, wherein it
comprises a free wheel arranged to convert oscillating rotary
movement to unidirectional rotary movement.

21. A wave-power unit as claimed in claim 1, wherein the
stator winding consists of a cable comprising a current
conductor, a first semi-conducting layer surrounding the
conductor, an insulating layer of solid insulation surround-
ing the first semi-conducting layer, and a second semi-
conducting layer surrounding the insulating layer.

22. A wave-power plant comprising a plurality of wave-
power units as claimed in claim 1, wherein the stator
winding of each wave-power unit is connected via a rectifier
to an inverter which is common to a plurality of wave-power
units, which inverter is arranged to supply energy to an
electric supply network.

23. A wave-power plant as claimed in claim 22, wherein
at least one electric switchgear station is connected to the
wave-power unit, which switchgear station comprises a
watertight container housing switchgear components, which
container is anchored in the sea bed.

24. A wave-power plant as claimed in claim 23, wherein
a plurality of switchgear stations are connected to the
wave-power unit, each switchgear station being connected
to a number of wave-power units.

25. A wave-power plant as claimed in claim 23, wherein
each switchgear station is connected to a receiving station
arranged on land.

26. A wave-power plant as claimed in claim 23, wherein
at least one of the switchgear stations comprises a step-up
transformer and/or an intermediate station comprising a
step-up transformer.

27. A wave-power plant as claimed in claim 23, wherein
at least one of the switchgear stations and/or the intermedi-
ate station comprises a converter.

28. A wave-power plant as claimed in claim 23, wherein
at least one of the switchgear stations and/or the intermedi-
ate station comprises means for storing energy.

29. A wave-power plant as claimed in claim 27, wherein
at least one of the switchgear stations and/or the intermedi-
ate station comprises filtering means for filtering outgoing
and/or incoming current and voltage.
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30. A wave-power plant as claimed claim 23, wherein at
least one of the switchgear stations and/or the intermediate
station is filled with non-corrosive, buffered liquid.

31. A wave-power plant as claimed in any one of claims
claim 22, wherein a filter and/or a transformer is/are
arranged after the inverter.

32. A wave-power plant as claimed in claim 22, wherein
the inverter, filter and/or transformer is/are arranged on land.

33. A wave-power plant as claimed in claim 22, wherein
each wave-power unit is connected to the inverter via a cable
arranged on or close to the sea or lake bed.

34. (canceled)

35. A method of generating electric power by mechani-
cally connecting a floating body to a rotating electric gen-
erator, wherein the mechanical movement transmitting
means is arranged to transmit vertical movements of the
floating body to rotary movements of the generator rotor, the
rotor is connected to a turning body, connected to the
movement transmitting means, said movement transmitting
means being secured by its upper end to the floating body
and by its lower end to the turning body, and at least the
lower part of the movement transmitting means consist of a
component that can be rolled up.

36. A method as claimed in claim 35, wherein the method
is utilized while making use of a wave-power unit.

37. A method as claimed in claim 36, wherein the spring
means with adjustable spring rate is applied to exert a
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torsional force on the rotor and in that the spring means is
adjusted so that resonance is obtained with the movement of
the floating body that is estimated to occur for most of the
time.

38. A method as claimed in claim 35, wherein the energy
generated is conducted to a switchgear station, the compo-
nents of which are arranged in a watertight container, which
container is anchored in the sea bed.

39. A method as claimed in claim 38, wherein the switch-
gear station is connected to a receiving station arranged on
land.

40. A method as claimed in claim 39, wherein a plurality
of switchgear stations are connected to a common interme-
diate station, which intermediate station is connected to the
receiving station.

41. A method as claimed in claim 38, wherein at least one
of the switchgear stations and/or the receiving station is/are
arranged below the surface of the water, preferably close to
the sea bed.

42. A method as claimed in claim 38, wherein voltage
generated is step-up transformed in at least one of the
switchgear stations and/or the intermediate station.

43. A method as claimed in claim 38, wherein the out-
going voltage from at least one of the switchgear stations
and/or from the intermediate station is alternating voltage.
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WAVE ENERGY RECOVERY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/602,145 to Greenspan et al. filed on
Nov. 20, 2006, and titled WAVE ENERGY RECOVERY
SYSTEM, which claims priority from U.S. Provisional
Patent Application No. 60/738,287 to Greenspan et al. filed
on Nov. 18, 2005, and titled WAVE ENERGY RECOVERY
SYSTEM, both of which are hereby incorporated in their
entirety by reference.

FIELD OF INVENTION

[0002] The present invention relates generally to systems
for recovering energy from waves and, more particularly, the
present invention relates to apparatus and methods for trans-
forming vertical displacement of buoys caused by waves into
rotational motion to drive the generation of electric power.

BACKGROUND

[0003] Currently, approximately 350 million megawatt-
hours of energy are consumed globally each day (which is
equivalent to the energy in approximately 205 million barrels
of oil). With continued industrial expansion and population
growth throughout the developed and developing world, glo-
bal consumption is expected to increase approximately sixty
percent over the next twenty-five years, pushing global
energy consumption to over 500 million megawatt-hours per
day. Approximately seventy-five percent of energy currently
consumed comes from non-renewable sources, such as oil,
coal, natural gas, and other such fossil fuels. The current level
of fossil fuel usage accounts for the release of approximately
six million tons of carbon dioxide into the atmosphere each
day. With a finite supply of fossil fuels available and growing
concerns over the impact of carbon dioxide, continued reli-
ance on fossil fuels as a primary source of energy is not
indefinitely sustainable.

[0004] One approach to sustaining the current global
energy consumption rate and accounting for future increases
in consumption is to research and develop novel and
improved methods for generating energy from renewable
sources. Sources of renewable energy include water-powered
energy, wind-powered energy. solar energy, and geothermal
energy. Of the current practical renewable energy sources,
water-powered energy, and specifically wave-powered
energy, may hold the most promise for developing a substan-
tial renewable energy source to meet growing global energy
needs.

[0005] It has been long understood that ocean waves con-
tain considerable amounts of energy. Given the high level of
energy concentration present in waves and the vast areas
available for harvesting such energy, wave-powered energy
technology represents a significant renewable energy source.
Numerous systems have been developed in an attempt to
efficiently capture the energy of waves; however, no prior
conceived systems or methods have achieved the efficiency or
cost-effectiveness required to make wave-powered energy a
viable alternative energy source.

[0006] Wave energy recovery systems must successfully
operate in very hostile marine or freshwater environments.
Such environments are prone to violent storms and the del-
eterious impact of salt water, plant life, and animal life. Fur-

Apr. 23, 2009

ther, due to the offshore location of such systems, a successful
system must include an efficient means for delivering the
energy output to shore. These and other technical challenges
have been addressed and overcome by this invention as herein
described.

SUMMARY OF INVENTION

[0007] The present invention includes novel apparatus and
methods for recovering energy from water waves. An
embodiment of the present invention includes a buoy, a shaft,
and an electric power generating device. The shaft is coupled
to the buoy such that when the buoy moves vertically in
response to a passing wave, the shaft rotates. The shaft is
coupled to the electric power generating device such that
when the shaft rotates, the electric power generating device
produces electric power. Once electric power is generated, it
is delivered to shore, where it is stored, used to power a
device, or delivered to a power distribution grid.

DESCRIPTION OF DRAWINGS

[0008] Objects and advantages together with the operation
of the invention may be better understood by reference to the
following detailed description taken in connection with the
following illustrations, wherein:

[0009] FIG. 1is a perspective view of an embodiment of a
wave energy recovery system in accordance with the present
invention,

[0010] FIG. 2 is a schematic illustration of the wave energy
recovery system of Figure [;

[0011] FIG. 3 is a schematic illustration of a motion trans-
lating assembly of the wave energy recovery system of FIG.
[0012] FIGS. 4A and 4B are cross-sectional views of a
pulley and ratchet mechanism of the wave energy recovery
system of FIG. 1;

[0013] FIGS. 5A and 5B are cross-sectional views of
another pulley and ratchet mechanism of the wave energy
recovery system of FIG. 1;

[0014] FIG. 6 is a schematic illustration of the wave energy
recovery system of FIG. 1;

[0015] FIGS.7A, 7B, and 7C are views of an embodiment
of a buoy in accordance with the present invention;

[0016] FIGS. 8A and 8B are views of a motion translating
assembly in accordance with the present invention;

[0017] FIG. 9 is view of a ratchet assembly in accordance
with the present invention;

[0018] FIG. 10 is a view of another wave energy recovery
system in accordance with the present invention;

[0019] FIGS. 11A and 11B are detailed views of the wave
energy recovery system of FIG. 10;

[0020] FIG. 12 is a schematic illustration of another
embodiment of a wave energy recovery system in accordance
with the present invention;

[0021] FIG. 13 is a schematic view of another wave energy
recovery system of the present invention;

[0022] FIG. 14 is a schematic illustration of another
embodiment of a wave energy recovery system in accordance
with the present invention; and
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[0023] FIGS. 15A and 15B are detailed views of the wave
energy recovery system of FIG. 14.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0024] While the present invention is disclosed with refer-
ence to the embodiments described herein, it should be clear
that the present invention should not be limited to such
embodiments. Therefore, the description of the embodiments
herein is only illustrative of the present invention and should
not limit the scope of the invention as claimed.

[0025] A wave energy recovery system, as described
herein, converts the energy of sea waves or other such water
waves into usable mechanical and electrical energy. Appara-
tus and methods may be arranged such that the vertical pulse
motion of waves of any magnitude and frequency may be
converted to other types of motion such as, for example,
rotating motion. The mechanical energy of this resulting
rotating motion may be arranged to drive gearboxes, motors,
pumps, generators, or the like to generate electricity.

[0026] Inanembodiment of the present invention, the ver-
tical pulse motion of a wave is translated to a buoy floating at
or near the surface of a body of waterto vertically displace the
buoy. The vertical displacement of the buoy is translated to
rotational motion, which is engaged to a pulley and ratchet
mechanism to drive an alternating current (AC) permanent
magnet generator, resulting in the generation of electric
power. A gearbox may be used to convert relatively low
revolutions per minute (RPMs) rotating speed into a rotating
speed desired to drive the generator. Preferably, a gearbox
utilizes a planetary gear set; however, other gear sets could be
utilized. The AC permanent magnet generator is coupled to a
rectifier to convert the alternating current (AC) produced by
the generator to a direct current (DC). The rectifier is coupled
to a voltage converter to generate a consistent DC current to
be used as a final source of electricity or to be converted back
to AC current and delivered to a power generation grid. As
used herein, the term “coupled” means directly or indirectly
connected in a mechanical, electrical, or other such manner.
[0027] An exemplary embodiment of the present invention
is illustrated in FIGS. 1 through 6. FIG. 1 illustrates a per-
spective view of a wave energy recovery system 10. The
system 10 comprises a motion translating assembly 12, a
generator 14, and a shaft 16. The system 10 is positioned on
a seabed relatively close to shore and arranged to generate
electric power, delivering that electric power to shore. As will
be further described above, the motion translating assembly
12 translates the vertical pulse motion of a wave to rotational
motion of the shaft 16, and such rotational motion of the shaft
16 drives the generator 14. The generator 14 is preferably an
AC permanent magnet generator. As shown in FIG. 2, a
plurality of motion translating assemblies 12 may be arranged
in series to assist in rotating the shaft 16 to drive the generator
14.

[0028] As best seen in FIG. 3, a motion translating assem-
bly 12 includes a main buoy or float 18, a retracting buoy or
float 20, an oscillating pulley 22, a main cable 24, and a
ratchet mechanism 26. The main cable 24 is coupled on one
end to the main buoy 18, coupled on the other end to the
retracting buoy 20, and wrapped around the pulley 22. The
buoys 18 and 20 are arranged such that, as a wave engages the
main buoy 18, the main buoy 18 is displaced vertically
upward (i.e., rises relative to the seabed) and the cable 24
rotates the pulley 22 in a clockwise rotation with respect to
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FIG. 3. As the wave passes the main buoy 18, the main buoy
18 is displaced vertically downward (i.e., falls relative to the
seabed), the retracting buoy 24 rises to remove any slack from
the cable 24, and the pulley 22 rotates counterclockwise with
respect to FIG. 3. Thus, as waves pass the main buoy 18,
vertical displacement of the main buoy 18 by a passing wave
is transformed into rotational motion of the oscillating pulley
22. Although the main cable 24 is described as coupled to the
main buoy 18 and the retracting buoy 20 and wrapped around
the pulley 22, it will be readily understood by those skilled in
the art that any number of arrangements may convert vertical
motion of the main buoy 18 to rotational motion. For
example, a first cable may be coupled on one end to the main
buoy 18 and coupled on the other end to the pulley 22. A
second cable may be coupled to the retracting buoy 20 on a
first end and coupled on the other end to the pulley 22. In such
an arrangement, the first and second cables effectively replace
one main cable 24 to rotate the oscillating pulley 22 as the
main buoy 18 moves vertically.

[0029] As best seen in FIGS. 4A and 4B, the oscillating
pulley 22 is coupled to the ratchet mechanism 26 such that
rotational motion is transferred from the pulley 22 to the
ratchet mechanism 26. Preferably, the pulley 22 and ratchet
mechanism 26 are constructed from stainless steel. The inter-
nal mechanism of the ratchet mechanism 26 consists of three
major components: an outer ring 28, an inner ring 30, and
roller cams 32. The outer ring 28 is attached to the pulley 22
such that the outer ring 28 rotates as the pulley 22 rotates. The
inner ring 30 is attached to the shaft 16 such that the shaft 16
rotates as the inner ring 30 rotates. The ratchet mechanism 26
functions as a one-way ratchet; therefore, the rotation of the
pulley 22 is only translated through the ratchet mechanism 26
to the shaft 16 when the pulley 22 rotates in one direction. For
example, with reference to FIG. 3, the rotation of the pulley
22 is only translated to the shaft 16 when the main buoy 18 is
raised by a passing wave and the pulley 22 rotates clockwise.
When the wave moves past the main buoy 18 and the buoy 18
falls, the counterclockwise rotation of the pulley 22 is not
translated to the shaft 16. This arrangement insures that the
shaft 16 rotates in only one direction as it drives the generator
14.

[0030] One alternative ratchet mechanisms 34 to the ratchet
mechanism 26 described above and illustrated in FIGS. 4A
and 4B is illustrated in FIGS. 5A and 5B. In this alternative
embodiment, a pulley 36 includes a first groove 38 and a
second groove 40. A main buoy cable 42 is attached to the
pulley 36 on a first end, attached to the main buoy 18 on
second end, and wound around the first groove 38 (as seen in
FIG. 8A). A retraction buoy cable 44 is attached to the pulley
36 on a first end, attached to the retraction buoy 20 on second
end, and wound around the second groove 40 in a manner
opposite of the wind of the main buoy cable 42 (see FIG. 8A).
As will be readily understood by those skilled in the art, in
such an arrangement, the pulley 36 rotates in a first direction
when the main buoy 18 moves upward and the retraction buoy
20 moves downward, and the pulley 36 rotates in a second and
opposite direction when the main buoy 18 moves downward
and the retraction buoy 20 moves upward. The shaft 16 passes
through an aperture through the center of the pulley 36, and a
plurality of eccentric rollers 46 are positioned between the
pulley 36 and the shaft 16. Similar to the description above,
the ratchet mechanism 34 translates rotational motion from
the pulley 36 to the shaft 16 when the pulley rotates in the first
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direction but does not translate rotational motion from the
pulley 36 to the shaft 16 when the pulley 36 is rotated in the
second direction.

[0031] Whether rotational motion is transferred from the
pulley 36 is controlled by the eccentric nature and positioning
of the rollers 46. The rollers 46 are slightly elliptical and
positioned such that, when the pulley 36 is rotated in the first
direction, the rollers 46 are engaged with both the shaft 16 and
the pulley 36, thus mechanically transferring motion from the
pulley 36 to the shaft 16. When the pulley 36 is rotated in the
second direction, the rollers 46 rotate slightly to create a gap
between the rollers 46 and the pulley 36, thus allowing the
pulley 36 to slip with respect to the shaft 16. Seals 48 may be
utilized to prevent water from flowing into contact with the
rollers 36, which may optionally be lubricated. In addition, a
housing 50 may be utilized to enclose the pulley 38 and
ratchet mechanism 34 and to provide bearing surfaces for the
shaft 16.

[0032] As aforementioned and illustrated in FIG. 2, a plu-
rality of motion translating assemblies 12 are coupled to the
shaft 16 to drive the generator 14, which is located at an end
of the system 10 that is closest to shore. In such an arrange-
ment, it is preferable that the shaft 16 only rotates in one
direction. As multiple motion translating assemblies 12 assist
in rotating the shaft 16, limiting the shaft 16 to only one
direction of rotation allows the assemblies 12 to cooperate in
driving the generator 14.

[0033] Inanembodiment ofthe presentinvention, as shown
schematically in FIG. 6, a plurality of motion translating
assemblies 12 extend diagonally from the shoreline 52 at
approximately a 45 degree angle. Preferably, the system 10
includes approximately thirty motion translating assemblies
12. The assemblies 12 are spaced approximately 30 feet apart,
with the assembly 12A closest to the shoreline 52 approxi-
mately 500 feet off shore, and the assembly 12B farthest way
from the shoreline 52 approximately 3000 feet off shore.
Such an arrangement generally results in each incoming wave
raising and lowering each main buoy 18 at a different point in
time. As a wave progresses towards the shoreline 52, it first
encounters the assembly 12B farthest off shore and raises and
then lowers that assembly’s 12B main buoy 18. Over time, the
wave progresses through the plurality of assemblies 12 until
it reaches the assembly 12A closest to the shore. Such an
arrangement insures that any single wave will not raise and
lower the plurality of main buoys 18 at the same point in time,
but will raise the plurality of main buoys 18 over a period of
time. The raising of main buoys 18 over time as the wave
progresses towards the shoreline 52 causes different motion
translating assemblies 12 to rotate the shaft 16 at different
times, resulting in constant rotation of the shaft 16 at a gen-
erally constant speed. Preferably, the arrangement of assem-
blies 12 is such that at least five of the approximately thirty
assemblies 12 are actively rotating the shaft 16 at any point in
time.

[0034] An arrangement that results in a constantly rotating
shaft 16, rotating at a generally constant speed, is a desirable
method for driving a generator 14. A gearbox optionally may
beusedto couple the shaft 16 to the generator 14. The gearbox
may manipulate the rotation speed of the shaft 16 to convert
the rotational input into the generator 14 to an optimal rota-
tion speed for the generator 14. For example, if the plurality of
motion translating assemblies 12 rotates the shaft 16 at a
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relatively low speed, the gearbox may increase the rotation
speed to provide a higher and more efficient rotation speed to
the generator 14.

[0035] The generator 14 has been described and illustrated
as located at the end of the system 10 that is closest to the
shore. It will be readily understood by those skilled in the art
that the generator 14 is not limited to such positioning. For
example, the generator 14 may be located at an end of the
system 10 farthest away from the shore; two generators 14
may be used, with one generator 14 located at the far end and
the other generator 14 located at the near end; or a generator
14 may be located in the middle of the system 10, between
two motion translating assemblies 12. Positioning the gen-
erator 14 on the seabed surrounds the generator with water,
which cools the generator 14 as it generates electric power. As
generators 14 typically give off heat, providing a readily
available method of cooling the generator 14 increases the
efficiency of the generator 14.

[0036] Eachmotion translating assembly 12 is secured to a
support platform 54 to maintain a static position with respect
to the seabed. In an exemplary embodiment, the support
platform 54 is a concrete slab with vertical pillars. The con-
crete slab 54 has enough mass to maintain its position on the
seabed and resist movement due to tides, thrust from the main
buoy 18, storms, or other inclement weather. The concrete
slab 54, along with the vertical pillars, supports the pulley 22
or 36, the ratchet mechanism 26 or 34, and the shaft 16.
Preferably, the support platform 54 is a rectangular slab of
concrete measuring ten feet in width, eight feet in depth, and
four feet in height. Such a concrete slab weights approxi-
mately twenty-five tons and can withstand substantial forces
without moving.

[0037] As best seen in FIG. 2, each motion translating
assembly 12 is coupled to an adjoining assembly 12 by the
shatt 16. The shaft 16 is comprised of a plurality of individual
shaft segments 56, which extend from a ratchet mechanism
26 or 34 secured to a support platform 54 to another ratchet
mechanism 26 or 34 secured to an adjacent support platform
54. To reduce or eliminate concerns over the unevenness or
irregularity of the seabed and precise placement of individual
support platforms 54, the shaft segments 56 are coupled to the
ratchet assemblies 26 or 34 by constant velocity joints 58 (as
best seen in FIG. 4A). The constant velocity joints 58 are
preferably constructed from stainless steel and allow orbital
deflection through a variety of angles. Such an arrangement
allows the plurality of motion translating assemblies 12 to
continuously drive the shaft 16 even when unevenness of the
seabed causes an assembly 12 to be positioned lower or
higher relative to the adjoining assemblies 12.

[0038] In an embodiment of the present invention, as best
shown in FIG. 3, the main buoy 18 includes two ten-foot
diameter opposed spherical dishes 60 fused together at their
edges. The dishes 60 are preferably constructed of aluminum.
The curved shape of the dishes 60 permits a breaking wave to
wash over the top of the buoy 18, thereby exerting a force on
both the front of the buoy 18 and on the rear of the buoy 18 to
assist in maintaining the buoy 18 in a substantially stationary
position. The main buoy 18 is equipped with two remotely
operated valves—an air inlet valve 62 and a water inlet valve
64. The valves 62 and 64 are remotely controlled to take in
water through the water inlet valve 64 for additional ballast to
stabilize the floating position of the buoy 18, or to take in
pressurized air through the air inlet valve 62 to expel water
and reduce water ballast in the buoy 18. The valves 62 and 64
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are arranged such that the buoy 18 may take on enough water
ballast to completely submerge the buoy 18. A complete
submersion of the buoy 18 may be desirable to reduce or
eliminate damage to buoys 18 or other system components
when violent storms or other such hazards are present. Once
a storm passes, the buoy 18 may take in pressurized air
through the air inlet 62 to expel water ballast and return the
buoy 18 to its operative position. Furthermore, the main buoy
18 can be adjustably raised or lowered through the intake and
expulsion of water ballast to dynamically adjust the buoy 18
position in response to changing wave conditions to maintain
optimal operative positioning for the buoy 18.

[0039] Referring again to FIG. 3, the buoy 18 may be
equipped with three pivoted rings 66 through which the buoy
18 is connected to the main cable 24. Three connector cables
68 may be attached to the pivoted rings 66 on one end and
attached to a common ring 70 on the other end. The main
cable 24 may be attached to the common ring 70 on one end
and wrapped around the oscillating pulley 22 or 36 as previ-
ously described. In a preferred embodiment, the main cable
24 and the connector cables 68 are approximately ¥ inch in
diameter, with the connector cables 68 approximately 10 to
15 feet in length and the main cable 24 approximately 100 to
200 feet in length.

[0040] While the shape of'a main buoy may be as illustrated
in FIG. 3 or any other configuration capable of floating, a
preferred embodiment of the main buoy 72 is illustrated in
FIGS.7A, 7B, and 7B. The main buoy 72 includes a generally
rectangular body, with the top 74 and bottom 76 surfaces
slightly bowed out. A skirt 78 extends from the bottom 76 of
the buoy 72, and a rigid member 80, such as a pipe, extends
downward from the bottom 76 of the buoy 72, and at least one
keel member 82 is attached to the pipe 60. Optionally, mul-
tiple keel members 82 may be attached to the pipe 80. Pref-
erably, three keel members 82 are attached to the pipe 80,
each 120 degrees apart. The pipe 80 is preferably ten feet in
length, and the keel members 82 are triangular shaped and
three feet high and three feet wide. As a wave passes the buoy
72 the turbulence in the water is near the surface. Positioning
the keel members 82 ten feet below the surface of the water
places avoids the turbulence of the wave. Such an arrange-
ment provides stability to the buoy 72 and eliminates or
reduces lateral movement, wobbling or rocking of the buoy
72. The elimination of such movement increases the vertical
displacement of the buoy 72 and allows recovery of an
increased percentage of a wave’s energy.

[0041] The rectangular shape of the main buoy 72 may
produce greater thrust in the motion translating assemblies 12
and produce greater rotational motion of the shaft 16. A
rectangular component placed in rough waters has a tendency
to turn such that its longer vertical surface faces the incoming
waves. By offering a greater surface area to incoming waves,
the rectangular buoy 72 catches more of the wave, thereby
providing more thrust to the main cable 24 as the buoy 72 is
moved upward by a passing wave. Preferably, the rectangular
buoy 72 is thirty feet wide, ten feet deep, and five feet high.

[0042] The positioning and shape of the skirt 78 also tends
to eliminate or reduce lateral movement, wobbling, and rock-
ing of the buoy 72. The shape of the skirt 78, in cooperation
with the downward forces produced by the main cable 24 and
connector cables 68, holds the buoy 72 level on the surface of
the water as a wave passes. As the wave displaces the buoy 72
upward, the buoy 72 remains level, thus reducing or eliminat-
ing lateral movement, wobbling, and rocking. As described
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above, maximizing vertical movement also maximizes the
energy recovered from a wave.

[0043] Referring again to FIGS. 8 A and 8B, the buoy 72 is
attached to a pulley 36 in a manner similar to that previously
described. Three connector cables 68 connect the buoy 72 to
a common ring 70. A main pulley cable 42 connects the
common ring 70 to a first groove 38 in the pulley 36. In
addition, as described above, the rectangular buoy 72
includes an air inlet valve 62 and a water inlet valve 64 for the
intake and expulsion of water ballast to position the buoy 72
to perform optimally or avoid hazards. Preferably, the main
buoy 72 is constructed from aluminum; however, the present
invention includes buoys constructed of any material that
allows the buoy to float and rise and fall as waves pass.
[0044] Theretracting buoy 20, as best shown in FIGS. 3 and
8A, is preferably constructed from aluminum, is cylindrically
shaped, and includes a guide sleeve 84. Similar to the main
buoys 18 and 72, the retracting buoy 20 is equipped with a pair
of valves—an air inlet valve to intake air and expel water
ballast, and a water inlet valve to intake water to increase
water ballast. The bottom of the retracting buoy 20 is
equipped with a ring 86 that is attached to a main cable 24,
which is then wrapped around an oscillating pulley 22 (as
seen in FIG. 3). Alternatively, the ring 86 may be attached to
a retracting pulley cable 44, which is then attached to an
oscillating pulley 36 and wound around a second groove 40 of
the pulley 34 (as seen in FIG. §A).

[0045] The guide sleeve 84 is attached to the side of the
retracting buoy 20. The guide sleeve 84 is arranged to slide
along the cable 24 or 42 to maintain a controlled reciprocating
motion that recoils the oscillating pulley 22 or 36 as a wave
progresses past the main buoy 18 or 72. In a preferred
embodiment, the retracting buoy 20 is approximately 16
inches in diameter and 24 inches in height.

[0046] Withrespect to the costof building traditional power
plants, a wave energy recovery system 10 is very inexpensive
to build and install. To install a system 10, components of the
system 10 may be loaded onto pontoons or other such floating
platforms. The pontoons may be evenly spaced along the
surface of the water. The spacing of the pontoons may be
approximately equal to the desired operative distance
between installed support platforms 54 along the seabed.
Pulleys 22 or 36 and ratchet mechanisms 26 or 34 may then be
secured to support platforms 54 on the pontoons. These
assembled support platforms 54 may be lowered into position
on the seabed from the pontoons, using any conventional
means, such as chains or cables. The ratcheting mechanisms
26 or 34 may be coupled together by shaft segments 56 and
constant velocity joints 58, as previously described. In one
alternative, the ratcheting assemblies 26 or 34 may be coupled
together with the shaft segments 56 while the support plat-
forms 54 are on the pontoons, and the plurality of support
platforms 54 may be lowered together to the seabed.

[0047] Once the ratchet assemblies 26 or 34 are coupled
together, cables 24 or 42 and 44 are wrapped around each
pulley 22 or 36, and a retracting buoy 20 may be attached to
one end of the cable and the guide sleeve 64 installed along
the cable. The main buoys 18 or 72 may be partially sub-
merged to approximately an operative position by taking in
and expelling water ballast using the air and water inlet valves
62 and 64. The free end of the main cable 24 may be attached
to the common ring 70 and the length of the main cable 24
properly adjusted. As shown in FIG. 1, the generator 14 may
be positioned on the seabed and connected directly to one end
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of the shaft 16. Such an arrangement translates reciprocating
vertical motion from the main buoys 18 or 72 to rotational
motion of the shaft 16 coupled to the generator 14. The
generator 14 includes a support platform 88 similar to the
support platforms 54 of the motion translating assemblies 12.
The generator support platform 88 is constructed from con-
crete and is designed to resist movement due to tides, storms,
and other such inclement weather. As will be readily appre-
ciated by those skilled in the art, the rotational motion of the
shaft 16 is converted to electric power by the generator 14. A
power cord 90 is attached to the generator 14 to deliver the
electric power generated to shore. Preferably, the generator
14 is an alternating current (AC) permanent magnet genera-
tor. A rectifier is wired to the generator 14 to convert the
alternating current to DC current. A voltage converter is
coupled to the rectifier to generate a consistent DC current.
Such a DC current can be used as a final source of electricity,
or the DC current may be converted back to AC current.

[0048] Although the ratcheting mechanism 26 and 34 have
been shown as coupled to the shaft 16, the ratcheting mecha-
nisms may be arranged to engage the shaft 16 through a gear.
Referring to F1G. 9, a ratcheting mechanism 92 is illustrated.
The ratcheting mechanism 92 is not directly engaged with the
shaft 16. The mechanism 92 is positioned above the shaft 16
and uses a pair of gears 94 and 96 to engage the shaft 16.
Similarly as previously described, the ratcheting mechanism
92 transfers rotational motion from the pulley (located within
the housing 98) to the shaft 16 when the pulley is rotated in a
first direction, and does not transfer motion from the pulley to
the shaft 16 when the pulley is rotated in a second direction.
The arrangement illustrated in FIG. 9 allows for the removal
of a damaged ratchet mechanism 92 and replacement of that
mechanism 92 without shutting down the system to stop the
rotation of the shaft 16.

[0049] Although the foregoing embodiments of the present
invention have been directed to a plurality of motion translat-
ing assemblies 12 arranged to rotate a shaft 16 todrive a single
generator 14, it will be readily understood by those skilled in
the art that the present invention as described may be applied
to any number of arrangements to transform vertical displace-
ment of a buoy to mechanical or electrical energy. For
example, each motion translating assembly 12 may be
arranged to drive a shaft attached to a generator dedicated to
that assembly 12. In another example, the energy of a wave
may be harnessed to drive a pump to move hydraulic fluid to
drive a generator.

[0050] With reference to FIGS. 10, 11A, 11B, and 12,
another embodiment of the present invention is illustrated.
The motion translating assemblies 12 are arranged to drive
dedicated generators 100 coupled to each support platform
102. The assemblies 12 are arranged as previously described.
However, a permanent magnet generator 100 is attached to
each support platform 102. The vertical motion of the main
buoy 18 or 72 is translated to rotational motion to rotate a
driveshaft 104. The driveshaft 104 is coupled to and drives the
generator 100, which produces electric power. The generated
electric power can be delivered to shore, either for immediate
use or to feed into a power distribution grid. Optionally, the
electric power can be stored on the support platform 102 to be
subsequently delivered to shore. One method of storing the
electric power on the support platform 102 is to couple the
generator 100 to a supercapacitor 106. Supercapacitors offer
relatively high cycle lives, having the capacity to cycle mil-
lions of times before failing; low impedance; rapid charging;
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and no lose of capability with overcharging. As illustrated in
FIG. 10, a power cable 108 may be attached in series to each
supercapacitor 106 to deliver stored electric power to shore.
As a wave passes the motion translating assemblies 12, some
assemblies produce electric power, while others are momen-
tarily idle. Similar to the cooperation of assemblies 12 to
rotate the shaft 16 previously described, the plurality of super-
capacitors 106 placed in series cooperate to deliver a consis-
tent current of electric power to shore. A programmable logic
control device may optionally be incorporated into the system
to control the generators 100, supercapacitors 106, and other
system components to delivery a consistent electrical current
to the shore.

[0051] The driveshafts 104 may be arranged to only rotate
in one direction as previously described, or may optionally be
arranged to rotate in both clockwise and counterclockwise
directions. An AC permanent magnet generator may be
arranged to generate electric power regardless of the direction
the driveshaft 104 rotates. Generators may also be arranged to
eliminate any need for a gearbox when generating electric
power. With reference to FIG. 12, a system may be optionally
arranged such that each dedicated generator 100 has a dedi-
cated power cable 110 to deliver electric power to shore. The
electric power generated by the plurality of generators 100
may be accumulated on shore and delivered to a power dis-
tribution grid.

[0052] The use of dedicated generators 100 secured to each
support platform 102 allows for easy installation of the wave
energy recovery system. As illustrated in FIG. 13, support
platforms 102 may be placed randomly, without concern for
the positioning of adjacent platforms 102. Each motion trans-
lating assembly 12 and dedicated generator 100 is self-suffi-
cient and does not rely on adjacent assemblies 12. Flexible
power cables 108 or 110 allow a generator 100 or superca-
pacitor 106 to deliver electric power to shore from nearly any
location on the seabed, either in series or in parallel.

[0053] With reference to FIGS. 14, 15A, and 15B, yet
another embodiment of the present invention is illustrated.
The motion translating assemblies 12 are arranged such that
each assembly 12 drives individual pumps 112 secured to
each support platform 114. The assemblies 12 are arranged to
rotate a driveshaft 116 coupled to each pump 112. Pressure
lines 118 couple each pump 112 to a multiple hydraulic pump
drive system 120, typically located on shore. Each pressure
line 118 transmits pressure generated by each pump 112 to a
central pressure repository or accumulator 122. This pressure
repository 122 releases pressure at a constant rate to drive a
flywheel of the multiple hydraulic pump drive system 120 to
generate electric power. Such an arrangement results in self-
sufficient assemblies 12 and pumps 112. It will be readily
understood how the inclusion of flexible pressure lines 118
allows for easy installation, as described above. Similar to the
previous description, the multiple hydraulic pump drive sys-
tem 120 generates an AC current, which is converted to DC
current by a rectifier. A voltage converter generates a consis-
tent DC current to be used as a final source of electricity or to
be converted back to AC current.

[0054] The embodiments, as described herein, allow for
easy and inexpensive relocation of a wave energy recovery
system. As will be readily understood, a system may be rela-
tively easily and quickly disassembled and moved to a more
desirable location. In addition, the modular nature of the
embodiments allows for rapid expansion of an existing and
operative system. [n addition, the location of systems on a
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seabed provides for a self-cooling system, which improves
operation and lowers maintenance costs.

[0055] Thepreferred embodiment ofthe invention is shown
in the accompanying drawings. However, nothing in this dis-
closure or the drawings should be interpreted to limit the
broadest scope of the invention as recited in the appended
claims. And while the invention has been described with
reference to the preferred embodiment, obviously other
embodiments, modifications, and alternations clearly falling
within the scope of the invention as claimed would be evident
to a reader upon reading and understanding this specification
and the accompanying drawings. To the extent covered by the
appended claims, all such embodiments, modifications, and
alterations are contemplated by the present disclosure.

Having thus described the invention, we claim:

1. A wave energy recovery system comprising:

a motion translating assembly comprising;

a main buoy; and

a shaft coupled to said main buoy, wherein vertical
motion of said main buoy is translated into rotational
motion of said shaft; and

an electric power generating device coupled to said shaft,

wherein rotational motion of said shaft results in said
electric power generating device generating electric
power.

2. The wave energy recovery system of claim 1, wherein
said motion translating assembly further comprises:

a retracting buoy;

a pulley, coupled to said shaft; and

acable, coupled on a first end to said main buoy, coupled on

a second end to said retracting buoy, and wrapped
around said pulley.

3. The wave energy recovery system of claim 2 wherein the
coupling of said pulley to said shaft translates rotational
motion from said pulley to said shaft when said pulley rotates
in a first direction and does not translate motion from said
pulley to said shaft when said pulley rotates in a second
direction.

4. The wave energy recovery system of claim 3 wherein
said motion translating assembly is one of a plurality of
motion translating assemblies comprising said wave energy
recovery system.

5. The wave energy recovery system of claim 1 wherein
said shaft is comprised of a plurality of shaft segments.

6. The wave energy recovery system of claim 5 wherein
each of said plurality of motion translating assemblies is
coupled to an adjacent motion translating assembly by one of
said plurality of shaft segments.

7. The wave energy recovery system of claim 6 wherein
each of said plurality of shaft segments is coupled to one of
said plurality of pulleys by a constant velocity joint.

8. The wave energy recovery system of claim 1 further
comprising a support platform, wherein said shaft is rotatably
coupled to said support platform.

9. The wave energy recovery system of claim 8 wherein
said buoy is positioned proximate to a surface of a body of
water and said support platform is positioned proximate to a
bed of said body of water.
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10. The wave energy recovery system of claim 1 wherein
said electric power generating device is an alternating current
permanent magnet generator.

11. The wave energy recovery system of claim 1 further
comprising a gearbox, wherein said gearbox is coupled to
said shaft and coupled to said electric power generating
device.

12. The wave energy recovery system of claim 1 further
comprising a capacitor coupled to said electric power gener-
ating device.

13. The wave energy recovery system of claim 1 wherein
said main buoy comprises:

a water intake valve; and

an air intake valve.

14. The wave energy recovery system of claim 1 further
comprising a power cable coupled to said electric power
generating device.

15. The wave energy recovery system of claim 1 wherein
said main buoy comprises:

a rectangular body; and

a skirt coupled to said rectangular body.

16. A wave energy recovery system comprising:

a motion translating assembly comprising;

a main buoy; and

a shaft coupled to said main buoy, wherein vertical
motion of said main buoy is translated into rotational
motion of said shaft;

a pump coupled to said shaft, wherein rotational motion of

said shaft results in said pump generating pressure;

a pressure line coupled to said pump; and

an electric power generating device coupled to said pres-

sure line.

17. The wave energy recovery system of claim 16, wherein
said electric power generating device is a multiple hydraulic
pump drive system.

18. The wave energy recovery system of claim 17 wherein
said motion translating assembly is one of a plurality of
motion translating assemblies comprising said wave energy
recovery system.

19. The wave energy recovery system of claim 18 wherein
said pump is one of a plurality of pumps comprising said wave
energy recovery system;

further wherein, pressure from said plurality of pumps is

accumulated to drive said hydraulic generator.

20. A method for recovering energy from waves compris-
ing:

positioning a plurality of buoys in a body of water;

positioning a shaft in said body of water;

positioning an electric power generating device in said

body of water or proximate to said body of water;
coupling each of said plurality of buoys to said shaft;
coupling said shaft to said electric power generating
device;

translating vertical motion of said buoy to rotational

motion of said shaft; and

engaging rotational motion of said shaft to said electric

power generating device to generate electric power.

L T



US 20100102562A1

a2y Patent Application Publication o) Pub. No.: US 2010/0102562 A1

as) United States

Greenspan et al.

(43) Pub. Date: Apr. 29, 2010

(54) WAVE ENERGY RECOVERY SYSTEM

Alexander Greenspan, Solon, OH
(US); Gregory Greenspan, Solon,
OH (US); Gene Alter, Chagrin
Falls, OH (US)

(76) Inventors:

Correspondence Address:

MCDONALD HOPKINS LLC

600 Superior Avenue, East, Suite 2100

CLEVELAND, OH 44114-2653 (US)
(21)  Appl. No.: 12/466,960
(22) Filed: May 15, 2009

Related U.S. Application Data
(60) Provisional application No. 61/127,699, filed on May

Publication Classification

(51) Int.CL

FO03B 13/16 (2006.01)
(52) USeClL oo 290/53
57) ABSTRACT

The present invention includes novel apparatus and methods
for recovering energy from water waves. An embodiment of
the present invention may include a buoy, a shaft, and an
electric power generating device. The shaft may be coupled to
the buoy such that when the buoy moves vertically inresponse
to a passing wave, the shaft rotates. The shaft may be coupled
to the electric power generating device such that when the
shaft rotates, the generating device produces electric power.
Once electric power is generated, it may be delivered to shore,
where it is stored, used to power a device, or delivered to a
power distribution grid.

15, 2008.
1;
20
47 T
62
68 68 68

367

1; 1;
20 20
|
62 62
68 68 68
36"




Patent Application Publication  Apr. 29,2010 Sheet 1 of 28 US 2010/0102562 A1

110

P
e
A
68 68
. 18
T 14
L 16
40

110

110

20

‘E
367 |
110 <



Patent Application Publication  Apr. 29,2010 Sheet 2 of 28 US 2010/0102562 A1




Patent Application Publication  Apr. 29,2010 Sheet 3 of 28 US 2010/0102562 A1

I
IR .
) 7
] <
S A 2ad A\ 4
1‘\ A m
o o)
- :' < ] 3 E
HoN \
3 T ]| | = ] 3
N e N e
— ] —5 —p]
© © ©
\.N \N
= Lv \.s: i \S
‘_\ - A v
s
i ¥ Il =
. N . N
N Bl Eg
— — 3l
© ©

/
12
16
1‘2/' ’%% 14

r——"
12

\s



US 2010/0102562 A1

Apr. 29,2010 Sheet 4 of 28

Patent Application Publication

ovj

214

144

1514

[A4



Patent Application Publication  Apr. 29,2010 Sheet 5 of 28 US 2010/0102562 A1
" 1
= LR 1
i 07 1
I B F--Ir3-IC]
| |
AL |
o
Ty
i | I |
: ::::IJI:E::
i LB o
! gy =in o
T : s < — I
] 1
(4 __ v __ ¥ o I
dand = E
< A
w0 -
‘.?,—\__ U N I | & |
= -i___-s_—-—;- i i II s,
1 ey = IRE =T 4 m—
{ e e
o =] 8 q
B\ @ NS




Patent Application Publication  Apr. 29,2010 Sheet 6 of 28 US 2010/0102562 A1

36

\avo
}
|/
/

Fig. 6

38
°

2

ﬂ




US 2010/0102562 A1

Apr. 29,2010 Sheet 7 of 28

Patent Application Publication

[l




US 2010/0102562 A1

Apr. 29,2010 Sheet 8 of 28

Patent Application Publication

on

=g =)




US 2010/0102562 A1

Apr. 29,2010 Sheet 9 of 28

Patent Application Publication

__——

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

14"}

— g, 9G

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

E——

vi

LA —
‘WA
Ve ) /A4 rAY]
s \\\
‘ref . 90}
“ \ = w.\\\'\
_ 90 A — Qo === HlnHHHHH/HHHHlHHbN«@v
> N ol
\ Z /z \ ,/ .
N g /
/ AY
05 rs X \A RSB —
\ %
«\P-T-lf.l-+



Patent Application Publication  Apr. 29, 2010 Sheet 10 0of 28  US 2010/0102562 A1l

O -1 —-—b1+-1d ), O
~1F | | | =
N ::‘l\‘ A N 15‘}
in i i
FREYN ’J\o"\
F s KNI X K LA 11
N NN
<t
ID\
|
| Q
-
[ ]
.
! L.
\_,-\
1o} w0
P,
| |
I K I Ay A
N LN Y TSR
o)
!‘\’l y i ‘I 1‘:’
—} PN
paing | | | iy
O {}—-¢——-4¢———¢~ e




US 2010/0102562 A1

Apr. 29,2010 Sheet 11 of 28

Patent Application Publication




Patent Application Publication  Apr. 29,2010 Sheet 12 0f28  US 2010/0102562 Al

™

[ £7 N
v N\Pe—e
| ==Y
g ’+-+-" = —J‘Pwo- + - +) “3 '
W : Nt |
108 i | 1)
7.{. &:A\ T\‘
I —
T T
I PLELNE +
. 1/
Nt -+ -»—4—&—&—4 - 1A -¢-
L
= ] N
o
42—~—Z ’ —
[ :'_‘_T__Z%ZZ:_Z:;:Z—:Z: —f-—-—-— >40
=/ 1 i ——
: - S, ,
42—+ | | |
| | )
44
44
48 48



Patent Application Publication  Apr. 29, 2010 Sheet 13028  US 2010/0102562 A1l

— — ++ T
1|1;| )
@ i R i ﬁ l
" % i v N
ki -1 | \’\114 ki
in check n out check
valve valve
] B '4\1.

1, L g+ L
i I it
o




Patent Application Publication  Apr. 29, 2010 Sheet 14 0of28  US 2010/0102562 A1




Patent Application Publication  Apr. 29, 2010 Sheet 150f28  US 2010/0102562 Al




Patent Application Publication ~ Apr. 29, 2010 Sheet 16 0of 28  US 2010/0102562 A1l

120 124 128

90
30 \ ) L
] / \
= AN
SLE
s
\ S — / t
30 \ %
) /
122 90




Patent Application Publication ~ Apr. 29, 2010 Sheet 17 0f28  US 2010/0102562 Al

92

0 _®
— -

@ = CJO—+—0o
__H —_ —
f S at—x

Fig. 19

N
\‘m

=== ©
0 ©
Lo ) o
H-d _\\\;x_ F
Q& O
LL
oSS

80
80\\



Patent Application Publication ~ Apr. 29, 2010 Sheet 18 0of 28  US 2010/0102562 A1l

‘\\ /—18

-7 1210
2N
N =

N

92

Fig. 20A



Apr. 29,2010 Sheet 19 0£28  US 2010/0102562 Al

Patent Application Publication




Patent Application Publication  Apr. 29, 2010 Sheet 20 0of 28  US 2010/0102562 A1l




US 2010/0102562 A1

Apr. 29,2010 Sheet 21 of 28

Patent Application Publication

1NO div 1svivd

IATVA
AIONT10S
1O7Id dIv
AVAM-E

1NO dIv LSvivd

mllmﬁm& 1Svve _u._._A_ MV 1SVive | —o—
— IV 1svive | )—o—
— (] dIlvV 1SVIvE | —o—
anL /L L q o 5viva |
‘anL.p/e L ONIENL Jp/e d dlv 1SV Ive _u.h..N:
I
Sl 2 (] "iv 1081NOD U.:Q HIV TOMINOD|
3INTVA 10S
HIv
ALV XNV
iS4 000g @1sd oot [
_I.rm_ IATVA
ANTVA 43113y
AlON3TOS 3UNSSIUd

107Id dIv
AVM-E

5

INTVA
QION310S
107Id dIv
AVM-£

ONIgNL «.2/L _

SAATVA TOUVHOSIA/IAVLINI HILVM

T

£

~—
_ ONidn.L .2/1 _ Z6

IMVLNI HIV
"BNL WP/

G o

N B

o P _m_@.@_mwD
o . v v L] -
— INVINI HIV
Ky

o

<L
o
o
g

rd A B



US 2010/0102562 A1

Apr. 29,2010 Sheet 22 of 28

Patent Application Publication

vz ‘B4
338 -

B-

-
om\Nm,\\

) —— — L

epGl




Patent Application Publication ~ Apr. 29, 2010 Sheet 23 of 28  US 2010/0102562 A1l

<t -
< ]
= Ko -1
S
- ]
\ F)
o s (
((ENEEN
3 \
- <J
¥\‘ | oN
) —_ — - "
I o)
! Ll
! B,
. ! C
| =
i .
!
!
!

SEE ————mee
Fig. 23



Patent Application Publication  Apr. 29, 2010 Sheet 24 of 28  US 2010/0102562 A1l

<
(T}
g -
({o)
N
o
LL.
)
W
o s g
24 -
gl'o\ <t
2 A Q
—H [ ] o)
i
Bl | _
\
Te)
4 J -

148<



US 2010/0102562 A1

Apr. 29,2010 Sheet 25 of 28

Patent Application Publication

vel
12 "bid
zZel i&
) Zel
Jw¢nr
gclL wm_.‘v
5 ] |
e T
T= —]
— L | 9cL
u% an_,w;@
H@ﬁ, [ > <+ W
I oﬂv
ovi ‘
\\
568 gl %
I
o€l ~

velL
A} Zel __W_ r4)
— e
Zel
r4)
e vel -
yel B yeL
ocl
A" ]
P Zel w@
on_v | @
-2l
_—Cl an
pel S pelL
oclL
A4} ZL
— cel sw —
omF\ e
9¢L



Patent Application Publication  Apr. 29, 2010 Sheet 26 of 28  US 2010/0102562 A1l

<t
o =
©
© \ o
N
lim.
o LL
(@
(o]
o
© ©
@)
> /

Fig. 28

132




Patent Application Publication  Apr. 29, 2010 Sheet 27 0f28  US 2010/0102562 Al

N
©

O N
(+2] A

:

~F

20

Fig. 30




Patent Application Publication

Apr. 29,2010 Sheet 28 of 28

US 2010/0102562 A1

90 90
74 74
() 0
(_/ . ‘ﬁ
76 70 72 72 70 76
74
A 70
o 0 ° 2 0 /
) o \_72
| I ()
8 92 L 92
| |
Fig. 3
95
| 102
%
Fig. 31 Fig. 32



US 2010/0102562 A1l

WAVE ENERGY RECOVERY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit from U.S. Provi-
sional Patent Application No. 61/127,699, entitled “Wave
Energy Recovery System,” filed on May 15, 2008, which is
hereby incorporated in its entirety by reference.

FIELD OF INVENTION

[0002] The present invention relates generally to systems
for recovering energy from waves and, more particularly, the
present invention relates to an apparatus and methods for
transforming vertical displacement of buoys caused by waves
into rotational motion that is converted into energy, such as
electric power.

BACKGROUND

[0003] Currently, approximately 350 million megawatt-
hours of energy are consumed globally each day (which is
equivalent to the energy in approximately 205 million barrels
of oil). With continued industrial expansion and population
growth throughout the developed and developing world, glo-
bal consumption is expected to increase approximately sixty
percent over the next twenty-five years, pushing global
energy consumption to over 500 million megawatt-hours per
day.

[0004] Approximately seventy-five percent of energy cur-
rently consumed comes from non-renewable sources, such as
oil, coal, natural gas, and other such fossil fuels. The current
level of fossil fuel usage accounts for the release of approxi-
mately six million tons of carbon dioxide into the atmosphere
each day. With a finite supply of fossil fuels available and
growing concerns over the impact of carbon dioxide, contin-
ued reliance on fossil fuels as a primary source of energy is
not indefinitely sustainable.

[0005] One approach to sustaining the current global
energy consumption rate and accounting for future increases
in consumption is to research and develop novel and
improved methods for generating energy from renewable
sources. Sources of renewable energy include water-powered
energy, wind-powered energy. solar energy, and geothermal
energy. Of the current practical renewable energy sources,
water-powered energy, and specifically wave-powered
energy, may hold the most promise for developing a substan-
tial renewable energy source to meet growing global energy
needs.

[0006] It has been long understood that ocean waves con-
tain considerable amounts of energy. Given the high level of
energy concentration present in waves and the vast areas
available for harvesting such energy, wave-powered energy
technology represents a significant renewable energy source.
Numerous systems have been developed in an attempt to
efficiently capture the energy of waves; however, no prior
conceived systems or methods have achieved the efficiency or
cost-effectiveness required to make wave-powered energy a
viable alternative energy source.

[0007] Wave energy recovery systems must successfully
operate 1n very hostile marine or freshwater environments.
Such environments are prone to violent storms and the
[0008] deleterious impact of salt water, plant life, and ani-
mal life. Further, due to the offshore location of such systems,
asuccessful system must include an efficient means for deliv-
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ering the energy output to shore. These and other technical
challenges have been addressed and overcome by this inven-
tion as herein described.

SUMMARY OF INVENTION

[0009] The present invention includes novel apparatus and
methods for recovering energy from water waves. An
embodiment of the present invention includes a buoy, a shaft,
and an electric power generating device. The shaft may be
coupled to the buoy such that when the buoy moves vertically
in response to a passing wave, the shaft rotates. The shaft may
be coupled to the electric power generating device such that
when the shaft rotates, the electric power generating device
produces electric power. Once electric power is generated, it
may be delivered to shore, where it is stored, used to power a
device, or delivered to a power distribution grid.

DESCRIPTION OF DRAWINGS

[0010] Objects and advantages together with the operation
of the invention may be better understood by reference to the
following detailed description taken in connection with the
following illustrations, wherein:

[0011] FIG. 1illustrates a view of an embodiment of'a wave
energy recovery system.

[0012] FIG. 2 is a schematic view of an embodiment of a
wave energy recovery system.

[0013] FIG. 3 is a schematic illustration of another embodi-
ment of a wave energy recovery system.

[0014] FIG. 4 is a side cross-sectional view of a platform,
generator, and drum mechanism of the wave energy recovery
system of FIG. 1.

[0015] FIG. 5 is a side cross-sectional view of the drum
mechanism and generator of FIG. 4.

[0016] FIG. 6 is a side view of the drum mechanism of the
wave energy recovery system of FIG. 1.

[0017] FIG. 7 is a magnified view of the drum mechanism
of FIG. 4.

[0018] FIG. 8 is a magnified view of a clutch of the drum
mechanism of FIG. 7.

[0019] FIG. 9 is a top view of the drum mechanism and
guide plates.

[0020] FIG. 10 is a top view of the guide plates of FIG. 9.
[0021] FIG. 11 is a side view of the generator.

[0022] FIG. 12 is arear view of the generator and platform
of the wave energy recovery system of FIG. 4.

[0023] FIG. 13 is a front view of an oil pump of the wave
energy recovery system of FI1G. 4.

[0024] FIG. 14 is a perspective view of a buoy.

[0025] FIG. 15 is a side view of a buoy in accordance with
the present invention.

[0026] FIG. 16 is a top view of a buoy.

[0027] FIG. 17 is another side view of the buoy of FIG. 16.
[0028] FIG. 18 is a side view of the buoy of FIG. 14.
[0029] FIG.19isacloseup side view of the buoy of FIG. 18
without paddles.

[0030] FIGS. 20A and 20B are views of a retracting buoy.
[0031] FIG. 21A is a close up perspective view of a paddle
mechanism of FIG. 14.

[0032] FIG. 21B is a close up side view of an alternative
paddle mechanism.

[0033] FIG. 22 is a schematic view of a valve and cylinder
system.

[0034] FIG. 23 is a side cross sectional view of a valve.
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[0035] FIG.241is asidecross sectional view of a return tank
for the valve of FIG. 23.

[0036] FIG. 25 is a perspective view of a valve of FIG. 23.
[0037] FIG. 26 is a perspective view of the return tank of
FIG. 24.

[0038] FIG. 27 illustrates a schematic illustration of an

alternative embodiment of a wave energy recovery system.
[0039] FIGS. 28 and 29 illustrate detailed views of the wave
energy recovery system of FIG. 27.

[0040] FIG. 30 illustrates a view of an alternative embodi-
ment of a wave energy recovery system.

[0041] FIG. 31 illustrates a manifold for use with a buoy of
the wave energy recovery system.

[0042] FIG. 32illustrates a check valve of a pedal compres-
sion mechanism for use with a buoy of the wave energy
recovery system.

[0043] FIG. 33 illustrates a view of an alternative embodi-
ment of a pneumatic system for the wave energy recovery
system.

DETAILED DESCRIPTION

[0044] While the present invention is disclosed with refer-
ence to the embodiments described herein, it should be clear
that the present invention should not be limited to such
embodiments. Therefore, the description of the embodiments
herein is only illustrative of the present invention and should
not limit the scope of the invention as claimed.

[0045] A wave energy recovery system, as described herein
and illustrated in FIGS. 1-33, converts the energy of sea or
ocean waves or other such water waves into usable mechani-
cal and electrical energy. Apparatus and methods may be
arranged such that the vertical pulse motion of waves of any
magnitude and frequency may be converted to other types of
motion such as, for example, linear or rotational motion. The
mechanical energy of this resulting motion may be arranged
to drive gearboxes, motors, pumps, various types of genera-
tors, or the like so as to generate energy, such as electrical
power.

[0046] In an embodiment, the vertical pulse motion of a
wave may be translated to a buoy 20 floating at or near the
surface of a body of water to vertically displace the buoy 20.
The vertical displacement of the buoy 20 may be translated to
linear motion of a cable that is coupled to the buoy 20. The
cable may be wrapped around a pulley or drum 50, and the
linear motion of the cable may be translated to rotational
motion of the pulley or drum 50 to drive a generator 14,
thereby capable of generating electric power. The generator
14 may be of any appropriate type, such as an alternating
current (AC) permanent magnet generator. In addition, a plu-
rality of motion translating assemblies 12 may be arranged in
series or parallel. The system 10 is capable of operating
without a gearbox, as there is no switching of gears, with the
drums 50, 52 and use of a gearbox may decrease the efficiency
of the generator 14.

[0047] The AC permanent magnet generator 14 may be
coupled to a rectifier to convert the alternating current (AC)
produced by the generator 14 to a direct current (DC). The
rectifier may be coupled to a voltage converter to generate a
consistent DC current that may be used as a final source of
electricity or to be converted back to AC current and delivered
to a power generation grid. As used herein, the term
“coupled” means directly or indirectly connected in a
mechanical, electrical, or other such manner.
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[0048] FIG.1illustrates a wave energy recovery system 10.
The system 10 may comprise a motion translating assembly
12, a generator 14, a shaft 16, and a platform 40. The system
10 may be positioned at any appropriate location on the floor
of the ocean or other body of water and may be positioned
relatively close to shore. The system 10 may be arranged so as
to generate electrical power and deliver that electrical power
to shore. As will be further described below, the motion
translating assembly 12 may translate the vertical pulse
motion of a wave to rotational motion of the shaft 16, and such
rotational motion of the shaft 16 may drive the generator 14.
[0049] In an exemplary embodiment illustrated in FIG. 1,
each motion translating assembly 12 may be arranged to drive
a shaft 16 attached to a generator 14 independently connected
to and dedicated to that assembly 12. The vertical motion of
the main buoy 20 may be translated to rotational motion to
rotate a shaft 16 that is coupled to and drives the generator 14
so as to produce electrical power.

[0050] As an alternative, a plurality of motion translating
assemblies 12 may be coupled to a shaft to drive the generator,
which may be located adjacent to the motion translating
assembly 12 that is closest to the shore, as illustrated in FIG.
30. In such an arrangement, it would be preferable that the
shaft 16 only rotate in one direction. As multiple motion
translating assemblies 12 assist in rotating the shaft 16, lim-
iting the shaft 16 to only one direction of rotation may allow
the assembles 12 to cooperate in driving the generator 14. The
coupling of numerous motion translating assemblies 12 to
one generator may provide for a continuous rotation of the
shaft 16 and an efficient method of driving the generator 14.
[0051] The generated electrical power may be delivered to
shore, either for immediate use or to feed into a power distri-
bution grid. As an alternative, the system 10 may be arranged
so as to generate electrical power and to utilize and store that
electrical power locally on the system 10 to drive devices on
the system 10 or near the system 10.

[0052] With further reference to FIG. 1, a motion translat-
ing assembly 12 may include a main buoy or float 20, a
retracting buoy or float 18, and a main cable 36. The main
cable 36 may be coupled on one end to the main buoy 20,
coupled on the other end to the retracting buoy 18, and
wrapped around the drum 52. As an alternative, each drum 50,
52 may have its own dedicated cable 36, 38. In addition, each
dedicated cable 36, 38 may be coupled to its own dedicated
buoy 18, 20. For example, the main cable 36 may be coupled
to the main buoy 20 and the drum 50, and the other cable 38
may be coupled to the retracting buoy 18 and drum 52, so that
when one drum 50 turns in a first direction, such as clockwise,
for example, the other drum 52 may turn in the same or an
opposite direction, such as counterclockwise, for example.
[0053] While the motion translating assembly 12 and the
ability to rotate is discussed in terms of utilizing drums 50, 52,
it is to be understood that any appropriate type of rotating
mechanism or apparatus may be utilized, such as pulleys (not
shown), for example. If pulleys are utilized, they may be
located within a pulley housing (not shown). As an alternative
embodiment, the main cable 36 may be coupled on one end to
the main buoy 20, coupled on the other end to the retracting
buoy 18, and wrapped around an oscillating pulley (not
shown) that may be located within a pulley housing.

[0054] The buoys 18 and 20 may be arranged such that, as
a wave engages the main buoy 20, the main buoy 20 may be
displaced vertically upward (i.e., rises relative to the ocean
floor) and the cable 36 rotates the drum 50 in a clockwise
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rotation. As the wave passes the main buoy 20, the main buoy
20 may be displaced vertically downward (i.e., falls relative to
the ocean floor), the retracting buoy 18 rises to remove any
slack from the cable 38, and the drum 52 rotates counter-
clockwise. Thus, as waves pass the main buoy 20, vertical
displacement of the main buoy 20 due to passing waves is
transformed into linear motion of the main cable 36 and
rotational motion of the drums 50, 52.

[0055] Although the cables 36, 38, buoys 20, 18 and drums
50, 52 have been described as being coupled in various ways,
it will be readily understood by those skilled in the art that any
number of additional arrangements may be utilized to convert
vertical motion of the main buoy 20 to rotational motion, and
should not be limited to those arrangements described herein.
[0056] The drums 50, 52 may be coupled to the shaft 16
such that rotational motion of the drums 50, 52 translates to
rotational motion of the shaft 16. The shaft 16 may be coupled
to the generator 14 such that rotational motion of the shaft 16
translates to rotational motion of the generator 14. The gen-
erator 14 may utilize such rotational motion to generate
energy, such as electrical power. As the generator 14 gener-
ates electrical power, the power may be delivered to the shore
through a power cable 110 attached to the generator 14.
[0057] The drums 50, 52 may drive the shaft 16 that drives
the generator 14 to create electrical power. The inner drum 50
may operate the main buoy 20. The outer drum 52 may
operate the counter buoy 18. The drums 50, 52 may be of any
appropriate shape or size, such as of a substantially conical
shape, cylindrical shape, or the like. If of a conical shape, the
drums 50, 52 may be wrapped with the cable or wire 36, 38 all
the way up and around the incline of the cone shape. The
conical shape may allow the drums 50, 52 torotate viaa linear
graduation, thereby providing a linear power graduation.
Thus, the drums 50, 52 may spin at low rpms and, for
example, may be prevented from rotating more than sixty (60)
turns. Linear graduation may be achieved by providing the
same distance between each step or location where the wire
36 or 38 is placed or wrapped on the drum 50 or 52. However,
as an alternative, the system 10 may utilize a non-linear
graduation.

[0058] The system 10 also may utilize a standard hydraulic
clutch 106. For example, when the drums 50, 52 spin at or
near 60 RPMs, the clutch 106 may be activated to slow move-
ment of the drums 50, 52. As is well known in the art, the
clutch 106 may operate due to frictional engagement of a
clutch plate and a flywheel. The flywheel may be a large steel
or aluminum “disc,” that may be bolted to the driveshaft 16.
The flywheel may act as a balancer for the generator 14,
dampen vibrations, and provide a smooth-machined “fric-
tion” surface that the clutch 106 can contact. The main func-
tion of the flywheel is to transfer engine torque from the
engine to the transmission.

[0059] The clutch disc may be similar to a steel plate and
covered with a frictional material that is located between the
flywheel and the pressure plate. In the center of the disc is the
hub, which is designed to fit over the shaft 16. When the
clutch 106 is engaged, the disc may be “squeezed” between
the flywheel and pressure plate, and power from the drum 52
may be transmitted by the disc’s hub to the input shaft of the
transmission.

[0060] The pressure plate may be a spring-loaded “clamp,”
which may be bolted to the flywheel. It may include a sheet
metal cover, release springs, a metal pressure ring that pro-
vides a friction surface for the clutch disc, a thrust ring or
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fingers for the release bearing, and release levers. The release
levers lighten the holding force of the springs when the clutch
is disengaged. The springs may be of a diaphragm-type, mul-
tiple coil type, or other type as will be appreciated by one of
ordinary skill in the art. Some high-performance pressure
plates are “semi-centrifugal,” meaning they may use small
weights on the tips of the diaphragm springs to increase the
clamping force as engine revolutions increase.

[0061] The “throw-outbearing” is the heart of clutch opera-
tion. When the clutch pedal is depressed, the throw-out bear-
ing moves toward the flywheel, pushing in the pressure plate’s
release fingers and moving the pressure plate fingers or levers
against pressure plate spring force. This action moves the
pressure plate away from the clutch disc, thus interrupting
power flow.

[0062] Mounted on an iron casting called a hub, the throw-
out bearing slides on a hollow shaft at the front of the trans-
mission housing. The clutch fork and connecting linkage
convert the movement of the clutch pedal to the back and forth
movement of the clutch throw-out bearing.

[0063] To disengage the clutch 106, the release bearing is
moved toward the flywheel by the clutch fork. As the bearing
contacts the pressure plate’s release fingers, it begins to rotate
with the pressure plate assembly. The release bearing contin-
ues to move forward and pressure on the release levers or
fingers causes the force of the pressure plate’s spring to move
away from the clutch disc.

[0064] To engage the clutch 106, the clutch pedal is
released and the release bearing moves away from the pres-
sure plate. This action allows the pressure plate’s springs to
force against the clutch disc, engaging the clutch to the fly-
wheel. Once the clutch 106 is fully engaged, the release
bearing may be stationary and may prevent rotation with
respect to the pressure plate.

[0065] A mechanical or hydraulic linkage may operate the
clutch 106. A hydraulic clutch linkage may be similar to a
mini hydraulic brake system. With a hydraulic mechanism,
the clutch pedal arm operates a piston in the clutch master
cylinder. This forces hydraulic fluid through a pipe to the
clutch slave cylinder where another piston may operate the
clutch disengagement mechanism. A master cylinder may be
attached to the clutch pedal by an actuator rod, and the slave
cylinder is connected to the master cylinder by high-pressure
tubing. The slave cylinder is normally attached to a bracket
next to the bell housing, so that it may move the clutch release
fork directly.

[0066] Similar to depressing the brake pedal on your car,
depressing the clutch pedal may push a plunger into the bore
of the master cylinder. A valve at the end of the master
cylinder bore closes the port to the fluid reservoir, and the
movement of the plunger forces fluid from the master cylin-
der through the tubing to the slave cylinder. Since the fluid is
under pressure, it is capable of causing the piston of the slave
cylinder to move its pushrod against the release fork and
bearing, thus disengaging the clutch.

[0067] When the clutch pedal is released, the springs of the
pressure plate push the slave cylinder’s pushrod back, which
forces the hydraulic fluid back into the master cylinder. One
ofthe advantages of'a hydraulic linkage is the physics: asmall
amount of pedal force can be used to manipulate what would
normally be a heavy clutch with a shaft and lever linkage.
[0068] As an alternative, instead of utilizing a hydraulic
clutch 106, the system 10 may utilize a sprag clutch (not
shown) and flywheel. A sprag clutch is a one-way freewheel
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metal roller clutch. It resembles a roller bearing with rollers
shaped like a figure eight and cocked with a spring. When the
unit rotates in one direction, the rollers stand up and bind
because of friction, and when the unit is rotated in the oppo-
site direction, the rollers slip or freewheel. The process of
changing up gears involves preparing for the change by
releasing a clutch that prevents the transmission from turning
faster than the gear that it is currently in and engaging the
sprag such that it is freewheeling. The gearchange occurs by
engaging the higher gear through the sprag to change from
freewheeling to driving.

[0069] Once the sprag has engaged drive in the higher gear,
a clutch is engaged to place the transmission in that gear
without the need for the sprag, which is then disengaged. By
engaging and disengaging the various clutch packs within the
transmission, one sprag can be used for all gearchanges.
Depending on the relative rotating direction between inner
and outer ring the clutch either transmits a friction-driven
moment or detaches drive end and output end. It is to be
understood that all roller bearings may be made out of any
appropriate type of material, such as a synthetic composite.
[0070] AsshowninFIGS.4,5,9and 10, the system 10 may
also include a guide plate 54. There may be any appropriate
number of guide plates 54, but preferably there is the number
of guide plates 54 as drums. In addition, the guide plates 54
may be of any appropriate shape and size, but are preferably
of a rectangular shape and of a size equivalent to that of the
angled portion of the conical drums 50, 52. As illustrated in
FIG. 10, the guide plates 54 may include an end portion 53
and a guide rail 55. Preferably, there are two end portions 53
and two guide rails 55, but it is to be understood that there may
be any appropriate number of end portions 53 and guide rails
55. The end portions 53 may be located at either end of the
individual guide rails 55 to maintain the guide rails 55 in the
appropriate spaced relation to one another.

[0071] Therectangular guide plates 54 may guide the wires
36,38 onto the conical drums 50, 52. The guide plates 54 may
be bolted to the drum housing 56, where there may be one
guide plate 54 for each drum 50, 52. The guide plates 54 guide
the wires 36, 38 onto the appropriate step or location of the
respective drum 50, 52. The guide plates 54 may be attached
to the drum housing 56 at any appropriate location or angle,
but are preferably located parallel to the platform 40 and
above the drums 50, 52 near the top of the housing 56. The
guide plates 54 are also preferably located at an angle that is
similar to the outer conical shape of the drums 50, 52, as
shown in FIG. 9.

[0072] With reference to FIGS. 4, 7, and 13, the wave
energy recovery system 10 may also include an oil pump 112.
The oil pump 112 may be operated from and run off of the
driveshaft 16. The oil pump 112 may include a piston 114, a
piston ball 116, and a plurality of petals 118, as can be best
seen in FIG. 13. As the shaft 16 spins, the petals 118 spin
around, ina manner similar to a fan, for example, and push the
piston ball 116 up and down, thereby moving the piston 114
up and down. Thus, the oil may be pressurized and sent
through the system 10 due to this action of the piston 114.
[0073] AsshowninFIG. 4, the generator 14 may be located
on top of the platform 40. Preferably the generator 14 is
located towards one end of the platform 40 and the drums 50,
52 are located toward the other end of the platform 40. Posi-
tioning the generator 14 on the seabed surrounds the genera-
tor 14 with water, which cools the generator 14 as it generates
electric power. As generators 14 typically give off heat, pro-
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viding a readily available method of cooling the generator 14
may increase the efficiency of the generator 14.

[0074] In addition, the wave energy recovery system 10
may also include a radiator or coolant system 108, as shown
in FIGS. 11 and 12. The radiator 108 may be of any appro-
priate type. As the drums 50, 52 spin faster, the oil in the
generator 14 can become very hot. As the oil is passed through
the generator 14, the radiator 108 cools the oil, and then the oil
may proceed back through the system 10 to the oil pump 16 to
start its journey over.

[0075] As discussed above, each motion translating assem-
bly 12 may be secured to a support platform 40 to maintain a
static position with respect to the seabed. With reference to
FIGS. 4 and 12, in an exemplary embodiment, the platform or
base 40 may be constructed of concrete with a plurality of
steel reinforcement bars or rebar 42 located throughout the
platform 40 to aid in reinforcing the concrete platform 40.
Preferably, the platforms 40 may be moveable from one loca-
tion to another when it is desired to move the platform 40, but
stable and stationary enough the remainder of the time so that
they do not shift once placed on the ocean or seabed floor.
[0076] Thus, the platform 40 preferably has enough mass to
maintain its position on the seabed and resist movement due
to tides, thrust from the main buoy 20, storms, or other
inclement weather. The platform may be of any appropriate
shape and size, however, the support platform 401s preferably
a rectangular slab of concrete measuring ten feet in width,
eight feet in depth, and four feet in height. Such a concrete
slab may weigh approximately twenty-five tons and can with-
stand substantial forces without moving.

[0077] The platform 40 may also include diamond shaped
pockets 44 on the underside of the platform 40 as well as
airways 46, 48 throughout the platform 40. The diamond
shaped pockets 44, which are approximately the shape of
pyramids, may also be made out of cement. When the dia-
monds 44 are in contact with the sand, mud, etc. of the ocean
or sea floor, the diamonds 44 may create suction cups that
may prevent the base 40 from being able to pull away from the
floor. The move the base 40, there may be vertical airways 48
within the base 40. When it is desired to move the platform 40,
pressurized air is pushed through the horizontal side airway
tube 46, the air is then pushed through airways 48 and out
through the intersection of the diamond edges 44 of the base
40 that breaks the suction via the internal airways 46, 48.
[0078] The plurality of motion translating assemblies 12
may be arranged in any appropriate location or manner away
from the shoreline, as illustrated in FIGS. 1-3. In an embodi-
ment, the plurality of motion translating assemblies 12 may
extend diagonally from the shoreline at any appropriate
angle, such as an approximately 45-degree angle. In addition,
the system 10 may include any appropriate number of assem-
blies 12, such as approximately thirty motion-translating
assemblies 12. The assemblies 12 may be spaced at any
appropriate distance from one another, such as being spaced
approximately 30 feet apart. Such an arrangement generally
results ineach incoming wave raising and lowering each main
buoy 20 at a different point in time.

[0079] As a wave progresses towards the shoreline, it may
first encounter the motion translating assembly 12 located
farthest off shore and raises and then lowers the translating
assembly’s 12 main buoy 20. Over time, the wave progresses
through the plurality of assemblies 12 until it reaches the
assembly 12 closest to the shore. Such an arrangement may be
beneficial in that any single wave will not raise and lower the
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plurality of main buoys 20 at the same point in time, but will
raise the plurality of main buoys 20 over a period of time. The
raising of main buoys 20 over time as the wave progresses
towards the shoreline causes different motion translating
assemblies 12 to rotate the shaft 16 at different times, result-
ing in constant rotation of the shaft 16 at a generally constant
speed and thus providing a constant supply of energy to the
power grid.

[0080] An embodiment of a main buoy 20 for use with a
wave energy recovery system 10 is illustrated in FIGS. 14-20.
The buoy 20 may include numerous features and sub-systems
that improve the durability or service life of the system 10. In
addition, the buoy 20 may include numerous features and
subsystems for enhancing the overall efficiency and function-
ality of the system 10.

[0081] For example, the buoy 20 may include numerous
features that provide for the dynamic positioning of the buoy
20 relative to the surface of the water. Minor adjustments in
the position of the buoy 20 may increase the efficiency of the
system 10 as the height and frequency of waves change. When
violent storms or other such hazards are present, the buoy 20
may be selectively submerged below the surface of the water
s0 as to reduce or eliminate damage to the buoy 20 or other
system components. Once the storm passes or other such
hazards subside, the buoy 20 may be returned to an operative
position at or near the surface of the water.

[0082] The buoy 20 may be of any appropriate shape and
size and may be made out of any appropriate material. The
buoy 20 may be constructed from a metal frame and an
aluminum skin. however, the buoys 20 may be constructed
out of any appropriate material that allows the buoy 20 to float
and rise and fall as waves pass. The main buoy 20 may be of
any appropriate size, such as the approximate size of an
automobile, for example. The buoy 20 may be unable to fall or
tip over in the water due to its shape and size. The shape of the
main buoy 20 may be of any appropriate shape or configura-
tion capable of floating, such as a generally rectangular body,
cylindrical body, or the like. While shown as of generally
rectangular shape in the FIGURES,; it is to be understood that
this is not meant to be limiting in any way, and is for illustra-
tive purposes only.

[0083] As illustrated in FIGS. 1, 15, and 17, the buoy 20
may be equipped with a plurality of connector cables 62 that
are coupled at one end to the buoy 20 and are coupled at the
other end to the main cable 36. The connector cables 62 may
be coupled to the buoy 20 by any appropriate means. For
example, the connector cables 62 may be coupled via con-
nector rings (not shown), pistons (not shown), pivot connec-
tion, or the like. If the connector cables 62 are coupled to the
buoy 20 by pistons, the pistons may be of any appropriate
type, such as pneumatic pistons.

[0084] The pistons may be pressurized or depressurized to
better position the buoy 20 with respect to the surface of the
water. In one embodiment, a piston may be pressurized so as
to affect the angel at which the buoy 20 is positioned with
respect to the surface of the water. Placing the buoy 20 at an
angle may provide for greater wave impact on the buoy 20 so
as to increase the vertical displacement of the buoy 20, thus
increasing the energy recovered by the buoy 20.

[0085] For example, the connector cables 62 may be
coupled to the buoy 20 by a pivot connection 60 through
which the buoy 20 is connected to the main cable 36. Three
connector cables 62 may be attached to the pivot connection
60 on one end and attached to a pivot connection 60 on the
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other end. There may be a common ring 64 located at the
bottom of a rigid member 66. The main cable 36 may be
attached to the common ring 64 on one end and wrapped
around the drums 50, 52 as previously described. In a pre-
ferred embodiment, the main cable 36 and the connector
cables 62 are approximately % inch in diameter, with the
connector cables 62 approximately 10 to 15 feet in length and
the main cable 36 approximately 100 to 200 feet in length.
[0086] Referring againto FIGS. 1,15, and 17, a rigid mem-
ber 66, such as a pipe, may extend downward from the bottom
76 of the buoy 20, and at least one keel member 68 is attached
to the pipe 66. Optionally, multiple keel members 68 may be
attached to the pipe 66, but preferably, there are three keel
members 68 attached to the pipe 66, each 120 degrees apart.
The pipe 66 is preferably ten feet in length, and the keel
members 68 are triangular shaped and three feet high and
three feet wide. As a wave passes the buoy 20 the turbulence
in the water is near the surface. The keel members 68 may be
located at any appropriate position.

[0087] Positioning the keel members 68 approximately
below the surface of the water, such as ten feet below the
surface, for example, places avoids the turbulence of the
wave. Such an arrangement provides stability to the buoy 20
and eliminates or reduces lateral movement, wobbling or
rocking of the buoy 20. The elimination of such movement
increases the vertical displacement of the buoy 20 and allows
recovery of an increased percentage of a wave’s energy.
[0088] A particular shape of the main buoy 20, such as a
rectangular or cylindrical shape, for example, may produce
greater thrust in the motion translating assemblies 12 and
produce greater rotational motion of the shaft 16. A rectan-
gular component placed in rough waters has a tendency to
turn such that its longer vertical surface faces the incoming
waves. By offering a greater surface area to incoming waves,
the buoy 20 may catch more of the wave, thereby providing
more thrust to the main cable 36 as the buoy 20 is moved
upward by a passing wave. The rectangular buoy 20 may be of
any appropriate size, such as thirty feet wide, ten feet deep,
and five feet high, for example.

[0089] The retracting buoy 18, as best shown in FIGS. 1,
20A, and 20B, may be of any appropriate size and shape and
may be made out of any appropriate material, such as being
constructed from aluminum and being cylindrically shaped.
The retracting buoy 18 may also include a guide sleeve 58.
Similar to the main buoy 20, the retracting buoy 18 may also
be equipped with a pair of valves 90, 92, such as an air inlet
valve to intake air and expel water ballast, and a water inlet
valve to intake water to increase water ballast. The retracting
buoy 18 may also include a manhole or hatch 120 to give
access to the inside of the retracting buoy 18 in case any
repairs may need to be made. The bottom of the retracting
buoy 18 may be attached to a cable 38 by any appropriate
means, such as a ring or fastener.

[0090] The guide sleeve 58 may be attached to the side of
the retracting buoy 18. The guide sleeve 58 may be arranged
to slide along the cable 36 to maintain a controlled recipro-
cating motion as a wave progresses past the main buoy 20. In
an embodiment, the retracting buoy 18 may be approximately
16 inches in diameter and 24 inches in height.

[0091] Withrespect to the cost of building traditional power
plants, a wave energy recovery system 10 is very inexpensive
to build and install. To install a system 10, components of the
system 10 may be loaded onto pontoons or other such floating
platforms. The pontoons may be evenly spaced along the
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surface of the water. The spacing of the pontoons may be
approximately equal to the desired operative distance
between installed support platforms 40 along the seabed.
These assembled support platforms 40 may be lowered into
position on the seabed from the pontoons, using any conven-
tional means, such as chains or cables.

[0092] Once the drums 50, 52 are coupled to the shaft 16,
the cables 36 and 38 may be wrapped around each drum 50
and 52 respectively, and a retracting buoy 18 may be attached
to one end of the cable and the guide sleeve 58 installed along
the cable. The free end of the main cable 36 may be attached
to the common ring 64 and the length of the main cable 36
properly adjusted.

[0093] Each motion translating assembly 12 may be
arranged to drive a shaft 16 attached to a generator 14 dedi-
cated to that assembly 12. The motion translating assemblies
12 are arranged to drive dedicated generators 14 coupled to
each support platform 40. However, a permanent magnet
generator 14 is attached to each support platform 40. The
vertical motion of the main buoy 20 is translated to rotational
motion to rotate a driveshaft 16. The driveshaft 16 is coupled
to and drives the generator 14, which produces electric power.
The generated electric power can be delivered to shore, either
for immediate use or to feed into a power distribution grid.
Optionally. the electric power can be stored on the support
platform 40 to be subsequently delivered to shore.

[0094] In an alternative embodiment, the electric power
may be stored on the support platform 40 by coupling the
generator 14 to a supercapacitor (not shown). Supercapaci-
tors offer relatively high cycle lives, having the capacity to
cycle millions of times before failing; low impedance; rapid
charging; and no loss of capability with overcharging. A
power cable 110 may be attached to each supercapacitor to
deliver stored electric power to shore. As a wave passes the
motion translating assemblies 12, some assemblies produce
electric power, while others are momentarily idle. A program-
mable logic control device may optionally be incorporated
into the system to control the generators 14 and other system
components to delivery a consistent electrical current to the
shore.

[0095] The driveshafts 16 may be arranged to only rotate in
one direction or may optionally be arranged to rotate in both
clockwise and counterclockwise directions. An AC perma-
nent magnet generator may be arranged to generate electric
power regardless of the direction the driveshaft 16 rotates.
Generators 14 may also be arranged to eliminate any need for
a gearbox when generating electric power. The system 10
may be arranged such that each dedicated generator 14 has a
dedicated power cable 110 to deliver electric power to shore.
The electric power generated by the plurality of generators 14
may be accumulated on shore and delivered to a power dis-
tribution grid.

[0096] The use of dedicated generators 14 secured to each
support platform 40 allows for easy installation of the wave
energy recovery system. The wave energy recovery system 10
may be secured to the ocean floor by a support platform 40. As
discussed above, the support platform 40 may be a concrete
slab with enough mass to maintain its position on the ocean
floor and resist movement due to tides, thrust from the main
buoy 20, storms, or other inclement weather.

[0097] As illustrated in FIG. 2, support platforms 40 may
be placed randomly, without concern for the positioning of
adjacent platforms 40. Each motion translating assembly 12
and dedicated generator 14 is self-sufficient and does not rely
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on adjacent assemblies 12. Flexible power cables 110 allow a
generator 14 or supercapacitor to deliver electric power to
shore from nearly any location on the seabed, either in series
or in parallel.

[0098] As illustrated in FIGS. 14-20, the buoy 20 includes
a generally hollow hull or body 22. The body 22 optionally
may be internally supported by beams (not shown) or others
such structural members. The body 22 may be arranged to
include a number of generally flat surfaces such as, for
example, a pair of top surfaces 24, a pair of side surfaces 26,
a pair of front surfaces 28, a pair of back surfaces 30, and a
pair of bottom surfaces 32.

[0099] The pair of top surfaces 24 may be arranged at an
angle to one another so that a peak is formed between the pair
of top surfaces 24. Such a peak will encourage rain or other
such precipitation to run off the top surfaces 24, thus discour-
aging the pooling of water on the top surfaces 24. The side 26,
front 28, and back 30 surfaces of the buoy 20 each may be
arranged at an angle with respect to a vertical plane.

[0100] Such an arrangement may limit lateral movement of
the buoy 20 and enhance vertical movement of the buoy 20 as
waves impact the front, back, and sides of the buoy 20. For
example, as a wave impacts the front, back, or sides of the
buoy 20, the angled surface of the buoy 20 causes a portion of
the energy of the wave to encourage the buoy 20 to be dis-
placed vertically.

[0101] Inanother example, as a wave washes over the buoy
20, the portion of the wave washing over the buoy 20 may
commonly impact the opposing side ofthe buoy 20. When the
side s positioned at an angle to a vertical plane, the portion of
the wave washing over the buoy 20 may encourage the buoy
20 downward. In addition, the wave washing over the buoy 20
encourages the buoy 20 to move laterally back toward the
direction from which the waves originated, thus offsetting the
lateral movement of the buoy 20 due to the initial impact of
the wave. Upon studying the description and FIGURES pro-
vided herein, it will be readily understood by those skilled in
the art that arranging the side, front, and back surfaces at an
angle relative to a vertical plane may facilitate the vertical
movement of the buoy 20 and decreases the lateral movement
of the buoy 20.

[0102] The pair of bottom surfaces 32 may be arranged at
an angle to one another so as to form a generally concave
bottom. Such an arrangement may promote the stability of the
buoy 20 by reducing or eliminating wobbling or other such
oscillation of the buoy 20 as waves impact the buoy 20. The
buoy 20 may also include a skirt 34 extending from the
bottom surfaces 32 of the buoy 20. The skirt 34 may be of any
appropriate shape, size and material. The positioning and
shape of the skirt 34 may further reduce or eliminate any
undesired lateral movement, wobbling, and rocking of the
buoy 20. The shape of the skirt 34, in cooperation with the
downward forces produced by the main cable 36, may hold
the buoy 20 level on the surface of the water as a wave passes.
As the wave displaces the buoy 20 upward, the buoy 20
remains level, thus reducing or eliminating any undesired
lateral movement, wobbling, or rocking Maximizing the ver-
tical movement of the buoy 20 also maximizes the energy
recovered from a wave.

[0103] The main buoy 20 may further be equipped with
valves, such as an air inlet valve 90 and a water inlet valve 92.
The buoy 20 may also include valves 90, 92 located in the top
and bottom sides 24, 32 of the buoy 20. There may be any
appropriate number of valves 90, 92, but there are preferably
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$ix (6) valves 90 located on the top 24 of the buoy 20 and six
(6) valves 92 located on the bottom 32 of the buoy 20. The top
valves 90 allow air in to raise the buoy 20 and the bottom
valves 92 allow water in to sink the buoy 20, thereby steady-
ing the buoy 20 with ballast. The buoy 20 is intended to float
near the top of the water in order to receive the effect of the
waves. The water within the buoy 20 may be kept at any
appropriate level, but is preferably maintained at about 4"
around the bottom of the buoy 20. The air and water levels
from the valves within the buoy 20 may be electronically
regulated.

[0104] The valves 90,92 may be operated by any appropri-
ate means, but are preferably remotely operated. The valves
90 and 92 may be remotely controlled to take in water through
the water inlet valve 92 for additional ballast to stabilize the
floating position of the buoy 20, or to take in pressurized air
through the air inlet valve 90 to expel water and reduce water
ballast in the buoy 20. The valves 90, 92 may be arranged such
that the buoy 20 may take on enough water ballast to com-
pletely submerge the buoy 20.

[0105] The buoy 20 may also include a series of valves 90,
92 provided to allow fluids to enter and exit the hull 22 of the
buoy 20. In one embodiment, six valves 90 are located along
the top surfaces 24 of the buoy 20, and six valves 92 are
located along the bottom surfaces 32 of the buoy 20. Such an
arrangement may provide for the intake and expulsion of
fluids from the hull 22 of the buoy 20.

[0106] In one example, the topside valves 90 may be
arranged so as to allow atmospheric air into the hull 22 of the
buoy 20 and may be arranged so as to allow the expulsion of
atmospheric air from the hull 22 of the buoy 20. In another
example, the bottom-side valves 92 may be arranged so as to
allow water from the surrounding body of water into the hull
22 of the buoy 20 and may be arranged to allow for the
expulsion of water from the hull 22 into the surrounding body
of water.

[0107] Through such arrangements, the amount of water in
the hull 22 may be controlled and, thus, the amount of ballast
in the hull 22 may be controlled. The amount of ballast in the
hull 22 may be used to control the location of the buoy 20 with
respect to the surface of the water. Controlling the location of
the buoy 20 with respect to the surface of the water may allow
the buoy 20 to be submerged to protect the buoy 20 from
inclement weather. Such control also may allow for precisely
locating the buoy 20 with respect to the surface of the water to
increase the efficiency of energy recovery from passing
waves.

[0108] Valves 90,92 such as those described herein may be
arranged to open or close through the application of mechani-
cal forces on the valves 90, 92. In one example, the valves 90,
92 may be coupled to a spring 150 or other such biasing
member to encourage the valves toward either an open or a
closed position. In another example, the valves 90, 92 may be
coupled to a pneumatic member, such as a pneumatic cylin-
der, to selectively encourage a valve into either an open or
closed position. It will be readily understood from this
description and accompanying illustrations that a valve may
be coupled to both a biasing member and a pneumatic mem-
ber to selectively open and close valves. In addition, it will be
understood that other forces, such as gravity, surrounding
environmental pressures, hydraulic pressure, and the like,
may be utilized to encourage a valve into a desired position.
[0109] With regard to the surrounding environment being
utilized to assist in the opening or closing of the valves 90, 92,
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in one example the buoy 20 may be designed such that fluid
pressure from the surrounding body of water may be utilized
to encourage a valve into an open or a closed position. Simi-
larly, a buoy 20 may be designed such that pressure from the
surrounding atmosphere may be utilized to encourage a valve
into an open or a closed position. Such environmental forces
may be accounted for in the design of valves, springs, pneu-
matic members, and the like so as to ensure the formation of
effective valves.

[0110] Inone embodiment, a pneumatic system 70 may be
incorporated into a buoy 20 to selectively open and close the
valves 90, 92. The valves 90, 92 may be coupled on the outer
edge of the body or hull 22 of the buoy 20. The pneumatic
system may include air inlet and outlet valves 90, 92, a
plunger valve 148 and a return tank 144. The plunger valve
148 may include a plunger 146, a spring 150, an air hole 152a,
a piston 154, and an inlet/outlet 156. The return tank 144
may include an air hole 1525 and a piston 1545. The air hole
1525 of the return tank 144 may be in communication with the
valve 90, 92.

[0111] For example, as shown in FIGS. 23 and 24, as the
valve 92 pushes the spring 150 down to open the plunger 146,
air is pushed down and sent to the return tank 144. The air sent
to the return tank 144 pushes down the piston 1545 thereby
creating a pressurization of the tank, which may aid in closing
the plunger 146 as the displaced air in the return tank 144
forces the piston 1545 back to its original position, as shown
in FIG. 24.

[0112] The plunger valve 148 may be coupled to a source of
pressurized gas that may selectively pressurize the plunger
valve 148. The selection to pressurize the valves 90, 92 may
be driven by computer logic and controls located in any
appropriate place, such as either on the buoy 20, near the buoy
20, or remotely from the buoy 20, for example. The spring 150
may be located within the approximate center of the plunger
valve 148. The spring 150 may be of any appropriate type, but
is preferably an approximate seventy-pound (70 Ib.) spring.
The plunger 146 may face any appropriate direction, but
preferably faces an outward direction.

[0113] In one embodiment, the pneumatic system may be
arranged such that, when the plunger valve 148 is pressurized,
a bottom-side valve 92 is encouraged into the open position,
as shown in FIG. 23. Such an arrangement may facilitate the
filling of the hull 22 with water from the surrounding body of
water. Once the plunger 146 is in the closed position, water
may be prevented from entering the buoy 20.

[0114] As an alternative, as illustrated in FIG. 33, pneu-
matic systems 70 may be incorporated into a buoy 20 to
selectively open and close the valves 90, 92. A pneumatic
system 70 may include a spring 72 and a pneumatic cylinder
74, wherein each pneumatic cylinder 74 may be coupled on
one end to the door of a valve 90, 92 and may be coupled on
the other end to the body or hull 22 of the buoy 20. The
preumatic cylinder 74 may be coupled to a source of pres-
surized gas that may selectively pressurize the cylinder 74.
The selection to pressurize the cylinder 74 may be driven by
computer logic and controls located either on the buoy 20,
near the buoy 20, or remotely from the buoy 20.

[0115] The pneumatic cylinder 74 may be arranged such
that, when the cylinder 74 is pressurized, a bottom-side valve
92 is encouraged into the open position. The spring 72 may be
arranged such that the spring 72 encourages the bottom-side
valve 92 into the closed position to assist in closing the valve
92 when the cylinder is selectively depressurized or in the
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event that the pneumatic cylinder 74 or the logic driving the
cylinder 74 fails. Such an arrangement may facilitate the
filling of the hull 22 with water from the surrounding body of
water.

[0116] When a system operator or computer logic deter-
mines that it is desirable to submerge the buoy 20 due to
inclement weather or other such hazard, one method of sub-
merging the buoy 20 is to fill the hull 22 with enough water to
overcome the buoyancy of the buoy 20, thereby submerging
the buoy 20. As the bottom-side valves 92 are commonly in
contact with the body of water, the environmental pressures
tend to hold the valves 92 in the closed position. Such envi-
ronmental pressures, along with the arrangement of the spring
72, serve to seal the bottom-side valves 92 such that the valves
92 normally resist water entering the hull 22. However, when
it is desirable to open the valves 92 and allow water to enter
the hull 22, the pneumatic cylinder 74 is pressurized to over-
come the environmental pressures and the spring force to
open the valves 92. When sufficient water has entered the hull
56 to submerge the buoy 20 to its desired depth, the pneumatic
cylinders 74 may be depressurized, and the spring 72 may
return the valve 92 to its closed position. The buoy 20 may
include a depth meter (not shown) to assist in determining
when the buoy 20 reaches the desired depth.

[0117] With further reference to FIG. 33, the pneumatic
cylinder 74 may be arranged such that, when the cylinder 74
is pressurized, a topside valve 90 is encouraged into the
closed position. The spring 72 may be arranged such that the
spring 72 also encourages the topside valve 90 into the closed
position so that the valve remains closed when the cylinder 74
is selectively depressurized. Maintaining the valve 90 in the
closed position may seal the hull 22 so that rain or other
moisture is not permitted to enter the hull 22.

[0118] The closing of the topside valves 90 by pressurizing
the cylinder 74 may assist in facilitating the expulsion of
water from the hull 22 through the bottom-side valves 64.
When a system operator or computer logic determines it is
desirable to return the buoy 20 from a submerged position to
an operative position at the surface of the water, the buoy 20
may be raised by expelling water from the hull 22 back into
the surrounding body of water so as to increase the buoyancy
of the buoy 20.

[0119] One method of expelling water from the buoy 20 is
to close and seal the topside valves 90, open the bottom-side
valves 92, and pressurize the hull 22 such that the water in the
hull 22 flows out of the bottom-side valves 92 and back into
the surrounding body of water. The cylinders 74 may be
pressurized so as to apply a substantial force on the doors of
the topside valves 90, thereby sealing the valves 90, ie.,
holding the valves 90 closed against the internal pressure
building in the hull 22 that is used to expel the water.

[0120] Once the water is expelled from the hull 22, the
cylinders 74 coupled to the topside valves 90 may be depres-
surized, and the springs 72 coupled to the topside valves 90
may apply a sufficient force to the door of the topside valve 90
to maintain the valve 90 in a closed position so as to keep
unwanted moisture out of the hull 22. In another embodiment,
the springs 72 coupled to the topside valves 90 apply a suffi-
cient force to maintain the valve 90 in a closed position, but
also allow the valve 90 to serve as a release valve that vents
pressure that may develop in the hull 22 during the operation
of the wave energy recovery system 10.

[0121] A complete submersion ofthe buoy 20 may be desir-
able to reduce or eliminate damage to the buoys 20 or other
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system components when violent storms or other such haz-
ards are present. Once a storm passes, the buoy 20 may take in
pressurized air through the air inlet 90 to expel water ballast
and return the buoy 20 to its operative position. Furthermore,
the main buoy 20 may be adjustably raised or lowered through
the intake and expulsion of water ballast to dynamically
adjust the buoy 20 position in response to changing wave
conditions to maintain optimal operative positioning for the
buoy 20.

[0122] Ballastis used to provide moment to resist the lateral
forces on the buoy 20. Ifthe buoy 20 is insufficiently ballasted
it will tend to tip, or heel, excessively in high winds. Heeling
may occur when there is too much wind or water pressure to
one side, thereby causing the buoy 20 to lean over to one side.
In addition, too much heel may result in the buoy 20 flipping
over or out of its preferred position in relation to the waves.
Adding water ballast below the vertical center of gravity
increases stability. When the buoy 20 heels, it must then lift
the ballast clear of the water, at which point it is obvious that
it does provide righting moment. One advantage of water
ballast is that it can be dumped out by having a valve at the
bottom of the ballast chamber, reducing the weight of the
buoy 20, and then added back in by opening up the valves and
letting the water flow in after the buoy 20 is back in its ideal
position.

[0123] When a system operator or computer logic deter-
mines that it is desirable to submerge the buoy 20 due to
inclement weather or other such hazard, one method of sub-
merging the buoy 20 is to fill the hull 22 with enough water to
overcome the buoyancy of the buoy 20, thereby submerging
the buoy 20. As the bottom-side valves 92 are commonly in
contact with the body of water, the environmental pressures
may tend to hold the valves 92 in the closed position. Such
environmental pressures, along with the arrangement of the
spring 150, serve to seal the bottom-side valves 92 such that
the valves 92 normally resist water entering the hull 22.

[0124] However, when it is desirable to open the valves 92
and allow water to enter the hull 22, the plunger valve 148 is
pressurized to overcome the environmental pressures and the
spring force to open the valves 92. When sufficient water has
entered the hull 22 to submerge the buoy 20 to its desired
depth, the plunger valves 148 may be depressurized, and the
spring 150 may return the valve 92 to its closed position. The
buoy 20 may also include a depth meter (not shown) to assist
in determining when the buoy 20 reaches the desired depth.

[0125] Inone embodiment, a plunger valve 148 is arranged
such that, when the plunger valve 148 is pressurized, a topside
valve 90 is encouraged into the closed position. The spring
150 may be arranged such that the spring 150 also encourages
the topside valve 90 into the closed position so that the valve
remains closed when the cylinder 74 is selectively depressur-
ized. Maintaining the valve 90 in the closed position may seal
the hull 22 so that rain or other moisture is not permitted to
enter the hull 22.

[0126] The closing of the topside valves 90 by pressurizing
the plunger valves 148 may assist in facilitating the expulsion
of water from the hull 22 through the bottom-side valves 92.
When a system operator or computer logic determines it is
desirable to return the buoy 20 from a submerged position to
an operative position at the surface of the water, the buoy 20
may be raised by expelling water from the hull 22 back into
the surrounding body of water so as to increase the buoyancy
of the buoy 20.



US 2010/0102562 A1l

[0127] One method of expelling water from the buoy 20 is
to close and seal the topside valves 90, open the bottom-side
valves 92, and pressurize the hull 22 such that the water in the
hull 22 flows out of the bottom-side valves 92 and back into
the surrounding body of water. The plunger valves 148 may
be pressurized so as to apply a substantial force on the doors
of the topside valves 90, thereby sealing the valves 90, i.e.,
holding the valves 90 closed against the internal pressure
building in the hull 22 that is used to expel the water.

[0128] Once the water is expelled from the hull 22, the
plunger valves 148 coupled to the topside valves 90 may be
depressurized, and the springs 150 coupled to the topside
valves 90 may apply a sufficient force to the door of the
topside valve 90 to maintain the valve 90 in a closed position
s0 as to keep unwanted moisture out of the hull 22. In another
embodiment, the springs 150 coupled to the topside valves 90
apply a sufficient force to maintain the valve 90 in a closed
position, but also allow the valve 90 to serve as arelease valve
that vents pressure that may develop in the hull 22 during the
operation of the wave energy recovery system 10.

[0129] The methods of affecting buoyancy through intake
and expulsion of water from the hull 22 described above may
be used to either submerge or raise a buoy 20 or precisely
position a buoy 20 at the surface of the water. Precise posi-
tioning of a buoy 20 at the surface of the water may increase
the efficiency of the system with regard to recovery of energy,
safety, etc. Other methods of precise positioning of the buoy
20 may include the use of pressure chambers 76 located on the
buoy 20. In addition, it is also preferable that the inside of the
buoy 20 maintains a certain amount of pressurized air. Any
appropriate amount of pressurized air may be used, such as
maintaining a pressure of three psi within the buoy 20. Main-
taining the buoy 20 full of pressurized air may aid in main-
taining the buoyancy of the buoy 20.

[0130] The buoy 20 may also include at least one cylinder
or tank 76, but preferably six tanks located at any appropriate
location on the buoy 20, but preferably located along an outer
edge of the buoy 20. Five of the tanks 76 may include ballast
air from the paddle mechanism 80. When the paddles 82, 84
move to stabilize the buoy 20, the paddles 82, 84 may push air
into the ballast air tanks 76. The sixth and last tank 76 may be
a control tank that provides air that may be used to open and
control valves 90, 92.

[0131] As illustrated in FIG. 19, a plurality of pressure
chambers or tanks 76 may be distributed along the bottom
side of the buoy 20. In one example, a pressure chamber 76
may be arranged as an elongated tube positioned in the hull 22
and running along the inner surface of the bottom side of the
hull 22. Although pressure chambers 76 are described and
illustrated as running along the bottom side of the hull 22, it
will be readily appreciated by those skilled in the art that
pressure chambers may be distributed anywhere throughout
the buoy 20. For example, pressure chambers may be located
along the internal surfaces of the topside, as illustrated in FIG.
33, along internal surfaces of the sides of the hull, or within
structural members supporting the hull.

[0132] Pressurizing the pressure chambers 76 to different
pressures may control the buoyancy of the buoy 20. Increas-
ing the buoyancy will generally raise the position of the buoy
20 with respect to the surface of the water. Decreasing the
buoyancy will generally lower the position of the buoy 20
with respect to the surface of the water. As will be subse-
quently discussed herein, mechanical systems attached to the
buoy 20 may be utilized to pressurize the pressure chambers
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76. Computer logic or system operators may determine that a
change in the buoy’s 20 position relative to the surface of the
water will increase the efficiency of the system 10. The com-
puter logic or system operator then may increase the pressure
in the chambers 76 or may decrease the pressure in the cham-
bers 76 so as to affect buoyancy and more optimally position
the buoy 20.

[0133] The pressure chambers 76 may be further utilized as
a source of pressurized gas to control other systems or func-
tions of the buoy 20. In one example, the pressure chambers
76 may be used as a source of pressurized gas for pressurizing
the pneumatic system 70 so as to move valves 90, 92 to open
and closed positions, as described herein. In another example,
pressurized gas in the pressure chambers 76 may be used so as
to pressurize the hull 22 such that water is expelled from the
hull 22 when it is desirable to return a submerged buoy 20 to
the surface of the water.

[0134] The buoy 20 may further include at least one paddle
mechanism 80. The paddle mechanism(s) 80 may be located
at any appropriate location on the buoy 20, but preferably
located onits side(s) 26. The paddle mechanisms 80 may help
to stabilize the buoy 20 by keeping the largest face of the buoy
20 on the wave so that the buoy 20 rises and falls horizontally.
[0135] The paddle mechanisms 80 may include an inner
paddle 82, and outer paddle 84, and a main piston 86, and an
adjustment piston 88. The pair of paddle members 82, 84 may
be coupled by a hinge pin 94 such that the paddles 82, 84 may
be adjusted to positions at varying angles relative to one
another. The paddle mechanisms 80 may also pump air within
the buoy 20 so that the buoy is filled with pressurized air to
keep the buoy 20 stationary. Preferably, during operation of
the system 10 the buoy 20 should not move above eighteen
feet due to the waves. The buoy 20 moves approximately
three to four feet up and down with the waves all the time.
[0136] The positioning and shape of the paddle mecha-
nisms 80 also tend to eliminate or reduce lateral movement,
wobbling, and rocking of the buoy 20. The shape of the
paddles 82. 84, in cooperation with the downward forces
produced by the main cable 36 and connector cables 62, holds
the buoy 20 level on the surface of the water as a wave passes.
As the wave displaces the buoy 20 upward, the buoy 20
remains level, thus reducing or eliminating lateral movement,
wobbling, and rocking As described above, maximizing ver-
tical movement also maximizes the energy recovered from a
wave,

[0137] Mechanical systems attached to the buoy 20 may be
utilized to pressurize the pressure chambers 76. One exem-
plary embodiment of such a mechanical system is illustrated
in FIG. 21A. FIG. 21A illustrates a paddle compression
mechanism 80 for pressurizing the pressure chambers 76 of
the buoy 20. Each paddle mechanism 80 may include an inner
paddle flap 82 and an outer paddle flap 84. Each of the paddle
flaps or members 82, 84 may be adjustable in order to achieve
the maximum power from each wave. The paddle compres-
sion mechanism 80 utilizes mechanical movements caused
by the interaction of the paddle mechanism 80 with waves in
order to generate pressure and to deliver that pressure to the
pressure chambers 76.

[0138] As discussed above, the inner paddle 82 may be
connected to the buoy 20 by a hinge pin 94 so that the inner
paddle 82 may be adjusted to positions at varying angles
relative to the side 26 of the buoy 20. The adjustment piston
88 is coupled to both paddles 82, 84 such that the expansion
or contraction of the adjustment piston 88 controls the posi-
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tioning of the paddle members 82, 84 relative to each other.
The length of the adjustment piston 88 may be rigidly set such
that the relative position of the paddles 82, 84 is rigid or
otherwise static.

[0139] Inoneembodiment, the paddles 82,84 may be posi-
tioned such that inner paddle 82 is generally positioned at the
surface of the water and parallel to the surface of the water.
The outer paddle 84 is positioned above the surface of the
water and atan acute angle to the surface of the water. Such an
arrangement may maximize the impact force of a passing
wave on the paddle mechanism 80.

[0140] The paddle 82 at a location parallel to the surface of
the water may be positioned so as to recover the energy of the
vertical or upward movement of a passing wave. The paddle
84 located at an acute angle to the surface of the water may be
positioned so as to recover the energy of the lateral movement
of the passing wave. The paddle mechanism 80 may also
include rubber stops 78 to prevent the outer paddle 84 from
slamming against the inner paddle 82 in cases of rough water
or when the operator desires to fully fold the outer paddle 84
up to the inner paddle 82, for example.

[0141] The main piston 86 may be coupled on a first end to
a paddle member 82 and is coupled on a second end to the
body of the buoy 20. As will be readily appreciated, upward
movement of the paddle members 82, 84 may cause the piston
shaft 96 to move and to pressurize the piston cylinder 98. As
an alternative, and as illustrated in FIG. 21B, a fluid line 93
may be coupled the piston cylinder 98 to an intake manifold
95, and the intake manifold 95 may be coupled to a pressure
chamber 76 that is positioned within the buoy 20.

[0142] The fluid line 93 may couple the piston cylinder 98
in fluid communication with the pressure chamber 76 such
that the pressure generated in the piston cylinder 98 by the
movement of the paddles 82, 84 is relayed or otherwise com-
municated to the pressure chamber 76. It will be readily
appreciated that, as waves impact the paddles 82, 84 and
repeatedly move the paddles 82, 84, the pressure chamber 76
may be continuously pressurized during normal operation of
the buoy 20.

[0143] Inanembodiment, the buoy 20 may be arranged so
as to have a plurality of paddle compression mechanisms 80,
with each mechanism 80 pressurizing one or more pressure
chambers 76 located within the hull 22 of the buoy 20. In an
embodiment, eight paddle compression mechanisms 80 are
arranged on the buoy 20, with one mechanism 80 on each side
surface 26 of the buoy 20. In addition, each mechanism 80
may be arranged such that it may generally slide vertically
along the surface of the buoy 20. Such an arrangement facili-
tates the desirable positioning of the paddles 82, 84 relative to
the surface of the water.

[0144] AsshowninFIG. 31, the intake manifold 95 may be
arranged so as to regulate the pressure in a pressure chamber
76 and to block water from entering the pressure chamber 76.
The manifold 95 may be arranged with a relief valve 104 to
release air from the pressure chamber 76 if the pressure in the
chamber 76 rises above a predetermined level, as shown in
FIG. 22. For example, it may be determined that the maxi-
mum desirable pressure in a pressure chamber 76 is 125 psi.
The relief valve 104 may be arranged to release air from the
pressure chamber 76 whenever the pressure in the chamber 76
rises above 125 psi.

[0145] The manifold 95 may include an oil pan (not shown)
that is filled with oil or another similar liquid substance. The
oil and the oil pan may be arranged such that air released from
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the pressure chamber 76 may pass through the oil in the oil
pan and be released to the surrounding environment. The oil
and the oil pan may also be arranged to as to block or other-
wise prevent water from the surrounding environment from
passing through the manifold 95 and into the pressure cham-
ber 76. The oil used in the oil pan may be a vegetable oil, fish
oil, or other appropriate organic substance that would not
cause any environmental issues in the event that the oil is
spilled into the environment surrounding the buoy 20.
[0146] As shown in FIG. 32, the paddle compression
mechanism 80 may further include a check valve 100. The
check valve 100 may be located anywhere along the fluid path
between the main piston 86 and the pressure chamber 76. In
one embodiment, the check valve 100 may be located at the
coupling of the fluid line and the main piston 86. The check
valve 100 may include a spring 102 that biases the valve to
close the fluid path between the main piston 86 and fluid line
93. In addition, the check valve 100 may be arranged such that
gravity also assists in closing the fluid path between the main
piston 86 and fluid line 93.

[0147] The check valve 100 may serve as a one-way-flow
system. The check valve spring 102 may be arranged so as to
open the fluid path between the main piston 86 and fiuid line
93 when sufficient pressure builds up in the piston cylinder 98
so that the pressure may be communicated to the pressure
chamber 76. Such an arrangement allows air to flow from the
piston cylinder 98 to the fluid line 93 and on to the pressure
chamber 76, without allowing air to flow from the fluid line 93
back into the piston cylinder 98. As the paddle compression
mechanism 80 only pressurizes the piston chamber 98 when
a wave impacts the paddles 82, 84, it will be readily under-
stood that such a one-way-flow system may facilitate pres-
surization of the pressure chambers 76 by the paddle com-
pression mechanisms 80.

[0148] Referring to FIGS. 14, 16, and 20, a number of
components or devices may be positioned on the top surfaces
24 of the buoy 20. For example, a manhole 120 may be
located in the top surface 24, so as to provide access to the hull
22 of the buoy 20. The manhole 120 may be utilized by
workers during the installation of a buoy 20 to prepare the
buoy 20 for operation. The manhole 120 may also be utilized
by workers for general maintenance, troubleshooting, or
repairing of the buoy 20 during operation of the buoy 20. The
manhole 120 may be equipped with a cover (not shown) to
prevent water or other substances from unintentionally enter-
ing the hull 22 of the buoy 20. There may be any appropriate
number of manholes 120 located in the buoy 20, but there are
preferably two manholes.

[0149] With reference to FIGS. 16 and 20, solar panels 122
may also be positioned on the top surfaces 24 of the buoy 20.
The solar panels 122 may generate electricity to be either
delivered to shore or for use locally on the buoy 20 to power
systems on the buoy 20. Supercapacitors or ultracapacitors
(not shown) may also be included for storage of the energy
generated by the solar panels 122.

[0150] The energy generated by the solar panels 122 may
be utilized locally to operate systems on the buoy 20. For
example, the energy may be used to operate logic circuits that
control the positioning of the buoy 20 and the paddle com-
pression system 80. The energy also may be used to power
solenoid valves used to operate the pneumatic systems pre-
viously described. The energy may also be used to run other
systems such as, for example, warning lights that alert ships
of the buoy’s 20 position, antennas that send signals to alert
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ships of the buoy’s 20 position, global positioning equipment,
receivers to receive instructions from shore or international
alerts, transmitters to send information to shore, and the like.
The solar panels 122 may also be charged by a rechargeable
battery.

[0151] As an alternative embodiment, a platform 124 may
be positioned and secured on the top surfaces 24 of the buoy
20. The platform 124 may be of any appropriate shape or size
and should not be limited to that illustrated in FIGS. 15 and
16. A number of components, devices, and systems may be
mounted onto the platform 124. Preferably. a tube 126 may be
mounted within the platform 124 that may providea container
for housing various items, as shown in FIGS. 15-17. For
example, an antennae array 128, which may include beacons,
lights, communication antennas, cell phone antennas, radio
antennas, signal relay antennas, global positioning equip-
ment, and the like may be positioned within the tube 126.
[0152] Such communication antennas 128 may extend the
reach of communication methods hundreds or thousands of
miles across the ocean. The tube 126 may be maintained
above the water surface so that air may be removed through
the tube 126 for use with the buoy 20. The tube 126 also
maintains and keeps the antennae array 128 located above the
water surface so that the valves 90, 92 may be operated
remotely via the antennae 128.

[0153] Other embodiments of wave energy recovery sys-
tems 10 are described in U.S. patent application Ser. No.
11/602,145 to Greenspan, et al., filed Nov. 20, 2006, and
entitled “Wave Energy Recovery System,” which is hereby
incorporated in its entirety.

[0154] With reference to FIGS. 27-29, another embodi-
ment of the present invention is illustrated. As an alterative,
the energy of a wave may be harnessed to drive a pump to
move hydraulic fluid to drive a generator. The motion trans-
lating assemblies 12 may be arranged such that each assem-
bly 12 drives individual pumps 132 secured to each support
platform 40. The assemblies 12 may be arranged to rotate a
driveshaft 134 coupled to each pump 132.

[0155] Pressure lines 136 may couple each pump 132 to a
multiple hydraulic pump drive system 138, for example,
which may be located on shore. Each pressure line 136 may
transmit pressure generated by each pump 132 to a central
pressure repository or accumulator 140. This pressure reposi-
tory 140 may release pressure, such as at a constant rate, to
drive a flywheel of the multiple hydraulic pump drive system
138 to generate electric power. Such an arrangement may
result in self-sufficient assemblies 12 and pumps 132.
[0156] It will be readily understood how the inclusion of
flexible pressure lines 136 may allow for easy installation, as
described above. Similar to the previous description, the mul-
tiple hydraulic pump drive system 120 may generate an AC
current, which is converted to DC current by a rectifier. A
voltage converter generates a consistent DC current to be used
as a final source of electricity or to be converted back to AC
current.
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[0157] The embodiments, as described herein, allow for
easy and inexpensive relocation of a wave energy recovery
system. As will be readily understood, a system may be rela-
tively easily and quickly disassembled and moved to a more
desirable location. The modular nature of the embodiments
allows for rapid expansion of an existing and operative sys-
tem. In addition, the location of systems on a seabed provides
for a self-cooling system, which improves operation and low-
ers maintenance costs as well.

[0158] The embodiments of the invention have been
described above and, obviously, modifications and alterna-
tions will occur to others upon reading and understanding this
specification. The claims as follows are intended to include all
modifications and alterations insofar as they come within the
scope of the claims or the equivalent thereof.

Having thus described the invention, we claim:

1. A wave energy recovery system comprising:

a motion translating assembly comprising:

a main buoy; and

a shaft coupled to said main buoy, wherein vertical
motion of said main buoy is translated into rotational
motion of said shaft; and

an electric power generating device coupled to said shaft,
wherein rotational motion of said shaft results in said
electric power generating device generating electric
power.

2. A wave energy recovery system comprising:

a motion translating assembly comprising:

a main buoy;

a retracting buoy: and

a main cable coupled on one end to the main buoy and
coupled on the other end to the retracting buoy;

a shaft;

a drum coupled to the shaft, wherein the main cable is
wrapped around the drum, such that rotation motion of
said drum is capable of translating into rotational motion
of said shaft; and

a generator could to said shaft such that rotational motion
of said shaft is capable of translating into rotational
motion of said generator.

3. A method for recovering energy from waves comprising:

positioning a plurality of motion translating assemblies in
a body of water;

positioning a shaft in said body of water;

positioning an electric power generating device in said
body of water or proximate to said body of water:

coupling each of said plurality of motion translating
assemblies to said shaft;

coupling said shaft to said electric power generating
device;

translating vertical motion of said motion translating
assemblies to rotational motion of said shaft; and

engaging rotational motion of said shaft to said electric
power generating device to generate electric power.

® ok ok ok ok
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providing a buoy having a first flotation element including an upper wheel assembly and
a lower wheel assembly, the lower wheel assembly being below water level, a second
flotation element, smaller than and motion independent of the first flotation element and,
a cable, wherein the cable is attached at a first end to the second flotation element and
is attached at a second end to a water bed, and wherein the cable is adapted {o pass
above and rotate said upper wheel assembly and pass beneath and rotate the lower
wheel assembly

4

placing the buoy into a body of water so that the first flotation element and the second
flotation element are on the surface of the body of water

l FIG. 10

anchoring the buoy through the cable to the bed of said body of water

1

allowing action of waves to raise the first flotation element and concomitantly sink the
second flotation element, wherein the motion of the second flotation element allows for
the rotation of the upper wheel assembly and the lower wheel assembly

]

allowing action of the waves to lower the first flotation element and concomitantly raise
the second flotation element, wherein the motion of the second flotation element allows
for the rotation of the upper wheel assembly and the lower wheel assembly.
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METHODS AND DEVICES FOR
CONVERTING WAVE ENERGY INTO
ROTATIONAL ENERGY

FIELD AND BACKGROUND OF THE
INVENTION

[0001] The present invention, in some embodiments
thereof, relates to devices and methods for efficiently con-
verting energy associated with water waves into rotational
energy, but not exclusively, to methods for effectively pro-
ducing electrical energy from wave action.

[0002] There is a tremendous push in the world toward
“renewable” energy sources. While solar and wind have been
of the dominant varieties of alternative electricity sources,
waves from the oceans could power a significant portion of
the world electrical demand (see for example: http://peswiki.
com/index.php/Directory:Ocean_Wave_Enemy). As with
any form of energy supplied to the world public, wave-based
electricity must be price competitive with other energy
sources. Creating electricity is not the same as providing
electricity in quantities and at prices that allow for its use in
the electrical grid.

[0003] Wave-based electrical generators have been pre-
pared and different versions have been used in sea trials,
though none is commercially in use. While each system has
unique features as well as performance specifications, most
use the same basic physics of a wave driving either a linear or
rotary element to eventually create electricity.

[0004] U.S. patent application Ser. No. 12/221,407 to Kim,
et al describes electricity generation from the ocean wave by
use of mechanical systems, submerged or on surface, collect-
ing energy day and night regardless weather condition in a
way similar to the way of collecting energy by use of solar
panels or wind mills, without contacting the salty ocean
water. The principal mechanism invented is as follows.
Swinging of a heavy mass due to the ocean wave generates
torque that sways gear wheel in clockwise or counterclock-
wise, thus transmitting the torque energy to two gear wheels
that separate clockwise swing and counterclockwise swing
via two sets of spring-piston clutching system and by use of
gear chain, either converting clockwise swing to counter-
clockwise swing or vise versa such that the back and forth
motion of the mass transforms into unidirectional rotation
that rotates the rotor of electricity generator.

[0005] U.S. patent application Ser. No. 12/248,575 to Ras-
mussen teaches systems and methods are disclosed for har-
nessing wave energy. In one embodiment, a wave energy
conversion device comprises a buoyant component con-
nected to a generator such that wave energy is transferable
from the buoyant component to the generator. A restricting
mechanism connected with the buoyant component, is con-
figured to selectively restrict the buoyant component from
rising strictly along with passing waves. The restricting
mechanism may be selectively released at an optimal time
during a passing wave. In some embodiments, a system may
include an array of wave energy conversion devices and a
communications network. The communications network
may allow for each of the buoyant components in the array to
be released at an optimal time in sequential fashion

[0006] U.S. patent application Ser. No. 12/867.431 to
Sidenmark describes a wave energy converter including a
buoy and a transmission unit. In the transmission unit there is
a driveshaft, which is driven to rotate either when the buoy
rises or sinks, yet always in the same direction. The driveshaft
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is mechanically coupled to one of the rotating parts of an
electric generator and drives this to generate electric current.
Further on there is an energy accumulation device, which is
also coupled to the driveshaft to accumulate energy when the
buoy rises or sinks and the driveshaft rotates and which is then
used to drive the generator at the other of the rising and
sinking motions. The coupling between the energy accumu-
lation device and the driveshaft can go by the generator’s
second rotatable part, the air gap between the generator’s
parts and the generator’s first part. The coupling over the air
gap gives a torque, which drives the second part to rotate
along and which also counteracts the rotation of the drive-
shaft. The generator’s second part is driven by the energy
accumulation device to rotate in the other direction, when the
torque from the driveshaft does not exceed the counteracting
torque.

[0007] U.S. Pat. No. 4,568,836 to Reenberg teaches an
apparatus for converting wave energy to electrical energy in a
sea environment comprises a flotation duck anchored to the
sea bottom and a turbine assembly pivotally connected
thereto comprising an air chamber partially filled with liquid
and/or granular particles having a turbine mounted on the
upper portion thereof. The turbine is either self-rectifying or
with a flap valve controlled entrance to the air chamber. A
generator is coupled to the turbine and driven thereby. In
operation, the motion of the waves causes the liquid and/or
granular particles to compress the air within the chamber
which is then used to drive the turbine. The spent air is fed
back into the air chamber from the turbine as wave motion
continues. In alternate embodiments the turbine generator
assembly is mounted to the upper portion of an air chamber
open to the sea on the bottom in an apparatus which rotates
about a fixed or stable central axis. Gearing arrangements to
drive the generator either alone or in combination with a
liquid or air turbine drive are also disclosed. Compression of
the air within the chamber or liquid, as the case may be, drives
the turbine. Multiple assemblies may be readily coupled
together to generate electrical energy in commercially prac-
tical quantities.

[0008] U.S. patent application Ser. No. 12/698,779 to
Bender describes a power generating device comprising a
weight suspended from a buoy via a zip-line and at least two
gears disposed on said zip-line which are coupled to drives
shafts, which in turn are couple to electric generators. The
device converts the mechanical power of oscillating ocean
waves into electricity.

[0009] U.S. Pat. No. 7,012,340 to Yiteaches an ocean wave
energy conversion apparatus including a float adapted to ride
on the surface of the ocean in reciprocal vertical motion in
response to ocean wave front action and alever adapted toride
on the surface of the ocean. The lever has one end coupled to
the float. A fulcrum pivotally supports the lever. A magnet is
coupled to the other end of the lever. Parallel stator cores
having electric coils wound thereon together with the magnet
form a magnetic circuit. Springs are adjacent the magnet and
interconnected to the lever and the magnet. A barrier is dis-
posed between adjacent stator cores. The upward motion of
the float caused by impact of waves will move the magnet
downward by the lever and compresses the springs. Down-
ward motion of the float will move the magnet upward by the
lever and expand the springs. Repeated movement of the
magnet will induce a voltage in the electric coils.
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[0010] The prior art generally describes production of elec-
trical energy through the movement of weights with concormni-
tant generation of electrical energy.

SUMMARY OF THE INVENTION

[0011] It is therefore a purpose of the present invention, in
some embodiments, to describe methods and devices for con-
verting wave energy into rotational energy, the rotational
energy being, in some embodiments, being further converted
to electricity.

[0012] Theinvention includes a device for converting wave
energy into rotational energy, including the following: a first
flotation element including an upper wheel assembly and a
lower wheel assembly, the lower wheel assembly being below
water level during action of the device; a second flotation
element, smaller than and independent in individual motion
of the first flotation element; a chain, wherein the chain is
attached at a first end to the second flotation element and is
adapted to rotate the lower wheel assembly and transfer
change in potential energy of the first floatation element to
mechanical rotational energy, and the chain further passing
the upper wheel assembly; and, an anchor, wherein the anchor
is attached to a second end of the chain and remains effec-
tively unmoved during the action of the device.

[0013] In one aspect of the device, the rotational energy is
employed in the generation of electricity.

[0014] In another aspect of the device, the device is a plu-
rality of devices.

[0015] Inanother aspect of the device, there is additionally
a motor being associated with a wheel assembly.

[0016] In another aspect of the device, the anchor sits on a
water bed.
[0017] In another aspect of the device, the anchor is real-

ized as a weight.

[0018] Inanotheraspect of the device, there is additionally
an electrical cable for dispatching electricity generated by the
motor to an electrical grid.

[0019] Inanotheraspect of the device, the device is realized
as a buoy.
[0020] In another aspect of the device, the wheel assembly

includes teeth adapted for interaction with the chain.

[0021] Inanotheraspect of the device, the rotational energy
is employed in water pumping.

[0022] Inanotheraspect of the device, the rotational energy
is employed in the compression of liquid or gas.

[0023] Instill another aspect of the device, the device could
be part of a raft or ship.

[0024] Inanother aspect of the device, there is additionally
an electrical system for local off-grid uses.

[0025] In another aspect of device, there is additionally a
light and adapted for use as lighthouse or marking buoy.
[0026] Inanother aspect of the device, there is additionally
a gear system to convert turns of the wheels to larger turns of
a component associated with a motor.

[0027] In another aspect of the device, there is a load on a
shaft associated with the motor.

[0028] In another aspect of the device, there is no load on
the motor.
[0029] In another aspect of the device, the chain may be

comprised of a cable and a chain in a row.

[0030] In another aspect of the device, there is further
included a system adapted to convert rotation in two direc-
tions to rotation in a single predetermined direction rotation.
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[0031] The invention additionally includes a device for
converting wave energy into rotational energy, including the
following: a first flotation element including an upper wheel
assembly and a lower wheel assembly, the lower wheel
assembly being below water level during action of the device;
a second flotation element, smaller than and independent in
individual motion of the first flotation element; a chain,
wherein the chain is attached at a first end to the second
flotation element and is adapted to rotate the upper wheel
assembly and transfer change in potential energy of the first
floatation element to mechanical rotational energy, and
wherein the chain is attached at a second end to the sea floor.
[0032] Inoneaspect of the device, the cable is attached to a
cement block on the sea floor.

[0033] Inanother aspect of the device, the device is used in
the production of electricity.

[0034] In another aspect of the device, the device is a plu-
rality of devices.

[0035] The invention additionally provides for a method for
converting wave energy to rotational motion, including the
following: providing a buoy having a first flotation element
including an upper wheel assembly and a lower wheel assem-
bly, the lower wheel assembly being below water level, a
second flotation element, smaller than and motion indepen-
dent of the first flotation element and, a cable, wherein the
cable is attached at a first end to the second flotation element
and is attached at a second end to a water bed, and wherein the
cable is adapted to pass above and rotate the upper wheel
assembly and pass beneath and rotate the lower wheel assem-
bly; placing the buoy into a body of water so that the first
flotation element and the second flotation element are on the
surface of the body of water; anchoring the buoy through the
cable to the bed of the body of water; allowing action of waves
to raise the first flotation element and concomitantly sink the
second flotation element, wherein the motion of the second
flotation element allows for the rotation of the upper wheel
assembly and the lower wheel assembly; and, allowing action
of the waves to lower the first flotation element and concomi-
tantly raise the second flotation element, wherein the motion
of the second flotation element allows for the rotation of the
upper wheel assembly and the lower wheel assembly.
[0036] In one aspect of the method, the lower wheel is
associated with an electric motor.

[0037] In another aspect of the method, there is an addi-
tional step of generating electricity from the rotation of the
upper wheel assembly and the lower wheel assembly.

[0038] In another aspect of the method, there is an addi-
tional step of transferring the electricity from the buoy to an
electrical grid.

[0039] Inanother aspect of the method, the buoy is realized
as a plurality of buoys.

[0040] In another aspect of the method, the electricity is
used to power the buoy.

[0041] Inanotheraspect of the method, the cableis realized
as a chain adapted to rotate teeth associated with the upper
wheel assembly and the lower wheel assembly.

[0042] Inanotheraspect of the method, there is additionally
a system placed between the wheel and motor for conversion
of two directions of rotation of said wheel to one direction of
rotation and could optionally to a higher rate of revolution.
[0043] 1In another aspect of the method, the cable may be
comprised of a cable and a chain in a row.
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[0044] Inanotheraspect of the method, there is additionally
included a system adapted to convert rotation in two direc-
tions to rotation in a single predetermined direction rotation.
[0045] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. “Buoy”, “flotation element”, “gear”,
“cable”, “chain”, “motor”, “anchor”, “wheel assembly”,
“sprocket”, and other relevant terms may have their standard
meanings as applied in the appropriate arts, unless otherwise
defined in the instant invention. A chain may include a chain

and a cable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
It is noted that similar elements in various drawings will have
the same number, advanced by the appropriate multiple of
100.

[0047] In the drawings:

[0048] FIG.1is a schematic representation of wave energy
amenable to conversion to rotational energy;

[0049] FIG.2A is a schematic representation of an embodi-
ment of the instant invention;

[0050] FIGS. 2B-2D show schematic views of the steps of
energy transduction of an embodiment of the present inven-
tion;

[0051] FIG. 31isaschematic representation of an alternative
embodiment of the present invention;

[0052] FIGS. 4A & 4B are schematic representations of
still another embodiment of a wave to rotational energy
device;

[0053] FIG. 5 is a schematic representation of another
embodiment of the present invention;

[0054] FIG. 6A shows details of an electricity generating
module associated with an embodiment of the present inven-
tion;

[0055] FIG. 6B shows further detail of the mechanism for
converting rotational energy to a single direction;

[0056] FIG. 7 is a schematic representation of electricity
generation according to an embodiment of the present inven-
tion;

[0057] FIG. 8 is a schematic representation of a field of
devices according to an embodiment of the present invention
for the purpose of generating MW levels of electricity;
[0058] FIG. 9 shows a schematic representation of an
embodiment of the present invention with a weight in place of
anchor; and,

[0059] FIG. 10 shows a flowchart associated with a method
of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
OF THE INVENTION

[0060] The present invention, in some embodiments
thereof, relates to converting the energy associated with
waves into rotational energy and, more particularly, but not
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exclusively, to methods and devices for producing grid-deliv-
erable electricity from wave energy.
[0061] For purposes of better understanding some embodi-
ments of the present invention, as illustrated in FIGS. 1-10 of
the drawings, reference is first made to FIG. 1 which shows a
general conceptual schematic for a wave that could be used
for production of rotational energy. Water waves have asso-
ciated energies and are produced by a variety of factors; their
intensity and frequency, critical for energy extraction, are
related to these factors (http://en.wikipedia.org/wiki/Water_
waves):
[0062] The great majority oflarge breakers one observes on
a beach result from distant winds. Five factors influence the
formation of wind waves:
[0063] Wind speed
[0064] Distance of open water that the wind has blown
over (called the fetch)
[0065] Width of area affected by fetch
[0066] Time duration the wind has blown over a given
area
[0067] Water depth
[0068] All of these factors work together to determine the
size of wind-generated water waves. The greater each of the
variables, the larger the waves. Waves are characterized by:
[0069] Wave height (from trough to crest)
[0070] Wavelength (from crest to crest)
[0071] Wave period (time interval between arrival of
consecutive crests at a stationary point)
[0072] Wave propagation direction
[0073] Waves in a given area typically have a range of
heights. For weather reporting and for scientific analysis of
wind wave statistics, their characteristic height over a period
of time is usually expressed as significant wave height. This
figure represents an average height of the highest one-third of
the waves in a given time period (usually chosen somewhere
in the range from 20 minutes to twelve hours), or in a specific
wave or storm system. Given the variability of wave height,
the largest individual waves are likely to be about twice the
reported significant wave height for a particular day or storm.
[0074] FIG. 1 shows a wave 110 heading towards a shore
120. The wave has a wave height and groups of waves have an
associated wavelength. Energy stored in the moving wave is
delivered to shore (often as sound and froth) and then the
remaining return wave heads out to sea, thus creating a
trough. Energy associated with a wave is most closely asso-
ciated with wave height, wave speed and the wave period.

First Embodiment

[0075] Attention is turned to FIG. 2A, which shows a sche-
matic view of an embodiment of the instant invention. A wave
energy transducer 200 includes a first flotation element 230, a
second flotation element 240, an upper wheel assembly 250,
a lower wheel assembly 260, and an anchor 275. At a resting
state between or in the absence of waves, both flotation ele-
ments sit on the face of a body of water 205 where the
transducer 200 is present. The wave energy transducer 200
works on a unique concept in which a passing wave (not
shown) will necessarily raise the first flotation element 230,
as floating materials generally rise with each passing wave.
The second flotation element 240 is significantly smaller than
the first flotation element 230 and is also attached via a chain
orcable 290 to said anchor 275. Thus, when a wave passes the
wave energy transducer 200, the first flotation element 230 is
raised with the height of the wave, while the smaller second
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flotation element 240 is transiently sunken into the water. The
second flotation element 240 is necessarily sunken into the
water due the presence of a cable 290 attached anchor 275
which may rest on a seabed 207. Thus during a wave event,
the first flotation element 230 goes up, while concomitantly
the second flotation element 240 goes down. The associated
chain or cable 290 associated with the second flotation ele-
ment 240 turns the upper wheel assembly 250 and the lower
wheel assembly 260. It is thus through the wave action that
wave energy is efficiently converted to rotational energy, pri-
marily associated with the action of the at least two wheel
assemblies 250 & 260.

[0076] In FIG. 2A, the upper wheel assembly 250 is
attached to gear wheels 285 that may be further attached to
generator 280. It is noted that either wheel assembly may
stand as an independent element, may be associated with an
electricity production apparatus or may be associated directly
or otherwise with elements that make benefit from rotation of
awheel assembly such as but not limited to a propeller screw
or other rotational element.

[0077] Itis appreciated that additional elements not shown
in FIG. 2A may be associated with the wave energy trans-
ducer 200. For example, GPS transponder, computer, light-
ing, armament, power cables, buoy markings, and other ele-
ments may optionally be associated with a transducer.
[0078] Itisstressed that in the present invention, there is no
requirement for enormous counterweights which are often
used in prior art systems. Rather, the differential size of the at
least two flotation elements in association with an anchor or
attachment to the ocean floor guarantees that only one flota-
tion element rises with the impending wave, while the other,
smaller, flotation element necessarily sinks. The first flotation
element 230 is generally at least twice the size of the second
flotation element 240, though this ratio can be higher or lower,
according to needs of the transducer 200. After the wave has
passed, the rotation elements return to their prior positions,
namely the first flotation element 230 “comes down” on the
back side of the wave crest to the original sea level, while the
second flotation element 240 comes back up from the depths
to again return to sea level. This return to position also drives
the cable 290 through the upper wheel assembly 250 and
lower wheel assembly 260, thus guaranteeing additional rota-
tional energy transduction with each passing wave. It is noted
that the lower wheel assembly 260 is always beneath sea
level, whereas the upper wheel assembly 250 can be either
above sea level, at sea level or at times beneath sea level.

[0079] Attention is now turned to FIGS. 2B-2D which
show the “lifecycle” of a wave energy transducer 200 in its
interaction with a wave. F1G. 2B shows a wave energy trans-
ducer 200 at rest in water 205, namely the first flotation
element 230 and the second flotation element 240 are at rest,
floating in the water. An anchoring element 275 is solidly
attached to the ocean floor 207. Cable 290 is attached to said
anchoring element 275, passes over upper wheel assembly
250 and under lower wheel assembly 260 before terminating
at the smaller second flotation element 240. The cable 290 is
of a length to allow the two flotation elements to rest in flat
water, with the cable being taught in its disposition.

[0080] Attention is turned to FIG. 2C, which shows the
wave energy transducer 200 during its interaction witha wave
210, wherein the transducer 200 sits in this view on the wave
210 crest. As expected, the first flotation element 230 rises
with the impending wave 210. Under other conditions, the
second flotation element 240 would also rise with the wave
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210; in the present invention, the intentionally smaller second
flotation element 240 necessarily sinks in the wave due to the
cable 290 connecting the second flotation element 240 to the
anchoring element 275. Thus, as shown in the figure, a sepa-
ration space 295 is created between the first flotation element
230 and the second flotation element 240. During the time
when this separation space 295 is created, cable 290 rotates
the upper wheel assembly 250 or a portion thereof and the
lower wheel assembly 260 or a portion thereof. Thus, by
separating flotation elements according to size and the con-
nection of one flotation element 240 to a fixed anchoring
element 275, wave energy is converted to rotational energy in
the wheel assemblies. One can use the rotational energy either
directly or indirectly to generate electricity or rotational
mechanical energy.

[0081] Attention is turned to FIG. 2D, which shows the
wave transducer 200 after the wave 210 has passed and the
wave energy transducer 200 is sitting in a trough 215 between
waves 210. The larger first flotation element 230 has gone
down and sits on the trough 215. The smaller second flotation
element (not visible in figure) has risen from the depths of the
sea (or other water source) and is again floating, this time in
the trough 215. The movement of the flotation elements
towards the trough 215 again turns the upper wheel assembly
250 and lower wheel assembly 260 via the cable 290, this time
the rotation being in a direction opposite that when the trans-
ducer 200 passed over the wave (see FIG. 2C). The invention
thus creates rotational energy both in reaching the crest of a
wave 210 and in coming back down into the trough (F1G. 2D,
215) after a wave 210. As discussed in a further embodiment,
the rotation of the wheel assemblies in opposite directions
during a full wave cycle can be converted to rotation in a
single direction and alternatively at a higher rate of rotation
through appropriate gears and other elements.

[0082] Itis noted that the length of the cable may be impor-
tant for efficient energy conversion by the wave energy trans-
ducer. The cable 290 is generally attached to the seabed or
other water bed. It is strung through the wheel assemblies and
finally attached to the smaller second flotation element. If the
cable 290 is too short, the second flotation element will be
partially submerged and will have limited travel distance
when awave passes. [fthe cable 290 1s too long, wave passage
will not lead to sinking of the smaller flotation element. Thus,
cable 290 should be of a length to allow both flotation ele-
ments to sit on a calm water surface but should generally not
be significantly shorter or longer, unless there is a reason for
such a modification. The cable 290 will be adapted to be
easily modified for length based on changing water condi-
tions such as tides.

[0083] At the end of the process, the energy transducer 200
returns to its starting condition as shown in FIG. 2B.

Second Embodiment

[0084] Attention is turned to FIG. 3 which shows a sche-
matic view of an alternative embodiment of the present inven-
tion. A wave energy transducer 300 is shown in its resting
position when the sea 305 is “flat” and not encountering
waves. Conical first flotation element 330 is outside of and
significantly larger than conical second flotation element 340.
The first flotation element 330 (or alternatively a collection of
flotation elements that collectively serve as a first flotation
element 330) is generally twice as large as the second flota-
tion element 340, though the specific size ratio may vary
according to application and specific embodiment. Anchor
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370 rests on sea floor 307 and is attached to cable 390 which
is further threaded through upper wheel assembly 350 and
lower wheel assembly 360 before being finally attached to
said second flotation element 340. As shown in FIG. 3, in its
resting state, the wave energy transducer 300 has first flota-
tion element 330 and second flotation element 340 both float-
ing on the sea 305. When a wave passes by (not shown), the
flotation elements move in opposite directions: the larger first
flotation element 330 rises with the wave, while the smaller,
anchored second flotation element 340 is driven into the body
of the sea. Cable 390 rotates upper wheel assembly 350 and
lower wheel assembly 360, thus converting energy associated
with a propagated water wave into rotational energy. The
rotating wheel assemblies can be associated with elements
that convert the rotational energy into motion, electricity, or
any other desired energetic outcome. In FIG. 3, a battery 385
for the wave energy transducer 300 is associated with the
lower wheel assembly 360 and powers the device which can
serve as a buoy or beacon for shipping.

[0085] One will note that the wave energy transducer 300
includes a shaft 365 which houses the lower wheel assembly
360, portions of the cable 390 that run through the lower
wheel assembly 360 and the battery 385. The shaft may be
open or partially sealed, may float or may either rest or be
anchored to the sea floor 307.

Third Embodiment

[0086] Attention is turned to FIG. 4A which shows an alter-
native embodiment of the present invention. A wave energy
transducer 400 includes a shaft 465 that is open to water
around it both at its top and its bottom. A second flotation
element 440 is located inside the shaft 465 and may move
down and up inside the shaft 465 as a function of wave
interaction with the transducer 400. The first flotation element
430 is actually realized as two unique flotation elements 430
placed on either side of the partially submerged shaft 465. An
anchor 470 is located at the end of cable 490 running from the
second flotation element 440 and passing through the upper
wheel assembly 450 and lower wheel assembly 460. Cable
490 could alternatively be attached to a large weight or the
seabed itself (neither shown in figure). The cable 490 is
adapted to pass around both wheel assemblies and to thus
rotate the wheel assemblies as second flotation element 440
initially is sunk by wave presence and then elevated after a
wave has passed. A battery 485 associated with lower wheel
assembly 460 receives energy generated through the wave-
specific rotation of lower wheel assembly 460.

[0087] Cable 490 may be realized as a chain that allows for
spokes from the wheel assemblies to pass through it (FIG.
4B). The chain 491 includes spacing 492 for receiving spokes
493 from a sprocket 494 associated with a wheel assembly.
Chain 491 dressed around sprocket 494 of wheel assembly is
adapted to rotate sprocket 494 and thus wheel assembly (not
shown) and any associated rotational elements including but
not limited to a rotating element of an electrical generator.

Fourth Embodiment

[0088] Attention is now turned to FIG. 5 which shows a
schematic view of an additional embodiment of the present
invention. A wave energy transducer 500 includes a plurality
of wheel assemblies 555 which are adapted to be rotated by a
cable 590 whose penultimate ends are an anchor 570 and a
second flotation element 540 which s half the size or less than
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a first flotation element 530. Multiple wheel assemblies 555
aid in more efficient cable motion and potentially higher
efficiencies of energy conversion between wave motion and
rotational energy realized in the wave energy transducer 500.

Fifth Embodiment

[0089] Attention is now turned to FIG. 6A which shows a
gear system 682 that may be associated with an embodiment
of the present invention. Gear 685 is rotated by chain or cable
(not shown for purposes of clarity) as described in previous
embodiments. The gear 685 is associated with a two-way to
one-way rotation converter 686, as the gear rotates in both
clockwise and counterclockwise directions during a single
wave pulse. The converter 686 converts all gear 685 rotation
into a single direction of rotation for conversion of wave to
rotational energy. The converter 686 is connected to a step-up
gear 687 that typically has a ratio of 50:1 or 100:1 to increase
the percentage of wave energy that is realized as usable rota-
tional energy. Finally, the step-up gear 687 is connected to a
motor/generator 680 that can generate electricity through the
appropriate rotation of magnet, rotor or the like to allow for
production of electricity from rotational energy. The gear
system 682 thus takes wave energy via a wheel assembly-
associated gear 685 and allows for conversion of said energy
into electricity which can be used on-site or transferred else-
where. Rotation of gear 685 is specifically dependent on wave
action as described in the first embodiment of the instant
invention.

[0090] FIG. 6B shows greater detail of the gear 685 func-
tion in transduction of wave energy to rotational energy. With
movement of flotation elements (not shown), chain 690
rotates gear 685 associated with wheel assembly 655; gear
685 in turn rotates a plurality of gears 687 associated with a
backstop freewheel system. As depicted in FIG. 6B, the upper
gears 693 rotate shaft 691 only when chain 690 rotates gear
685 in a clockwise direction; lower gears 692 do not function
atall. When chain 690 rotates gear 685 in a counterclockwise
direction, lower gears 692 rotate shaft 691 in the same direc-
tion 696 as before, while upper gears 692 do not function. The
plurality of gears 687 aids in efficiently converting the wave-
specific rotation of wheel assembly 655 gear 685 into single-
direction rotational energy as shown in FIG. 6A.

Sixth Embodiment

[0091] Attention is turned to FIG. 7 which shows an
embodiment of the invention used for production of electric-
ity. A wave energy transducer 700 is shown with separation of
first flotation element 730 and second flotation element 740
that occurs when the transducer 700 is lifted by a wave (not
shown). Cable 790 attached to an anchoring element rotates a
lower wheel assembly 760 which is associated with an elec-
trical generator 780. Electricity generated by the electrical
generator 780 is sent by a transmission cable to an electrical
grid (not shown). Optional stabilizers 295 are also shown.

Seventh Embodiment

[0092] Attention is turned to FIG. 8 which shows an
embodiment of the present invention. A plurality of wave
energy transducers 800 are placed in the sea 805, wherein said
transducers 800 are anchored to the seabed 807. Waves pass-
ing through the field 802 of transducers 800 will cause the
action of each transducer 800 to convert wave energy into
rotational energy and optionally into electricity which can be
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taken from the field 802 with an appropriate set of transmis-
sion wires (not shown). Note that different transducers 800
can be in wave crest 810 or trough 815 at the same time.

Eighth Embodiment

[0093] Attention is turned to FIG. 9 which shows a sche-
matic view of an embodiment of the present invention. The
wave energy transducer 900 includes a weight 977 in place of
anchor, said weight either resting on seabed 907 or being
suspended in the sea, as a function of the cable 990 length. In
such an embodiment, the transducer 900 may be held in place
by a separate line 995 or other means. It is assumed that the
transducer will remain generally in a single location during
the time of its use.

Ninth Embodiment

[0094] FIG. 10 shows a method of the present invention.
The method includes providing a buoy having a first flotation
element including an upper wheel assembly and a lower
wheel assembly, the lower wheel assembly being below water
level, a second flotation element, smaller than and motion
independent of the first flotation element and, a cable,
wherein the cable is attached at a first end to the second
flotation element and is attached at a second end to a water
bed, and wherein the cable is adapted to pass above and rotate
said upper wheel assembly and pass beneath and rotate the
lower wheel assembly; placing the buoy into a body of water
so that the first flotation element and the second flotation
element are on the surface of the body of water; anchoring the
buoy through the cable to the bed of said body of water;
allowing action of waves to raise the first flotation element
and concomitantly sink the second flotation element, wherein
the motion of the second flotation element allows for the
rotation of the upper wheel assembly and the lower wheel
assembly: and, allowing action of the waves to lower the first
flotation element and concomitantly raise the second flotation
element, wherein the motion of the second flotation element
allows for the rotation of the upper wheel assembly and the
lower wheel assembly.

[0095] Itisexpected that during the life of a patent maturing
from this application, additional wave-based energy systems
will be developed, and the scope of the term of the invention
is intended to include all such new technologies a priori.
[0096] As used herein the term “about” refers to £10%.
[0097] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”.

[0098] The term “consisting of means “including and lim-
ited to”.
[0099] The term “consisting essentially of” means that the,

method or structure may include additional ingredients, steps
and/or parts, but only if the additional ingredients, steps and/
or parts do not materially alter the basic and novel character-
istics of the claimed composition, method or structure.
[0100] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0101] Throughout this application, various embodiments
of this invention may be presented in a range format. It should
be understood that the description in range format is merely
for convenience and brevity and should not be construed as an
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inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0102] Whenever a numerical range is indicated herein, itis
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate num-
ber and “ranging/ranges from” a first indicate number “to” a
second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers
and all the fractional and integral numerals therebetween.
[0103] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims. The present invention could be employed for a wide
variety of embodiments with differentially sized flotation
elements as herewith described.

[0104] Tt is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment is inoperative without those elements.

[0105] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cation of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as necessarily
limiting,

What is claimed:

1. A device for converting wave energy into rotational

energy, including the following:

a first flotation element including an upper wheel assembly
and a lower wheel assembly, said lower wheel assembly
being below water level during action of said device;

asecond flotation element, smaller than and independent in
individual motion of said first flotation element;

a chain, wherein said chain is attached at a first end to said
second flotation element and is adapted to rotate said
lower wheel assembly and transfer change in potential
energy of said first floatation element to mechanical
rotational energy, and said chain further passing the
upper wheel assembly; and,
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an anchor, wherein said anchor is attached to a second end
of said chain and remains effectively unmoved during
the action of said device.

2. The device according to claim 1, wherein said rotational

energy is employed in the generation of electricity.

3. The device according to claim 2, wherein said device is

a plurality of devices.

4. The device according to claim 1, further including a

motor, said motor being associated with a wheel assembly.

5. The device according to claim 1, wherein said anchor sits

on a water bed.

6. The device according to claim 1, wherein said device is

realized as a buoy.

7. A device for converting wave energy into rotational

energy, including the following:

afirst flotation element including an upper wheel assembly
and a lower wheel assembly, said lower wheel assembly
being below water level during action of said device;

asecond flotation element, smaller than and independent in
individual motion of said first flotation element;

a chain, wherein said chain is attached at a first end to said
second flotation element and is adapted to rotate said
upper wheel assembly and transfer change in potential
energy of said first floatation element to mechanical
rotational energy, and wherein said chain is attached at a
second end to the sea floor.

8. The device according to claim 7, wherein said cable is

attached to a cement block on said sea floor.

9. The device according to claim 7, wherein said device is

used in the production of electricity.

10. The device according to claim 7, wherein said rota-

tional energy is employed in the compression of liquid or gas.

11. The device according to claim 7, wherein said device

could be part of a raft or ship.

12. The device according to claim 4, further including an

electrical system for local oft-grid uses.

13. The device according to claim 4, further including a

light and adapted for use as lighthouse or marking buoy.

14. The device according to claim 1 wherein said device

includes a gear system to convert turns of said wheels to larger
turns of a component associated with a motor.
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15. The device according to claim 4, wherein there is aload
on a shaft associated with said motor.

16. The device according to claim 4, wherein there is no
load on said motor.

17. A method for converting wave energy to rotational
motion, including the following:

providing a buoy having a first flotation element including

an upper wheel assembly and a lower wheel assembly,
said lower wheel assembly being below water level, a
second flotation element, smaller than and motion inde-
pendent of said first flotation element and, a cable,
wherein said cable s attached at a first end to said second
flotation element and is attached at a second end to a
water bed, and wherein said cable is adapted to pass
above and rotate said upper wheel assembly and pass
beneath and rotate said lower wheel assembly;

placing said buoy into a body of water so that said first

flotation element and said second flotation element are
on the surface of said body of water;

anchoring said buoy through said cable to said bed of said

body of water;

allowing action of waves to raise said first flotation element

and concomitantly sink said second flotation element,
wherein the motion of said second flotation element
allows for the rotation of said upper wheel assembly and
said lower wheel assembly; and,

allowing action of said waves to lower said first flotation

element and concomitantly raise said second flotation
clement, wherein the motion of said second flotation
element allows for the rotation of said upper wheel
assembly and said lower wheel assembly.

18. The method according to claim 17, furthering including
the step of generating electricity from said rotation of said
upper wheel assembly and said lower wheel assembly.

19. The method according to claim 17, wherein said cable
may be comprised of a cable and a chain in a row.

20. The method according to claim 17, wherein there is
further included a system adapted to convert rotation in two
directions to rotation in a single predetermined direction
rotation.
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DEVICE FOR WAVE-POWERED
GENERATOR

RELATED APPLICATIONS

[0001] The present invention claims priority under 35 U.S.
C. §119 to Norwegian Patent Application No. NO 20071410,
filed on Mar. 16, 2007, the disclosure of which is incorporated
by reference herein in its entirety.

BACKGROUND

[0002] Theinvention relates to adriving device for convert-
ing a linear movement induced by wave motion on a water
surface into a unidirectional, rotational motion, more specifi-
cally a stationary main module comprising means for sliding
or rolling movement of a running rod engaged in a drive
which drives an energy generator through the wave-induced
vertical movement of the running rod, the running rod extend-
ing substantially in a vertical direction. Transmission means
provide a unidirectional direction of rotation in the energy
generator when the moving direction of the running rod
changes.

[0003] In the following description the terms “wave-pow-
ered generator” and “generator” are used in part for devices
which are arranged to produce electrical current. It is within
the scope of the invention that the “wave-powered generator”
and the “generator” may just as well produce energy of some
other form, for example by a pump supplying liquid under
pressure. Therefore, the terms “wave-powered generator”
and “generator” should be understood to be broader than the
narrow sense, that is to say related to electrical energy, that
these expressions have in everyday language.

[0004] There are known many different systems for
exploiting wave and tidal force for the production of energy,
for example electrical current. The problems within this field
have been that the technical equipment has not been able to
withstand the heavy loads inflicted on a wave-powered gen-
erator by the waves, and the efficiency has been too poor. To
prevent a breakdown, it has been attempted to move the
wave-powered generator to areas with “calmer” sea and
weather conditions. Naturally, this has led to poorer wave
power exploitation and efficiency.

[0005] The invention has for its object to remedy or reduce
at least one of the drawbacks of the prior art.

[0006] The object is achieved through features specified in
the description below and in the claims that follow.

SUMMARY

[0007] For maximum utilization of a wave- and tide-pow-
ered generator it is necessary to place the equipment in areas
that are exposed to storms and powerful waves. It is an object
of the invention to provide a wave-powered generator, in
which only one of the main elements of the wave-powered
generator, a float, is located in the area in which the wave
power is effective, whereas the rest of the wave-powered
generator, a main module, is placed submerged below the sea
surface and at a depth at which the wave substantially do not
propagate, possibly on land, the float and the main module
being connected, with tensile strength, by stays and/or wires,
chains or similar, for transmitting wave motion from the float
to the main module.

[0008] The invention relates, in particular, to a device for a
wave-powered generator which is provided with at least one
energy generator, in what follows also referred to as a gen-
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erator, and lines for transferring energy to a consumer, for
example electrical current or liquid under pressure, the wave-
powered generator comprising a main module preferably
anchored sub-merged in water, and a running rod disposed
substantially vertically, provided with longitudinal, continu-
ous side surfaces, being connected to the main module, the
running rod being supported in a rolling or sliding manner by
several means arranged on the main module, and at least one
sheave being arranged to roll on one of the side surfaces of the
running rod as the running rod moves in its longitudinal
direction. Furthermore, the device includes transmission
means which are arranged to translate the rotating motion of
the at least one sheave into rotation of the at least one gen-
erator; and a float which is floatingly disposed in an area
affected by waves and is connected to the running rod by a
driving line substantially of tensile strength. Alternatively, the
main module is placed on land.

[0009] Ina first aspect the invention relates in particular to
a device for a wave-powered generator which is provided
with at least one energy generator and lines for transferring
energy to a consumer, characterized by the wave-powered
generator comprising:

[0010] a main module provided with

[0011] a running rod which is substantially vertical in
its longitudinal extent,

[0012] several supporting devices arranged around a
portion of the running rod and arranged for sliding or
rolling movement on surface portions extending in the
longitudinal direction of the running rod,

[0013] atleast one sheave which is arranged to roll on
the running rod, and

[0014] transmission means which are arranged to
translate the rotating motion of the at least one sheave
into rotation of the drive shaft of the at least one
generator; and

[0015] afirst float which is floatingly disposed in an area
affected by waves and which is connected to the running
rod by a primary driving line substantially of tensile
strength.

[0016] The transmission means are advantageously
arranged to translate the rotating motion of the at least one
sheave into rotation of the drive shaft of the at least one
generator in a predetermined direction.

[0017] The transmission means comprise transmission ele-
ments which are arranged to maintain the predetermined
direction of rotation of the at least one generator Indepen-
dently of the direction of rotation of the at least one sheave.
[0018] The transmission means comprise at least two free-
wheels.

[0019] The opposite contact surfaces of the at least one
sheave and running rod are provided with means which are
arranged to prevent or reduce the risk of slippage during the
rotation of the at least one sheave on the running rod.

[0020] The opposite contact surfaces of the at least one
sheave and running rod are preferably cogged.

[0021] Advantageously, the main module is disposed sub-
merged in water and is floatingly disposed above the seabed
as it is provided with buoyancy elements and also anchoring
means secured to the sea floor.

[0022] Alternatively, the main module is disposed on land.
[0023] Preferably, the running rod is provided with ballast.
[0024] Advantageously, the generator is an electric genera-
tor or a pump.
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[0025] In a second aspect the invention advantageously
relates to a second float which is floatingly arranged in an area
affected by waves and is connected to the primary driving line
via a secondary driving line and positioned at a distance from
the first float.

[0026] Preferably, the distance between the first and second
floats substantially corresponds to the wave frequency and
wave length, so that when the first float is on a wave crest, the
second float is in a wave trough.

[0027] In a third aspect the invention advantageously
relates to a device for adjusting the distance between the first
and second floats, the device comprising a positioning guide
for the secondary driving line, means for registering the speed
and direction of motion of the first driving line, means for
calculating a desired distance between the first and second
floats and means which are arranged to adjust the distance
between the positioning guide and the running rod.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In what follows, there is described a non-limiting
example of a preferred embodiment which is visualized in
accompanying drawings, in which:

[0029] FIG. 1 shows a principle drawing of a wave-pow-
ered generator with a vertical running rod according to the
invention, viewed from the side;

[0030] FIG. 2 shows, on a larger scale, a principle drawing
of a section of the wave-powered generator according to the
invention, viewed from the opposite side relative to FIG. 1;
and

[0031] FIG. 3 shows a wave-powered generator, in which
the main module is placed on land.

DETAILED DESCRIPTION

[0032] A main module 1 is anchored to a sea floor 6 by
means of stays 32 and anchors 33. The main module 1 is
provided with buoyancy elements 31 in order to float in a
submerged state. Further, the main module is provided with a
generator 19.

[0033] A running rod 2 is arranged vertically, extending
through the main module 1. The main module 1 is provided
with several supporting devices for the running rod in the
form of guiding sheaves 13 which are arranged to roll on one
ofthe side surfaces of the running rod 2. By means of a driving
line 4, the 5 running rod 2 is connected to a float 3 floating on
a water surface 5. The main module is further provided with
two sheaves 15a, 155.

[0034] The main module 1 comprises transmission means
10 in the form of two free-wheels 16a, 165, each coaxially
connected to a sprocket 16¢ and to the sheaves 154, 155, and
interconnected by a drive chain 17 via the two sprockets 16¢.
One free-wheel 164 is also connected to a gear 184 which is
connected via gearwheels 185, 18¢, 184 to the drive shaft 194
of the generator 19. The sheaves 154, 155 are arranged to
engage a cogged portion (not shown) on the running rod 2, the
cogged portion extending along substantially the entire lon-
gitudinal extent of the running rod 2. The transmission means
10 provide for the drive shaft 194 of the generator 19 to be
rotated when the drive 10 is set into rotation by the vertical
movement of the running rod 2 relative to the main module 1.
[0035] It is obvious to a person skilled in the art that the
length of the running rod 2 must be adapted for the dimen-
sioning wave height in the area in which the wave-powered
generator is to be disposed.
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[0036] The free-wheels 164, 165 are arranged to be driv-
ingly engaged in a first direction of rotation. By the fact that
the freewheels 16a, 165 are each connected to a respective
one of the sheaves 154, 155 which are arranged on respective
sides of the running rod 2, one particular direction of motion
of the running rod 2 will provide one particular direction of
rotation of one sheave 154, whereas the other sheave 1556
rotates in the opposite direction. By the interconnection of the
free-wheels 16a, 165 by way of the drive chain 17, the first
and second free-wheels 16a, 165 will alternately provide for
the drive shaft 194 of the generator 19 to be kept in a unidi-
rectional direction of rotation as the running rod alternates
between the upward and downward directions of motion.
[0037] To the running rod 2 ballast 70 is connected via an
extension 4a of the driving line 4.

[0038] The generator 19 is connected to a distribution grid
(not shown) for energy via lines 35 extended along the sea
floor 6 to a consumer, for example a switching and trans-
former station (not shown) in the event of the generator 19
being an electric generator.

[0039] 1In an AC power station the generator 19 comprises
means (not shown) known per se, to maintain a prescribed
frequency on the alternating voltage produced.

[0040] At the first driving line 4 for the first float 3 there is
arranged a second driving line 9, this being connected to the
ballast 70 and being connected at an opposite end to a second
float 8 floating on the water surface 5 at a distance from the
first float 3. The second driving line 9 is passed over several
sheaves 91 which are anchored to the sea floor 6.

[0041] For the second driving line 9 there is arranged a
device 7 for adjusting the distance between the first and the
second floats 3, 8. The device 7 comprises a driving line guide
71, an actuator 72 attached to the main module 1, means (not
shown) for registering the speed of the running rod 2, means
(not shown) for calculating the wave frequency at the first
float, a connection 73 of tensile strength between the driving
line guide 71 and the actuator 72 and also buoyancy means 74
and anchoring means 75, 76.

[0042] FIG. 3 shows an exemplary embodiment, in which
the main module 1 is placed on land 60, the primary driving
line 4 being extended via sheaves 91, 914 to one end of the
running rod 2 which is connected, at its other end, to the
ballast 70 via the driving line extension 4a. The driving line
extension 4a is passed over a sheave 915 which is arranged on
a tower la, and here the ballast is hangingly disposed in the
tower la. Beyond that, this exemplary embodiment is
arranged as described for corresponding elements above.
[0043] By the upward movement of the first float 3 by the
waves 5, the runnning rod 2 is lifted as the sheaves 154, 156
rotate on the side surfaces of the running rod 2. Because of the
orientation of the free-wheels 164, 165 and the interconnec-
tion of the sprockets 16¢ via the drive chain 17, the rotation of
only one of the sheaves 154, alternatively 155, will be trans-
mitted to the drive shaft 19a of the generator 19 via the
gearwheels 184, 185, 18c¢, 184 as the free-wheel 164, alter-
natively 165, on the other one of the sheaves 154, alternatively
155, is running freely. As the float 3 begins to fall into a wave
trough, the running rod 2 is lowered by means of gravity and
the ballast 70 as a downward movement reverses the direction
of rotation of the sheaves 154, 155 rolling on the side surfaces
of the running rod 2. In this situation the other one of the
sheaves 154, alternatively 155, takes over the operation of the
generator 19, as the free-wheel 164, alternatively 165, of this
sheave 154, alternatively 154, engages, whereas the other one
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of the freewheels 164, alternatively 164, runs freely. Thereby
a uniform direction of rotation is maintained in the generator
19.

[0044] There are other possibilities for maintaining a uni-
form direction of rotation in the generator 19 by an alternating
direction of motion of the running rod 2. For example,
sheaves may be used only on one side of the running rod 2,
this/these being provided with two free-wheels (not shown)
arranged in such a way that, for example, one free-wheel is
rotating r clockwise and the other one is rotating anti-clock-
wise, and one free-wheel is transmitting rotation via an inter-
mediate wheel, so that the opposite direction of rotation of the
sheave is turned into the right direction.

[0045] When the distance between the first and second float
3, 8is adjusted to the wave frequency and length in such a way
that when the first float 3 is on a wave crest, and the other float
81s, at the same time, in a wave trough, the movements of the
floats 3, 8 will cooperate to enable the production of larger
amounts of energy than if the running rod 2 is to be pulled
down only by means of gravity and the weight of the ballast
70.

[0046] Thedistance between the floats 3, 8 is adjusted to the
wave frequency and length by the device 7 registering the
movement of the running rod 2, calculating the frequency
and, by means of the actuator 72, adjusting the driving line
guide 71 in such a way that the second float 8 takes a distance
to the first float 3, such that it is in an opposite phase to the
movement of the first float 3.

[0047] By arranging the main module 1 as shown in F1G. 3,
some structural and operational problems caused by water,
especially sea water, will be reduced or eliminated.

[0048] To apersonskilled in the art it is obvious to combine
a wave-powered generator with floats 3, 8 in opposite phases
with a main module 1 placed on land 60.

What is claimed is:

1. A device for a wave-powered generator which is pro-
vided with at least one generator and lines for transferring
energy to a consumer, wherein the wave-powered generator
comprises:
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a main module provided with a running rod which is sub-
stantially vertical in its longitudinal extent, several sup-
porting devices arranged around a portion of the running
rod and arranged for sliding or rolling movement on
surface portions extending in the longitudinal direction
of the running rod, at least one sheave which is arranged
to roll on the running rod, and transmission means which
are arranged to translate the rotating motion of the at
least one sheave into rotation of the drive shaft of the at
least one generator; and

a first float which is floatingly disposed in an area affected
by waves and which is connected to the running rod by
a primary driving line substantially of tensile strength,
wherein the transmission means further comprises at
least two free-wheels and in that, when the main module
is floatingly above the sea floor, it is provided with
buoyancy elements and anchoring means secured to the
sea floor.

2. The device in accordance with claim 1, wherein the

generator is an electrical generator or a punip.

3. The device in accordance with claim 1, wherein it com-
prises a second float which is floatingly arranged in the area
affected by waves, being connected to the primary driving
line via a secondary driving line and positioned at a distance
from the first float.

4. The device in accordance with claim 1, wherein it com-
prises a device for adjusting the distance between the first and
second floats, which comprises a positioning guide for the
secondary driving line, means for registering the speed and
direction of motion of the first driving line, means for calcu-
lating a desired distance between the first and second floats
and also devices which are arranged to adjust the distance
between the positioning guide and running rod.

5. The device in accordance with claim 1, wherein the
distance between the first and second floats corresponds sub-
stantially to the wave frequency and wave length, so that
when the first float is on a wave crest, the second float is in a
wave trough.
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A device for a wave-power plant includes a self-tightening
winch with a winch wire. The winch wire is connected to a
wave-power-operated absorption element at one end and to a
cable drum of the self-tightening winch at the other end. The
cable drum is connected via a transmission system to an
outgoing axle which is further connected to an energy-storing
restructuring machinery. Movement of the absorption ele-
ment results in rotation of the cable drum and transmission of
mechanical energy from the cable drum to the rotating out-
going axle and to the restructuring machinery. The transmis-
sion system includes a slip clutch connected to the outgoing
axle, which protects the components in the wave-power plant,
particularly the components in the restructuring machinery,
against overload in the event of large wave amplitude. The
engagement of the slip clutch varies depending on the rota-
tional speed or torque of the outgoing axel, thereby providing
a maximum threshold for how great an amount of energy per
time unit can be transmitted to the outgoing axle and to the
energy-storing restructuring machinery.
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DEVICE FOR A WINCH-OPERATED
WAVE-POWER PLANT

[0001] In the patent literature over 1000 devices are
described for exploitation of ocean-wave energy. At one time
it was not realized that a successful commercial exploitation
of energy from ocean waves requires the plants to have one (or
more) inherent or ancillary overload protection mechanism
(s). Amongst developers of newer wave-power systems, how-
ever, more and more operators have been beginning to take
this essential factor into consideration: in one way or another,
the plants must include a strategy for tackling the encounter
with the most extreme waves. The traditional manner of tack-
ling this problem has been to provide the plants and the
components therein with an extremely robust design. This has
proved to be difficult, and insofar as it has succeeded, it has
produced unprofitable wave-power plants. Some of the newer
wave-power technologies, including mechanisms for over-
load protection, are as follows: Pelamis from the Scottish
company Ocean Power Delivery Ltd. (www.oceanpd.com),
Danish Wave Dragon (www.wavedragon.dk) and U.S. Pat.
No. 5,808,368. The common feature of the overload protec-
tion mechanisms in these is that they are based on registration
of sea state prior to implementation of overload protection
measures, which have to be controlled manually or by means
of computer technology, and that the overload protection
measure can be described as analogous to what tortoises do
when they withdraw their heads into their shell. These “tor-
toise strategies” involve the plant’s energy-producing parts
being reinforced, contracted or submerged under water, with
the result that they no longer (or to a lesser extent) are exposed
to the wave forces. At the same time the energy production
comes to a stop or is greatly reduced.

[0002] In contrast to this, the type of wave-power plant
described herein has an instant-acting overload protection
mechanism based on simple mechanical principles, which
does not require manual or computer control, and which does
not put the plant temporarily out of operation. The overload
protection mechanism makes the plant type robust, thereby
permitting the plants to be designed for a greater degree of
direct interaction with the waves (compared with e.g. Pela-
mis). This provides improved efficiency.

Known Technology on which the Invention is Based.

[0003] The invention is based on three elements:

[0004] 1. Wave-power plant with floating body/bodies
which absorb wave energy.

[0005] 2. Winch characterised in that the end of the
winch wire is secured to the cable drum in a manner
which enables the wire to be wound out and in without
there being any counter-corresponding wire end which
has to be correspondingly wound in and out.

[0006] 3. Overload-protection slip clutch which slips
when the output which is being attempted to be chan-
nelled/directed into the system reaches the maximum
level which the components in the system are designed
to withstand.

[0007] Individually or only together in twos, the elements
are not capable of solving the problem addressed by the
invention described herein: to exploit energy from ocean
waves with sufficiently low cost design of the plants without
the plants and the components therein being destroyed by
extreme waves. All three elements must be present in order to
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provide profitable exploitation of wave power. A combination
of this kind will offer a substantial cost reduction for the
plants, a cost reduction which is so great that it will probably
involve a technical-commercial breakthrough for wave power
as energy supply.

[0008] Some known technical solutions will now be listed
where some of the above-mentioned elements are repre-
sented.

Winch-Operated Wave-Power Plants

[0009] There are a number of wave-power systems where
accumulation (absorption) of wave energy is conducted by
floating bodies and where transmission of this energy is
effected by wires attached to and wound in on a winch. See,
e.g. US 2005/0121915 and GR 990100030. However, these
lack the overload-protection slip clutch/connection or the like
which is necessary to allow the plants to survive the encounter
with the most extreme waves in the worst stormy episodes
without requiring to have such a robust design that they
become unprofitable.

Slip Clutch

[0010] The overload-protection slip clutch is a basic com-
ponent in the invention. In principle such a slip clutch can be
constructed in two ways:

[0011] Slip clutch type 1. where the clutch slips when a
specific angular velocity with regard to the clutch’s rotation is
exceeded.

[0012] Slip clutch type 1I: where the clutch slips when a
specific torque is exceeded.

[0013] Since transmitted output is equal to the product of
transmitted angular velocity and torque, both of these clutch
types individually will act in such a manner that they set a
threshold for the maximum amount of output that can be
transmitted—provided that the machinery to which the out-
put s transmitted is of such a commonplace nature that torque
and angular velocity are functions of each other, with the
result that the torque is constant at constant rotational veloc-
ity.

Slip Clutch (Type I) for Setting the Threshold for
Rotational Speed

[0014] Two similar variants of the slip clutch type where
the slipping is determined by the angular velocity are depicted
in FIG. 2 and FIG. 7. In principle a slip clutch of this kind is
a negative feedback mechanism composed of a speedometer
and a clutch. It has a function which is closely related to the
function of the flywheel governor in James Watt’s original
steam engine, where rotational speed over a specific precali-
brated value resulted in the steam pressure from the boiler
being discharged another way, thereby protecting the rotating
parts (piston, crankshaft, flywheel, etc.) in the steam engine
against overload in the form of too high speed.

[0015] There are components on the market, viz. a type of
cam clutches, which amongst other things have the ability to
disengage when the rotational speed is too high. At low speed
a spring system ensures that the clutch is locked. Disengage-
ment is determined by the centrifugal force on the cams which
at high rotational speed overrides the spring force. Tsub-
akimoto Chain Co. is a supplier of such cam clutches, series
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type designation: BREU. See http://tsubakimoto.com and
http://tsubakimoto.com/tem/pdf/CAM_BREU.pdf.

Winch with Slip Clutch (Type II) for Setting the
Threshold for Torque

[0016] Connecting a winch to a transmission system con-
taining a slip clutch which slips when the torque transmitted
from the incoming axle exceeds a predetermined value is a
technique used in sports fishing rods. A standard sports fish-
ing rod reel has this particular functionality built into it: it
slips if the line is jerked too hard. (In principle a sports fishing
rod reel can be regarded as a winch). However, there is no
known clutch which slips when the torque transmitted
exceeds a specific threshold value, used or proposed foruse in
a winch-operated wave-power plant where the winch has the
wire wound in on and secured to it.

Wave-Power Plant with Slip Clutch (Type II) for
Setting the Threshold for Torque

[0017] The idea of making a wave-power plant containing
a slip clutch which slips when the torque exceeds a specific
threshold value is mentioned in a German patent application
from 1978: DE 2850293. The wave-power plant described in
the German patent application is not winch-operated, but
operated by a wire running one single time over a pulley,
without the wire being attached to the pulley and without one
being able to say that the wire is wound into the pulley as in
the case of a winch. A substantial difference is involved
herein. This substantial difference is based on the fact that, in
contrast to a winch-secured wire, a wire which runs loosely
over a pulley is dependent on a counterweight in the opposite
end of the wire in order for the wire to be kept in position over
the pulley. Tt also involves the wire being wound into the
opposite end of the wire when the end which is connected to
the wave absorption body is unwound, and vice versa. The
physical dimensions of the system therefore necessarily
become considerably larger, in at least one dimension.
Whether the wire dangles loosely with a counterweight at the
end, or the wire and the counterweight are built into a cylinder
housing as in DE 2850293, the system will have a long,
projecting movable part which is exposed to wind and waves,
thereby making the system more vulnerable. Consequently it
will be more expensive to design in a way that enables it to
withstand the encounter with the forces of nature. On the
other hand, a wire which is secured to and wound in on a cable
drum permits a much more compact design at a lower cost,
where the system is better protected against wind and waves.

Other Disengagement Mechanisms used in
Connection with Wave Power

[0018] A patent publication, WO 96/30646, describes a
wave-power plant with two floats (22 and 32) which are
moved by the waves, each transmitting this movement via
wires/cables (17 and 36) to a drum (16/28). From each of the
drums two wire ends extend, each with a counterweight, a
hanging weight (20/34). The arrangement is such that the
weights have to be raised when the float pulls out its pair of
wire ends, and vice versa: the weight is lowered, pulling back
with it the pair of wires when the forces which caused the float
to pull out the pair of wires at the opposite end become less
than the mass of the weights. With such an arrangement it is
impossible to wind all the wire in on the drum, as opposed to
the winch described under patent claim 1 in the present patent
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application. The sum of the lengths of the pieces of wire
attached to the weight (20/34) and the pieces of wire ending in
the float (22/32) is constant. As in the case of DE 2850293,
therefore, it can be established that such an arrangement does
not result in the compact solution achieved with a winch
where one end of the wire is attached to the cable drum (see
patent claim 1), and which is necessary in order for a wave-
power plant, without incurring unreasonably large design
costs, to be capable of surviving the encounter with the at
times extreme forces of the ocean waves in the event of storms
and hurricanes. The arrangement in WO 96/30646 is at no
point referred to as a winch. In this connection it may be
described as an anchor windlass with a hanging weight at the
opposite end of the wire, in the same way as DE 2850293.
[0019] WO 96/30646 mentions “slip clutches or other
mechanical means” as a possible arrangement between shaft
(12) and alternating current generator, alternator (54). No
further description or account is given of these “slip
clutches”, neither of their design or arrangement. Only the
purpose is mentioned. This purpose is quite different from
overload protection, namely: to assist in keeping the rota-
tional speed in the alternator (54) constant “regardless of the
drive power produced by floats 22 and 32”, in order that the
current delivered by the alternator should be of such a quality
with regard to switching frequency (+1 Hz, see line 3, page 6)
thatitcan be fed directly into the electricity grid. Thus itis not
a question of trying to limit the output from the waves into the
restructuring machinery to any specific maximum threshold
value, as is the object and function of the overload-protection
slip clutch in the present patent application. Instead the object
is to attempt to prevent the waves’ varying motion from caus-
ing variable rotational speed in flywheel (52) and alternator
(54). Itis also clear that the author of WO 96/30646 has in no
way considered the theme of overload protection.

[0020] Another patent publication, U.S. Pat. No. 4,228,
360, discloses a winch-operated wave-power plant with a
self-tightening winch, containing a clutch (70) in the trans-
mission system between cable drum (12) and a mechanical
energy-storage system. The mechanical energy-storage sys-
tem in U.S. Pat. No. 4,228,360 comprises the following com-
ponents in connection order from the cable drum:

[0021] transfer gear (18)

[0022] energy storage element (20) with related part
components

[0023] step-up gear system (42)

[0024] flywheel (50)

[0025] The flywheel (50) is further connected to a genera-
tor. The flywheel is also connected to a flywheel governor
(80) which regulates a clutch control (82). The clutch control
(82) is an agent for disengaging the clutch (70), controlled by
the flywheel governor (80). The cable drum (12) is therefore
disengaged from the energy-storage system if the speed of the
flywheel (50) exceeds a predefined threshold speed deter-
mined by the flywheel governor (80).

[0026] The purpose of the disengagement system in U.S.
Pat. No. 4,228,360 is not to ensure overload protection by
providing a maximum threshold for how much output (energy
per time unit) or how much power (mass or inertia multiplied
by acceleration) the waves can impose on the wave-power
plant and its components. U.S. Pat. No. 4,228,360 does not
mention overload protection of float and winch system and
energy-storage system. Overload protection is only consid-
ered for the flywheel (50), and only in the form of protection
against being supplied with more energy when the energy
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content in the flywheel exceeds a certain limit and not in the
form of overload protection against being supplied with too
great an output (energy per time unit) or from being influ-
enced by excessive forces.

[0027] The fact that the disengagement mechanism in U.S.
Pat. No. 4,228,360 deals with limiting the amount of stored
energy in the flywheel is directly expressed in patent claim 4
(page 10, line 41 and following):

[0028] “4. The apparatus as defined in claim 1 which fur-
ther comprises: clutch means (. . . ); and clutch control means
connected to said clutch means and responsive to said fly-
wheel governor means do disengage said clutch means when
a selected amount of energy is stored in said energy storage
flywheel.”

[0029] The disengagement mechanism in U.S. Pat. No.
4,228,360 sets a limit for how much energy, in the form of
rotating kinetic energy, the flywheel (50) may contain. It sets
no limit for how great an output or how great forces it is
possible for the waves to channel into the mechanical energy
store. Under given circumstances it may lead to overload. The
disengagement mechanism only comes into effect after any
overload forces and overload output have been channelled
into and through the mechanical energy store. U.S. Pat. No.
4,228,360 protects the flywheel (50) against the storage of too
much rotating kinetic energy. However, neither the flywheel
nor any of the energy-transmitting components in the system,
from float assay (2) to and including flywheel (50) are in any
way protected against excessive forces or excessive output
transmission from the waves. Disengagement of the clutch
(70) only occurs when the flywheel has been pre-saturated
with energy according to the disengagement velocity of the
flywheel determined by the flywheel governor (80).

[0030] Nor does the system described in U.S. Pat. No.
4,228,360, as it is proposed to be designed, give any inadvert-
ent overload protection, for before the flywheel governor (80)
can come into operation, the whole mechanical restructuring
and energy-storage machinery has to be accelerated to a given
disengagement velocity. Sinceit is proposed that this machin-
ery should contain a heavy mechanical spring: “heavy-duty
spiral spring” (page 5, line 19) with energy-storage capacity
for half the wave cycle, together with several gears, one of
which s proposed with a gear-up factor of 1 to 40 (page 7, line
14) and a flywheel on the fastest rotating axle, there is an
enormous inertia in the system from the cable drum (12) up to
and including the flywheel (50). Before the flywheel has
reached the disengagement velocity, the waves will have had
abundant opportunity to subject wire, winch and the mechani-
cal energy store to forces and output influxes which in prac-
tice are only limited by the potential in the waves themselves.
[0031] Thus the components in the power plant (wire,
winch, axles, gear etc.) must be of sufficiently robust design
to withstand the extreme forces and the enormous energy flux
which such a system can and will absorb from an extreme
wave.

DESCRIPTION OF WAVE-POWER
TECHNOLOGY

[0032] The invention will now be described in more detail
by means of examples of embodiments and with reference to
the accompanying figures.
[0033] FIG. 1a illustrates the principle of the device
according to the invention.
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[0034] FIG. 15 illustrates an exemplary embodiment
according to the invention of winch, winch axle and slip
clutch for setting the threshold for maximum transmissible
output.

[0035] FIG. 2 illustrates an embodiment of a slip clutch
type 1, designed with two arms.

[0036] FIG. 3 illustrates an embodiment of an absorption
element (floating buoy).

[0037] FIG. 4 illustrates an embodiment of a winch unit
with wire, anchor construction on seabed and absorption
element.

[0038] FIG. 5 illustrates an embodiment of a winch unit
with submerged buoyancy body and an embodiment of a
tightening system.

[0039] FIG. 6 illustrates a second embodiment of a tight-
ening system with two winch units with submerged buoyancy
body.

[0040] FIG. 7 illustrates a second embodiment of a slip
clutch type 1 with plate clutch surfaces.

TRANSMISSION SYSTEM WITH BUILT-IN SLIP
CLUTCH

[0041] FIG. 1a illustrates the principle of the device
according to the invention. An absorption element 1, which is
afloating body, is anchored by wire 4 to awinch 2 with acable
drum 3 in such a manner that the cable drum 3 is forced to
rotate when the wave forces move the absorption element 1 in
the winch wire’s 4 longitudinal direction. The winch 2 may,
for example, be anchored to the seabed, be located on land or
floating in the water integrated in an absorption element 1.
The energy absorbed from the waves in this manner is trans-
mitted in the form of rotating motion from the cable drum to
restructuring machinery 5, converting the absorbed energy
into mechanical stored energy. This mechanical stored energy
may, for example, be in the form of mxgxh (the product of
mass, acceleration due to gravity and vertical height), pxV
(pressure multiplied by volume), or YaxIxw® (moment of
inertia multiplied by the square of angular velocity divided by
2). The restructuring machinery is not discussed further
below as this is not the subject of the patent.

[0042] The transmission of energy from the winch 2 to the
restructuring machinery is conducted via a transmission sys-
tem 26 and an outgoing axle 10 which are interconnected.
[0043] The transmission system 26 comprises a clutch (not
illustrated in FIG. 1a) which slips if the output, in the form of
the product of rotating speed and torsional force (angular
velocity multiplied by torque), which is being attempted to be
transmitted from the cable drum to the restructuring machin-
ery, exceeds a certain value. This means that output will
always be transmitted to the restructuring machinery, but that
this output will not exceed the threshold value/limit of toler-
ance of the restructuring machinery.

[0044] A principle for design of such a slip clutch for lim-
iting maximum permitted transmitted output involves allow-
ing the clutch to slip as the rotational speed (angular velocity)
of the clutch’s outgoing axle reaches a certain level. The slip
clutch thereby provides an upper limit for how fast the rotat-
ing motion which is directed into the restructuring machinery
can be. FIGS. 15, 2 and 7 illustrate examples of embodiments
of slip clutches according to this principle.

[0045] In these embodiments the slip clutch 6 comprises
adjacent friction surfaces 8, 7a-b on an incoming axle 9 and
an outgoing axle 10 respectively, and these adjacent friction
surfaces are pressed against each other. The compressive
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force, however, is not constant. It is regulated as a function of
the outgoing axle’s rotational speed by means of the centrifu-
gal forces acting on the clutch when it rotates. When the
rotational speed on the outgoing axle exceeds a certain, preca-
librated threshold value, the centrifugal forces will ensure
that the adjacent friction surfaces are disengaged from each
other, but only just, with the result that the transmitted rota-
tional speed remains equal to the threshold value as long as
the incoming rotational speed is higher than or equal to the
threshold value. While the rotational speed is lower than the
threshold value, the slip clutch will act as a fixed clutch.
[0046] The adjacent friction surfaces will become worn
down over time when the wave-power plant is in operative
condition. They should therefore be replaceable like the
plates on a car clutch. The robustness of the system is further
reinforced by the mechanism which presses together the
replaceable friction surfaces 7a-b, 8 coming to a stop when
the distance between the pedestal surfaces 11a-b and 12 on
which the replaceable friction surfaces are attached becomes
smaller than a certain number of millimetres. When/if the
friction surfaces then become completely worn down, the
clutch will slip so much that virtually no transmission takes
place of rotational motion to the outgoing axle.

[0047] The effect of the above-described robustness-rein-
forcing arrangement is as follows: as the friction surfaces
become worn, the efficiency of the system will gradually be
reduced, instead of the system being exposed to even greater
wear due to the wear. [n other words: the arrangement causes
wear to become wear-limiting.

[0048] In practice a slip clutch which slips when the rota-
tional speed is too high could be constructed in various ways.
In the examples in this document, the feedback mechanism
which provides varying coupling/degree of disengagement is
specified as a flywheel governor, inspired by the famous
rotating steam pressure governor which James Watt used in
his epoch-making steam engine in the 18" century, and which
before that was employed to regulate the compressive force
between the millstones in windmills (although coupled in the
opposite manner in this case, so that the compressive force
between the millstones increased when the windmill’s speed
increased). It is essential for this flywheel governor to be
mounted in such a way that its rotational speed is dependent
on the outgoing axle’s rotational speed, and not the incoming
axle’s rotational speed. (The outgoing axle is the axle to
which the output is transmitted. The incoming axle is the axle
from which the output is transmitted). In this document “dis-
engagement” refers to a mechanism for varying coupling. A
possible design involves allowing a spring device 13 to press
the clutch surfaces 7a-b, 8 against each other, see FIG. 2 and
FIG. 7. Two or more raisable arms 14a-5 with a certain mass,
possibly with a lead weight 154/b at the end of each arm, are
attached on opposite sides of outgoing axle 10. When the
arms are lifted up from the outgoing axle, the clutch surfaces
are pulled away from each other. In this way the centrifugal
forces will cause the clutch to slip when the outgoing axle’s
rotation reaches a specific threshold velocity. With this rel-
evant design, an additional functionality is achieved: the rais-
able arms 14a-b help to stabilise the outgoing axle’s rota-
tional speed when the threshold velocity has been achieved.
This 1s because the angular velocity of the rotating mass is
altered as a function of the variation of the radius when the
arms are raised and lowered.

[0049] Itis also possible to envisage an electronically con-
trolled feedback mechanism, where a motor or an electro-
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magnet with variable strength arranges for the compressive
force in the clutch to be adjusted according to the rotational
speed which the outgoing axle has at any time.

[0050] A wave-power-operated winch with slip clutch for
setting the threshold of maximum transmissible output will
be able to be constructed in a great many different variants. In
addition to the slip clutch 6, the transition between cable drum
3 and outgoing axle 10 may contain one or more axles with
associated clutches, for example a free-wheel (one-way
clutch), and possibly one or more gears in some form or other.
[0051] Theclutchtypes described above, both the mechani-
cally designed slip clutch and the electronically controlled
feedback mechanism, are slip clutches whose mode of opera-
tion is characterised in that they set an upper limit for how fast
the outgoing axle can rotate. Transmitted output is equal to
the product of transmitted angular velocity and transmitted
torque. By setting a threshold for how high velocity is per-
mitted to be transmitted in the rotating clutch, a threshold is
simultaneously set for many watts of power output can be
channelled into the restructuring machinery, given that the
resistance offered by the restructuring machinery (the torque
acting on the outgoing axle 10) is constant when the rotational
speed is constant.

[0052] A simpler, though less wear-resistant alternative,
involves the use of an ordinary slip clutch where the compres-
sive force between the clutch surfaces is fixed, thereby setting
an upper limit for how powerful rotation (how great torque)
can be transmitted. For the restructuring machinery the out-
come of this will be the same, viz. that the output channelled
into the restructuring machinery cannot be greater than the
threshold value determined by the product of transmitted
angular velocity and torque.

[0053] Regardless of the design, the basic concept is that
the wave-power plant should be capable of withstanding the
worst extreme waves because it does not try to resist the
waves when the wave forces therein become too great, but
instead gives way and allows most of the output in the extreme
waves, the destructive energy peaks, to pass and remain in the
sea.

Design of the Absorption Element

[0054] The absorption element is anchored at the end of the
wire 4 which runs in and out on the aforementioned winch 2.
Amongst the multitude of possible designs of the absorption
element, the following is a suitable example: a tubular or
sausage-shaped floating body 1 is anchored by two equally
long upper wires 16a-b, one at each end of the floating body,
see FIG. 3. The opposite ends of the upper wires (the ends
which are not anchored to the floating body) meet at a central
connecting point 17. When the wave-power plant is in opera-
tive condition, the central connecting point will be located
below the ocean surface. From the central connecting point a
main wire descends towards the seabed. (This main wireis the
same as the winch wire 4). The actual winch may be located
on the seabed. The winch wire 4 will then run directly from
the winch vertically upwards to the central connecting point
17. Alternatively, the winch may be located on shore, in which
case the winch wire may run from the winch through a pulley
18 anchored on the seabed before extending up to the central
connecting point.

[0055] With a tubular or sausage-shaped floating body of
this kind, doubly moored by two upper wires attached to a
central connecting point further anchored by the main wire,
the floating body will normally be positioned with the broad-
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side along the wave front, regardless of wave front direction.
This provides the greatest possible energy absorption. In one
embodiment, in one of the upper wires a weak link 19 is
inserted, which is weaker than the other elements in the wire
and mooring system. The weak link 19 may be formed by
changing the diameter of one of the upper wires, connecting
one of the upper wires to a material with different breaking
strength, etc. The effect of this is as follows: if the wave forces
become too violent, causing something to break, it is this
weak link that breaks first. The floating body will then take up
a position with the broadside across the wave front. The
floating body’s capability—and possibility—of absorbing
energy from the ocean waves thereby becomes substantially
less. This should have the effect of reducing the extent of the
damage in the event of sea damage.

[0056] In one embodiment of the invention, between main
wire 4 and central connecting point 17, a strong shock-ab-
sorbing spring 20 is inserted which is intended to take up the
strain of powerful jerks in the wire during start-up, i.e. at the
beginning of a wave cycle during periods of violent waves.
The shock-absorbing spring is designed so as to compensate
for undesirable inertia in the system due to movable mass
elements which are set in motion at the start of each wave
cycle: wire, cable drum, axles, any gears, slip clutch, etc.

Design of a Wave-Power Plant with Winch,
Transmission System and Restructuring Machinery
Located on Shore

[0057] See FIG. 4. In this design, the wave-power plant
consists of the following parts:

[0058] A floating wire-anchored absorption element 1.

[0059] A pulley 18 attached to an anchor 21 on the sea-
bed.

[0060] A winch 2 which arranges for the transmission of

power motion absorbed by the absorption element to
restructuring machinery 5 via a transmission system
containing a slip clutch as described under the section
“Transmission system with built-in slip clutch” above.

[0061] The absorption element may be designed as
described in the section “Design of absorption element” and
as illustrated in F1G. 3, or it may take any form whatever as
long as it floats and is wire-anchored. The pulley 18 is
attached to an anchor base 21 located on the seabed. The
winch wire 4 extends slantingly downwards from the shore
out into the water, down to the seabed where it runs through
the pulley 18 and subsequently vertically upwards towards
the surface where it anchors the absorption element 1.

Design of the Winch Tightening System

[0062] A wave-power-operated winch as described in this
document will not work without a system for tightening the
winch. There are several different system solutions to choose
among. A hydraulic accumulator will be a suitable alterna-
tive. Other possible system solutions are as follows (not listed
in order of priority):
[0063] 1. Tightening of winch wire by means of self-
tightening mechanical spring device.
[0064] 2. Tightening of winch wire by means of reverse-
wound tightening wire with a buoyancy body sub-
merged in water attached to the end. See FIG. 5.
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[0065] 3. Based on 2, but where two winches share the
same buoyancy body. See FIG. 6.

Tightening System Solution 1 (Not Shown)

[0066] The winch is tightened by an inbuilt/integrated
mechanical spring device which is arranged so that the spring
is tightened as the winch wire is pulled out. When the force/
forces pulling out the winch wire cease or decrease suffi-
ciently, the spring system will arrange for the winch to be
rewound. The spring is strong enough to keep the winch wire
4 taut.

Tightening System Solution 2 (FIG. 5)

[0067] This system solution is most practical if the winch is
placed on the seabed, see FIG. 5, but it is not essential for the
winch to be placed in this manner. The winch may also be
located on shore. A tightening wire 23 is reeled in on a
tightening drum located on the same axle as the cable drum.
The tightening drum has a smaller radius than the cable drum.
The tightening wire 23 and the main wire 4 are wound in on
their respective drums in the opposite direction to each other:
if the main wire is wound in in a clockwise direction, the
tightening wire has to be wound in in an counterclockwise
direction, and vice versa. The tightening wire runs through a
pulley 18 anchored to the seabed. The pulley is fixed to an
anchor base 21 which, if the winch is placed on the seabed, is
horizontally displaced some distance from the winch. From
there the tightening wire extends vertically for some distance
upwards in the water where its end is attached to a buoyancy
body 24, which is pure and simply an oblong bouy or hose-
shaped body whose specific weight is lighter than sea water.
The buoyancy body is completely submerged in the water,
and located so far below the surface that it is not appreciably
influenced by the wave motion. If the main wire 4 is pulled out
as a result of the wave motion in the ocean surface, this will
cause the buoyancy body to be pulled down, but on account of
its buoyancy it will attempt to float up towards the surface,
thereby forcing the main wire to be reeled in again when the
wave forces abate.

Tightening System Selution 3 (FIG. 6)

[0068] Two winches 2a-b are placed on the seabed some
distance from each other, each operating an absorption ele-
ment 1a-b. Each has a tightening winch, but share tightening
wire 23, as illustrated in FIG. 6. In the same way as for
tightening system solution 2, the tightening wire is reeled in
on the tightening drums in the opposite direction to the main
wires 4a-b. The tightening wire is tightened by a submerged
buoyancy body 24 with a pulley 25 attached to the bottom.
The tightening wire runs through this pulley. Having two
winch units sharing a buoyancy body in this manner saves on
building materials, thereby enabling costs to be cut.

REFERENCE TERMS USED IN THE FIGURES

[0069] 1-—absorption element (floating body)

[0070] 2—winch

[0071] 3—cable drum

[0072] 4—winch wire (main wire)

[0073] 5—restructuring machinery

[0074] 6—slip clutch for setting threshold of maximum

transmissible output
[0075] 7—(a-b) friction surface(s) attached to outgoing
axle
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[0076] 8—friction surface attached to incoming axle

[0077] 9—incoming axle/winch axle/axle ahead of outgo-
ing axle

[0078] 10—outgoing axle

[0079] 11—(a-b) pedestal surface(s) attached to outgoing
axle

[0080] 12—pedestal surface attached to incoming axle

[0081] 13—spring device

[0082] 14—(a-b) raisable arms on outgoing axle

[0083] 15—(a-b) lead weight on the raisable arms

[0084] 16—(a-b) upper wires

[0085] 17—central connecting point

[0086] 18—pulley on the seabed

[0087] 19—weak link

[0088] 20—shock-absorbing spring

[0089] 21—anchor construction on the seabed/anchor base

[0090] 22—tightening drum

[0091] 23—tightening wire

[0092] 24—buoyancy body

[0093] 25—pulley attached to the buoyancy body

[0094] 26—transmission system

1. A device for a wave-power plant comprising a self-
tightening winch with a winch wire,

wherein the winch wire is connected to a wave-power-

operated absorption element at one end and to a cable
drum of the self-tightening winch at the other end and
the cable drum is connected via a transmission system to
an outgoing axle which is further connected to an
energy-storing restructuring machinery,

wherein movement of the absorption element results in

rotation of the cable drum and transmission of mechani-
cal energy from the cable drum to the rotating outgoing
axle and to the restructuring machinery,

wherein the transmission system comprises a slip clutch

connected to the outgoing axle, which protects the com-
ponents in the wave-power plant, particularly the com-
ponents in the restructuring machinery, against overload
in the event of large wave amplitude,

wherein the engagement ofthe slip clutch varies depending

on the rotational speed or torque of the outgoing axel,
thereby providing a maximum threshold for how great
an amount of energy per time unit can be transmitted to
the outgoing axle and to the energy-storing restructuring
machinery.

2. A device according to claim 1, wherein the axle of the
cable drum is connected to an intermediate axle through one
or more gears, and possibly a free-wheel before or between or
after the gears, and where the intermediate axle is further
connected to the outgoing axle via the slip clutch.

3. A device according to claim 1, wherein the slip clutch is
of such a nature that it slips if the angular velocity which is
being attempted to be transmitted to the outgoing axle
exceeds a predetermined threshold value.

4. A device according to claim 1, wherein the slip clutch is
of such a nature that it slips if the torque which is being
attempted to be transmitted exceeds a predetermined thresh-
old value.

5. A device according to claim 1. wherein the slip clutch
comprises adjacent clutch surfaces on an incoming axle and
an outgoing axle respectively which are pressed against each
other by means of spring force from a spring device, and in
connection with the outgoing axle a clutch mechanism con-
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sisting of two or more raisable arms attached to the outgoing
axle, each with a lead weight outermost at the end, which is
pressed in towards the axis by means of the force from the said
spring device, whereby the compressive force between the
adjacent clutch surfaces is adjusted as a function of the cen-
trifugal forces acting on the arms and the weights in such a
manner that the compressive force in the clutch decreases
when the rotational speed of the outgoing axel increases.

6. A device according to claim 1, wherein the slip clutch is
a clutch mechanism where the degree of engagement is
adjusted by means of an electronic regulating system con-
nected to the outgoing axle, with the result that the compres-
sive force between the clutch surfaces decreases as the rota-
tional speed of the outgoing axel increases.

7. A device according to claim 5, wherein the adjacent
clutch surfaces are replaceable and attached to respective
pedestal surfaces, and where the mechanism which presses
the clutch surfaces against each other contains a blocking
means which prevents the pedestal surfaces from coming into
contact with each other if the replaceable clutch surfaces
become completely worn down.

8. A device according to claim 1, wherein the absorption
element is connected via a shock-absorbing spring to the wire
which is reeled in on the cable drum, whereby the shock-
absorbing spring has the effect of taking up the strain of jerks
in the wire.

9. A device according to claim 1, wherein the absorption
element is a sausage-shaped floating absorption element dou-
bly moored at each end by two upper wires which are attached
with their opposite wire ends in a central connecting point
which is further connected via a shock-absorbing spring to
wire which is reeled in on the winch.

10. A device according to claim 9, where there is incorpo-
rated in one of the two upper wires a weak link which is
weaker than the other mooring elements, with the result that
it is this weak link and nothing else which is the first to break
in the event of overloading.

11. A device according to claim 1, wherein the absorption
element is connected by wire via a pulley attached to an
anchor on the seabed, to the winch located on shore connected
to a transmission system.

12. A device according to claim 1, wherein the winch is
self-tightening, being tightened by an inbuilt mechanical
spring system or the like.

13. A device according to claim 1, wherein the winch is
self-tightening, being tightened by a submerged buoyancy
body attached to a tightening wire reeled in on a tightening
drum whose radius is smaller than that of the cable drum,
where the tightening drum is fixed to the same axle as the
cable drum and where the tightening wire is reeled in on the
winch in the opposite direction of the winch wire, the tight-
ening wire running from the winch through a pulley attached
to an anchor on the seabed, before extending vertically up to
the buoyancy body.

14. A device according to claim 1, wherein two winches are
provided located on the seabed horizontally displaced some
distance from each other, both winches being tightened by
one and the same buoyancy body with a pulley, where a
reverse-wound tightening wire, which is commeon to the two
winches, runs through the pulley, thereby ensuring that both
the winch wires are kept taut.

® ook ok ok %
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