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| SPEGIFICATION forming part of Letters Patent No. 644,093, dated February 27,' 1900.

| Application filed May 27,1899, Rerial No. 718,49 7.

(No model.)

To all whom it may concer:

Be it known that I, JAMES F. PLACE, a c¢iti-
zen of the United States, and a resident of the
borough of Glen Ridge, county of Essex, and
oState of New Jersey, have invented certain
new and useful Improvements in Marine Air-
Compressors,whichinventionrelatestomeans
for the utilization of the power of the waves
of the ocean or other large bodies of water,

of which the following is a specification, vef- |

erence being had to the accompanying draw-
ings, which f01 m a part thereof.

The object of my invention is to utilize the
energy of the motion of the waves of the ocean,
sea, orlake by making use of the same to com-

press alr, which can be stored or distributed

for subsequent use or converted into electric
energy by means of an mdmmy engine and
dynamo.

My invention is an improvement on my
method embodied in application Serial No.
716,485, filed May 12, 1899, relating to im-
pmvement in marine air-compressors, in
which the air-compressor (consisting of a pri-
mary and secondary cylinder) is submerged
and 1s sustained and held in position by a
totally-submerged buoy or air-reservoir.

'The special object of this improvement is

to secure a quicker automatic adjustment of
the compressor to the different height, size,

and strength of different waves and to the
rise and fall of different tides, also to avoid
straining of the parts on the upward stroke
and to insure full work of the piston in the
alr-compressor cylinder on its down or work-
ing stroke, and besides insuring as little fric-
tlon as possibletorelieve the su bmel ged buoy
of weight and tendency to tOpheavmess and
thus md in keeping the compressing-cylinder
In an upright position at all times. I attain
these objects by the mechanism illustrated
in the accompanying drawings, in which—
Figure 1is aside elevation of myimproved
submerged air-compressor connected to float-
ing buoy and totally-submerged buoy, as
shown. -Kig. 2 is a vertical section of my im-
proved submerged air-compressor cylinder,
showing air eonnectwns with floating buoy,
piston and valves, and piston-rod. I‘w' 31s a
vertical section of the totally-submer ﬂ‘ed. buoy,

Wthh 1s also used as an air- reservow with |

| and low tide.

the automatic adjusting or fluid compensat-
ing cylinder, showing piston and valves and
the lower part of plston rod, which is the same
piston-rod as shown in Fig. ) Fig. 4isaplan
view of the flat-spider spring belonﬂ'mﬂ* to
the piston of the automatic eompensatmw cyl-
inder. |

Similar reference-marks Iefel to similar

parts throughout the several views.

1 18 the ﬂoatmw buoy, which floats on the
surface of the “ater and on the top side of
which is attached a protected air-inlet pas-

sage 5', and tothe under side of which is fixed
a plate 2" and a flexible or universal joint or
flexible connection 2, and 3 is the submerged
alr-compressing cylinder attached thereto
and suspended therefrom. 4 isthe piston in

said cylinder and fitted to work therein. (See
Fig. 2.)

5 is the piston-rod, which runs through the
lower end of the air-compressing cylmdel 3,
through an ordinary stuffing - box 6, and
thmugh another stuffing-box 10 into the au-
tomatic compensating cylinder 7, which may
be incased in or attached to the submerged
buoy 8, thus connecting the twocylindersend-
wise. This totally-submerged buoy or air-
reservolr 1s located below and beneath the
floating buoy and air-compressing cylinder
and substantially in line therewith, and it
supports the compensating cylinder and the
piston-rod 5, keeping both substantially erect
at all times.
cylinder is of larger diameter than the ajir-
compressing cylinder and is called a ‘‘com-
pensating cylinder” because it does no work,
except to automatically adjust the distance
between the floating buoy 1 and the sub-
merged buoy or air-reservoir 8 to compensate
for the different size or height of the waves
and the difference in depth of water at high
When working, it is filled with
alr, which is supplied from the totally-sub-
merged buoy or air-reservoir 8 through the
pipe 23, or it may be filled with oil or any
other fluid or liquid, in which case the pipe 23
1s dispensed with and the aperture where the
pipe enters the eylinderisclosed. Only when
air is used is it of larger diameter than the
compressing-cylinder. If oil or any other
non-compressible liguid is used in it, then it

T'his automatic compensating
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than the air-compressing cylinder.

0isthe compensating cylinder piston,which
is made to fit the compensating c¢ylinder and
is fixed to the lower end of the piston-rod &
and fitted to work in said compensating cyl-
inder. It will be noticed that this piston-rod
5 has two pistons rigidly connected together
by the rod, one on the upper end in the air-
compressor cylinder and one on the lower end
in the compensating cylinder, the rod con-
necting the two cylinders together through

the two stuifing-boxes referred to.

11 is a flexible air-tube which goes through
the flexible connection or universal joint 2
and, with the fixed metal tube 12, forms an
air-passage for the air in the floating buoy to
pass to the upper part (above the piston) of
the compressing-eylinder 3. On the under
side of the piston 4 I place an ordinary air-
inlet check valve or valves 13 and 13, Over
the top of the piston-rod at 14-1 fix a ecap-nut,
which holds the piston to the rod and at the
same time when it enters the recess 15 in the
cylinder-head on its upstroke forms an air-
cushion for the piston. | |

15" is a check-valve opening into the ¢ylin-
der, which closes when the projection (or cap-
nut) 14 enters the recess 15.

Inthe piston 9 (see Fig. 3) of the compensat-
ing eylinder 7 I have both inlet and outlet
or upward-opening and downward-opening
check-valves. |

16 is an outlet or downward-opening check-
valve with passages 17 and 17', which allow
the air to pass from the upper side or space
above the piston through these passages and
the valve into the lower part of the cylinder or
space below the piston.

1S and 18" are inlet or upward -opening
checik - valves which allow the air to pass
(through these valves) from the lower part of
the eylindertothe upperside of orspace above
the piston.

The outlet check-valve 16 1s held to its seat

by a very strong spiral spring 19 of great ten- |

sion, and the inlet check-valves 18 and 18" are
held to their seats by a flat spider-springs 20
and 20, Fig. 3. (Shown more clearlyin Fig.
4,) This flat spider-spring I make of very

light steel, so that its pressure of the valves |

1S and 18’ to their seats is very light—hardly
sufficient tension to overcome the weight of
the piston-rod 5 and its two pistons 4 and 9.
Spiral spring 19 is one of much stronger ten-

sion than spring 20.

5o

At 21 is an outlet check-valve in the sub-
merged buoy, which connects with the air-
hose 22, which'is carried ashore to a com-
pressed-air-receiving tank or to other air-res-
ervoirs afloat, if preferred.

23 i3 a pipe connection forming an open air- |
“that of the air-compressing piston (if air is
“used in the compensating cylinder) and the
-compressor-cylinder rises with the floating
- buoy, compresses the air in the lower part of

passage from the interior of the submerged
buoy 8 to the lower part of the compensating
cylinder 7.

At 24 1 fix a plug to shut off the inside of

| check -valve 16. The piston-rod 5 can be

made solid; but I prefer a hollow rod, as
shown in the drawings.

25 is a recess in the lower eylinder-head of
the compensating cylinder 7 to form an air-
cushion for the piston when the projection 26
enters the same onthelimitof its downstrolke,
and 27 is a similar recess in the upper end of
cylinder to serve the same purpose when the
projection or round nut 28 enters it on the
limit of its upstroke.

In the submerged air-compressing cylinder

8, Fig 2, near its lower end below the piston,

I place an outlet check-valve 29, which con-
nects with the flexible pipe or tube 30, which
is attached to the submerged buoy or air-res-
ervoir 8. This flexible tube forms an air-pas-
sage to carry the compressedair from the com-
pressing-cylinder to the submerged buoy or
air reservoir 8 ,as thissubmerged buoy serves
as a storage-tank for the compressed air be-
fore it is carried ashore in the tube 22. T'he
compensating cylinder 7 is fastened to the
submerged buoy by bolts through the flange
31 at the top. (See IVig. 3.)

At 321 fix an eyebolt to the lower end of
the compensating cylinder, to which is at-
tached an ordinary block and tackle 34, the
rope 35, IMig. 1, passing to the shore, by which
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the submerged buoy, with its compensating

cvlinder, can be raised or lowered at conven-
ience. The whole is held by the anchorage
36, (see Fig. 1,) which may be any sort of

-sunken raft or platform loaded with weights

or stones, or it may be any suitable fixed
anchorage made fast to the bottowm. |

It will be noticed that the weight of the
compressor-cylinder 3 is suspended entirely
from the floating buoy 1 and that no part of
said weight rests upon the submerged buoy
8 or upon the piston-rod 5. 'T'his i1s one spe-
cial feature of my improvement. The loca-
tion of the eylinders may be transposed with-

~out detriment to the working of the mechan-

ism—that is, the compensating ¢ylinder may

"be on top, attached to floating buoy, and the
“ecompressing - cylinder below the same, at-

tached to the totally - submerged air -reser-
voir or buoy. The preferred construction,
however, is as shown in the drawings. The
spring 19, (see Fig. 3,) which holds the check-

valve 16 in the compensating cylinder pis-

ton to its seat, is made of great tension, suf-

ficiently strong that it will not allow the

valve to open until a greater pressure 1S ex-
erted per square inch than the amount of

-compression per square inch in the compress-
ing-cylinder on the under side of the piston
-4, Thus it will be seen that as a wave of or-
“dinary height acts on the floating buoy the
piston-rod and pistons remain stationary, as

the area of the lower piston is larger than

the piston-rod 5 from the air-space above the | the cylinder 3,and forcesit through the check-
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valve 29. As the
the hollow of the wave the ¢ compressor-cylin-
der falls with it and the piston remains sta-
tionary, while the air readily passes throungh
the valves 13 and 13" from the top side into
the lower side of the cylinder below the pis-
ton 4, the check-valve 29 having closed. If
the tide rises orif a wave of extra height and
size—as 1n a storm, for instance—comes, then

the action is repeated; but when the piston

has reached the bottom of the cylinder it
passes the aperture of the valve 29, forms an
alr-cushion of the air then below 1, and the
pressure is at once increased on the upper
side of the lower piston 9 in the compensat-
ing cylinder 7, and the increased valve-pres-

sure on the spring 19 causesit to act, and the

valve opens and the fluid passes from the
upper part of the compensating cylinderinto
the lower part below the piston and allows
the piston 9 and piston-rod 5 to rise and
lengthen the distance between the two buoys
until the floating buoy has reached the crest
of the wave. Then when this floating buoy
drops into the hollow of the wave the piston-
rod and the pistons remain practically sta-
tionary and the compressor -cylinder falls
with the floating buoy. The round cap-nut
14 enters the recess 15, (see Fig. 2,) forming
an air-cushion, and a pressure is exerted on
the check-valves 18 and 18’ on the under side
of the compensating - ¢ylinder piston 19
greater than the weight of the piston-rod and

pistons, and the valves quickly open against

the springs 20 and 20, and the fluid passes
from the underside of the piston through the
valves 18 and 18 into the upper part of the
cylinder 7 and allows the piston and rod to
fall, thus shortening the distance between the
two buoys until the floating buoy reaches the
hollow of the wave. This action is repeated
with every wave. The open pipe-passage 23
keeps the compensatmﬂ' cylinder at all times
supplied with air when air is used in the same
and at the same pressure as that in the sub-
merged buoy 8 and of equal pressure above
and below the piston 9. This pipe 23 is dis-
pensed with, as heretofore explained, when
o1l or other liguid is used in the compensat-
ing ¢ylinder.,

The object and tendency of the submerged
buoy 1s to at all times keep the compensating
¢ylinder, piston-rod, and its two pistons sub-
stantially erect and in line endwise, and
while allowing free action to all parts with-
out straining the same to keep the floating
buoy as nearly as possible at all times directly
over the submerged buoy and yet allow it
any natural and irregular movementgiven to
i1t by the waves.

The length of the compressing -cylinder
may beabout the height of the ordinary wave

where 1t 18 to be located, while the compen-

sating cylinder and piston-rod must be con-
s1delably longer or of sufficient length to
cover the difference between high and low
tlde and the highest and most 01c11n£|,1y wave.

:loatmﬂf buoy falls into |

The compressor-cylinder can be made very
considerably longer than the height of an or-
dinary wave and it will work equally as well.
In that case I take care to see that thesize of
the openings in valves 18 and 18’ are made
very small, and the spring 20 is made of a
tension smaller than enough to overcome the
weight of the piston-rod 5 and its pistons, so
that the tendency of the piston 9 is to slowly
drop or settle down in the cylinder—not so
tast as to appreciably shorten the stroke of

compressor-piston 4, but-yet enough so that
the piston 4 will work in the lower pa,rt of the
cylinder 3 at all times, regardless of the
height of wave or eouespondmn length of
stloke thus insuring full compression “of the
air and complete dischar ge from the cylinder
3 of the compressed air with every stroke.

Having thus described my invention, what
I claim as new and original, and desire to se-
cure by Letters Pa,tent Is— |

1. In a marine air- eomplessm of the class
deseribed, an air-compressing cylinder flexi-
bly connected to the under side of a floating
buoy; 1n combinmation with a totally - sub-
merged buoy or air-reservoir having a com-
pensating cylinder attached thereto; and a
piston-rod having a piston on each end, one
of sald pistons being located and fitted to
workin the said air-compressing cylinder and
the other 1n said compensating eylinder, sub-
stantially as shown and described.

2. In a marine air-compressor of the class
described, having two buoys, one floating
and the other totallysubmerged; anair-com-
pressing cylinder; and a compensating cylin-
der; in combination with a piston-rod con-
necting said two cylinders together through
two stuifing-boxes; said piston-rod having a
piston on each end one in the alr-compress-
ing cylinder and the other in the compensa-
tmﬂ‘ cylinder, substantially as shown and de-

cnbed .

3. In a marine au-eomplessor of the class
described, having two buoys, one floating and
the other totally 511bmel ged; an alr-compress-
ing cylinder and a eompensatmﬂ* cylinder; in
CO mbma,twn with a piston-rod connecting said

two cylinders together through two sLufﬁno*-

boxes; said plston -rod ha,vmﬂ‘ a piston ted
to th_e end within the air-compressing cylin-

der, and another piston of larger area fixed

to the end within the compensating eylinder,
substantially as shown and described.

4. In a marine air-compressor of the class

described having two buoys, one floating and
the other totally submerged below the first;
an air-compressing cylinder attached to and
suspended from the under side of sald float-
ing buoy by a flexible connection fixed be-

tween sald floating buoy and said air-com-

pressing eylinder; in combination with a com-
pensating cylinder of larger inside diameter
than said air-compressing cylinder; said com-
pensating cylinder being supported or sus-
tained substantially erect by said submerged

| buoy below, substantiallyin line with said air-
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compre&smw cylinder; and a piston-rod con-

necting said two eylinders together through

stufﬁnfr-boxes salid piston- 1‘0(1 having a pis-
ton fixed to its upper end within said air-com-
pressing cylinder, and a piston fixed to its
lower end within said compensating eylinder,
substantially as shown and described.

5. In a marine air-compressor of the class
described, operated by a floating buoy and
having a submel ged air-compressing cylinder
and a totally submerﬂ'ed compensating cylin-
der; the combmatmn of a piston workmﬂ' in
said com pensating eylinder; a valve opening
from the lower part of said compensating cyl-
inder below the piston into the upper part of
same above the piston, and a valve opening
from the upper part of said eompensating
cylinder above the piston, into the lower part
of same below the piston, substantially as
shown and described.

6. In a marine air-compressor of the class
described, operated by a floating buoy and
having a submerged air-compressing cylin-
der; and a totally-submerged compensating
cylinder; the combination of a piston work-
ing in said compensating cylinder; a valve
opening from the lower part of said compen-
sating cylinder below the piston into the up-
per part of same above the piston, and held
to its seat by a spring of small tension; and
a valve opening from the upper part of said
compensating cylinder above the piston into
the lower part of same below the piston, and
held to its seat by a spring of much stronger

tension,substantiallyasshown and described.

7. Air-compressing mechanism for utilizing
the power of waves, comprising two buoys,
one floating on the surface of the water, and

the other totally submerged and anchored
benecath the same; and two cylinders con-
nected together substantially in line endwise-
a piston on each end,

by a piston-rod having
substantially as shown and described.

8. Air-compressing mechanism for utilizing

the power of waves,comprising twobuoys, one

floating on the surface of the water and the
other submerged and anchored beneath the

same; and two cylinders, connected together
substantially in line endwise by a piston-rod
having a piston on each end, one of said pis-
tons being of larger area than the other, sab-
stantially as shown and described.

9. Air-compressing mechanism for utilizing

the power of waves,comprising two buoys, one
floating on the surface of the water and the

other submerged and anchored beneath the
same; and two cylinders, one considerably

longer than the other,connected togethersub- |

than the compressing-¢ylinder;

644,093

stantially in line endwise by a piston-rod hav-

ing a piston on each end, substantially as

Shown and described.
10. Air-compressing mechanism for utiliz-

ing the power of waves, comprising two buoys,

one floating on the surface of the water and
the other totally submerged and anchored
beneath the same; two cylinders each having
a piston; a piston-rod fixed at each end to
one of said pistons; and an inlet or npward-
opening valve, and an outlet or downward-
opening valve, in one of said pistons, whereby
under pressure the fluid in cylinder passes
from above to below or from below to above
the piston, through said valves, substantially

“as shown and described.

11. Air-compressing mechanism for utiliz-
ing the power of waves,comprising two buoys,

one floating on the surface of the water, and

the other totally submerged and anchored
beneath the same; a compressing-cylinder
and a fluid compensating eylinder, each with
a piston fitted thereto respectively, said com-
pensating cylinder being considerably longer
and sald two
pistons being rigidly connected together by a
piston-rod, substantmlly as shown and de-
seribed.

12. In an air-compressing mechanism for
utilizing the power of waves, two cylinders,
one consﬂembly longer than the other ‘md
each having a piston-; a piston-rod which con-
nects together said two eylinders endwise; a
valve opening from the space below the pis-
ton in the longer cylinderinto the spaceabove
the same, and a valve opening from thespace
above said piston into the space below the
same, substantially as shown and described.

13. In an air-compressing mechanism for
utilizing the power of waves, two eylinders,
one coumdemb]y longer than the other and

each having a piston; a piston-rod which con-

nects together said two cylinders endwise; a
valve opening from the space below the pis-
ton in the longer cylinder into the space above
the same, and held to its seat by a spring ot
comparatively-light tension,and a valve open-

ing from the space above said piston into the

space below the same, and held to its seat by
a spring of much stronger tension, substan-
tially as shown and described.

In witness whereof I have hereunto signed
my name, this 28d day of May, 1899, in the
presence of two subscribing witnesses.

JAMES F. PLACIL.

Witnesses:

CLARENCE PLACE,
JULIO G. GADSDEN.
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