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UNITED STATES F

JFFICE.

TERRENCE DUFFY, OF SAN FRANCISCO, CALIFORNIA.

'WAVE-POWER Am_oompeessoe.

SPECIFICATION forming part of Letters Patent No. 54’7 2338, dated October 1, 1895
Anphcetmn filed May 17, 1890, Serml N, 549 630, (No model.)

To all whom it Tl CONCEFTL:

Be it known that I, TERRENCE DUFFY, a
citizen of the United Statee,_residing in the
city and county of San Francisco and State

of California, have invented certain new and

useful Improvements in Wave-Power Air-
Compressors, of which the follewmfr is a Speci-
fication. -

My invention relates to 1mprovements made
1n apparatus for ntilizing the force or power of
the waves in compressing and storing air for

a motive power, to drive maehmery, and to

perform other work in the various arts and
manufactures; and the invention consists in
certain novel construction and combination
of stationary frame, perpendicularly-moving
float, alr-compressing pumps, and Sstorage-
chamber producing a simple, durable, and
ceutmuen&lv-opemtmﬂ' alr-compressing ap-
paratus, as hereinafter explained and pointed
out in the claim, reference being had to the
accompanying drawmee formmﬂ' Dart ol this
specification.

Inthesaid drae'm g8, Higure 1 18 a perspec-

{1ve view of an apparatus constructed accord-
Ing to my invention with eight pumps. - Fig.
218 avertical section. [Fig. 3 is a vertical sec-
tion of ome pump. Figs. 4 and 5 are detail
Views.
A A B B indicate the principal parts of a
stationary framework in whieh the uprights

B Bareformed of piles driven firmly into posi-

tion in pairs and united by the horizontal tim-
bers Ainto astiff frame. Suchastructure may
be a part of a pier or a wharf extending into
deep water or a part of a break-water, where
the same may be found feasible. Where the
apparatus 18 located on a rough shore, it is
better to place the structure outside the line
of breakers, in order that it may receive the
regular beats or pulsations of the waves or

the swells as they follow one another toward
the shore.

“may be extended along the line of the shore
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for any desired distance, according to the
magnitude of the power which is to be sup-

plied, and in such case the apparatus will con-

sist of a number of floats C and a number of
pumps D D in gangs or sets connected to and
operated by a separate float, the pumps of

- ach float being coupled to a common tank or

'This framework of the structure .

|

piston. _
whatever the extent .of - its perpendleulal

h? or a similar loose joint.

receiver, and these receiv ers connected {0 a

common tank or tanks.

" The float C is a hollow streetme mth a flat
bottom and perpendicular sides. framed to
secure suitable strength and stiffness with
proper buoyaney. It is made rectangular in
form, and the bieadth in most cases, e‘meeds
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in measurement the 1enfrth, and as the action

of the float is the most successful when the
distance from the front edge, or that side
which is presented to the waves, to the rear

edge, or that side which is next the shore is
less than the shortest linear distance between

the crests of the waves, the length of the float !
should be less than tLe intervals between the

waves, because the perpendleulm rising-and-
fa,llmﬂ' movement is best secured wheu one
wave or swell clears the inshore end of the

float by the time the following wave or swell

reaches the front end of the ﬂoat This tends

to secure the uniform and even stroke and

action of all the pumps. - Generally this dis-

tance does not exceed felty feet under ordi- -

nary conditions of weather, and that meas-
urement may be taken as. the average inter-
vals between waves or swells. The extent of
the perpendicular movement of the float will
vary with the size or height of the waves or
swell, and consequently the pumps are of such
Speelal construction that they operate under
all variations in the length of stroke of the
At every rise and fall of the float,

movement, the pumps take in some.air and

effect some compression, a,ﬂd thue do some

work. 1
Each pump is eonstmeted ef a long cylin-

der secured in upright position between the.
piles in the frame and connected at the upper
end by an elbow E with an air chamber or

tank G on the top of the structure. The

lower end of the cylinder is open, and a pis-

ton F, fitted into this lower portion, is con-
nected with the float by a piston-rod EF’, one

end of the rod being connected to the piston
by a ball-and-socket joint A%, and the lower

end attached to one. of the top bars I on the
float. 'These bars extend across . the top of

the float, and to their projecting. outer ends
are attached the piston-rods, each by a swivel
This projecting
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end of each cross-bar sets between a pair of | section, for the air to pass around the pis-

piles in the stationary frame and is fitted to

play easily up and down between such up-

right guides without binding. At the same
time the lateral movement or play of the float
in the frame is limited by the bars before
mentioned. HKach bar at this end is finished
round and is covered by a metal sleeve or
ring L, fitted to turn on it loosely, so that it
will revolve when coming in contact with
one or the other of the piles, and that por-
tion of the two piles with which this sleeve

comes in contact in the perpendicular play |

of the float is sheathed with metal, as indi-
cated at M M, to prevent wear of the surfaces
of contact. Above the lower portion of the
cylinder in which the piston plays at low tide
the interior space is divided into a number
of compartments by horizontal gridirons or
valve-plates D® D4, &e., provided with open-
ings,eachfitted tomove up and down, and each
plate is slotted and fitted to play on the sta-
tionary guide-bars m”™ m” that are fixed on
the inside of the eylinder. A rubber disk N,

on the top of the plate over the openings,

forms a flexible valve to close the openings
and control the passage of air through the
plate. T'his disk is secured at the center by
a bolt n*, but is detached at all other points.
The piston has similar openings in its head
for passage of air, and is fitted with a flexible
disk or flap N*, attached in the center. All
these valve-plates haveseats atthe bottom of
their respective cylinder spaces or sections in
which they play upon the ledges, which are
formed by the difference between the diame-
ters of one section and the one next below
it, and theeylinderis thusdivided into valved
chambers or sections that communicate one
with the other from the bottom to the top
through the vertically-movable plates. The
object of this construction is to increase and
reduce the working length of the pump, ac-
cording to the changes of the tides and the
consequent variation in the working position
of the float, for as the tide rises the working
position of the float in the stationary frame
is necessarily higher, and the piston, being
directly connected to the float by a rigid rod,
18 set higher up inits eylinder, thereby chang-
ing its working position in the cylinder and
causing it to reciprocate in one or more of the
cylinder-sections next above. This will be
understood by referring to Figs. 3 and 4 of
the drawings, in which one view shows the
working position at low tide, while the other
represents the piston working in a higher
section or space of the eylinder, into which it
18 raised by the elevation of the float under
the rise of the tide. In this last-mentioned

change of working position the piston raises
the plate next above it off its seat and car-
ries it on the top during its reciprocations,
suflicient space around the margin of the pis-
ton, between it and surrounding sides of the |
cylinder, being afforded by the increased di-
ameter of the higher section over the lower |

ton on the downstroke and to pass through
the plate and lift the rubber disk upon it
on the upstroke. This construction secures
a continuous action of the pumps in all
the rising and falling movements of the fioat
and some degree of compression under all
variations in ‘the length of stroke, so that
there is practically no loss in the power even
under the smoothest swell that will produce
a perpendicular movement of the float, for
at low tideand under ordinary strokes of the
piston the lowermost valve will be raised and
dropped as the piston moves up and down,
while as the tide rises the piston will move up-
ward in the c¢ylinder and cause one or more
of the valve-plates above to be lifted and car-
ried according to the length of perpendicular
movement of the float. As the pressure of
alr in the chambers or Sections becomes
oreater in the lower ones, it raises the rubber
valve, and thus passes upward from one cham-
ber to the other until it finally passesthe top-
most valve and into the tank . Inaddition
to this, the greatest movements of the float
under the roughest sea or the heaviest swell
to which it may be exposed will work the
pumps without injury to the apparatus, as
there is a cushion of air continuously above
the piston-head acting with a resistance that
increases as the piston reaches the top of its
stroke and thus prevents or takes up any vio-
lent shock at such times. This construction

of pump is indeed a material part of the ap-

paratus and contributes to the successful
working. The common chamber or tank 18
connected by a pipe with a receiver oran ac-
cumulator, which may be located on the shore,
or at any desired distance from the motor, and
to which the parts or localities to be supplied
with compressed airmay beconnected by suit-
able pipes.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent, 18—

Thecombination,with thestationary frame-
work composed of apright piles in pairs that
form guides for a float, the float having pro-
jecting bars working between the guides, the
pump-cylinders fixed in upright position in
the frame over said bars, the vertically mov-
able pistons connected to the float by rigid
piston-rods, and the movable valve-plates di-
viding the cylinders into chambers or com-
partments and having openings covered by
flexible,upwardly acting-valve-disks; the said
cylinders being composed of sections increas-
ing regularly in diameter one over the other
from the bottom to the top of the cylinder,
substantially as hereinbefore described.

In testimony that I claim the foregoing I
have hereunto set my hand and seal.

TERRENCE DUIFFY.

Witnesses:
EDWARD K. OSBORN,
CHAS. HE. KELLY.
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