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~ UNITED STATES

PATENT OFFICE.

WILLIAM A. BABCOOCK, OF CLEVELAND, OHIO, ASSIGNOR TO THE BISH
BABCOCK COMPANY, OF SAME PLACE. '

¢

' COMPOUND HYDRAULIG AIR-COMPRESSOR. |

SPECIFICATION forming part of Letters Patent No. 528,064, dated July 17,1894,
Application filed April 26,1898, Serial No. 471,869, (No model.) ' |

" To all whom it may concern:

Be it known that I, WILLIAM A. BABOOOK,-

a citizen of the United States, and a resident

of Cleveland, county of Cuyahoga, and State

of Ohio, have invented certain new and use-
ful Improvements in Compound Hydraulic

Air-Compressors, of which the following 1s a

specification, the prineiple of the invention

being herein explained and the best mode in

10

- principle, so as
inventions.
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which I have contemplated applying that

The annexed drawings and the following
deseription set forth in detail, one mechani-
cal form embodying the invention; such de-

tail construction being but one of various
‘mechanical forms. in which the principle of

the invention may be used. -

Insaid annexed drawings—Figure 1 repre-
sents a vertical section of my improved com-
pound hydraulic air compressor, the section
being taken through the axes of the cylinders

and through the axis of the main controlling.

valve chamber; Fig. I, a vertical section of
the compressor, the section being taken
through the axes of the eylinders and through
the axis of the primary valve chamber; Fig.
II1, a vertical section,—similar to Fig. I,—
and illustrating the compressor as having wa-
ter applied to the under side of the smaller
air compressing piston, and Fig. IV, a hori-
zontal section taken through the axis of the
main controlling valve chamber.,

An air and water cylinder, A, is mounted
upon a base, B, and has a valve casing, C,
secured upon its upper end. Another air
and water eylinder, D, is mounted upon this

~ valve casing, and an air cylinder, E, of smaller

diameter than the two lower cylinders, is
mounted upon the top of said second air and
water cylinder D. Pistons, F, G and H, re-
ciprocate respectively in the three cylinders
A, D and E, and are connected together by
piston rods, I and J, so as to all move in uni-
son,—said piston rods passing through suit-

‘ably packed boxes at the ends of the eylin-

ders. An air valve chamber, B’,is formed at
the lower end of the first air and water cyl-

inder A, and said valve chamber has an air-

inlet valve, b, and an air outlet valve, b’, and
is continued, from the air outlet valve, by a

to distinguish it from other

OP &

channel, K, passing upward ”paralleldﬁth the

three cylinders. -
The upper or outer end of the second air

and water cylinder D, has an air inlet and :

outlet, d, rendering said cylinder non-com-
pressing or idle, as far as concerns air com-

pression within it, and the lower or innerend

of the air cylinder E, in the form shown in
Figs. I and II, has an air inlet and outlet, e.
A valve casing, N, is secured upon the up-
per or outer end of the air cylinder E, and

admits air from the air channel K, into the
upper end of the air cylinder L. The valve
case has, furthermore, an air outlet valve, 7/,

which- opens to a nipple, »? to- which a pipe
‘or other suitable connection may be attached,

for conveying the compressed air to the de-
sired destination. - -

The bottom of the lower air and water ¢yl-
inder A, has an upright nipple, 0% projecting
around the air inlet and outlet, so that any
small quantity of water, which may leak past
the air and water piston in this eylinder, may
collect in the bottom of the eylinder without
danger of its entering the air passages. The
under side or air side of the airand water pis-
ton F, is formed cup-shaped, as indicated at
F’, so as to extend around the upright nip-

its compressing stroke; and the cup-shaped
packing of said piston is turned upward, so

6o

said casing has an air inlet valve, 7, which

0

75

80
ple 1?, when the piston is at the extreme of

as to allow accumulated water to be forced

upward, past the piston, while,—as much as

possible,—preventing the actuating water
from leaking downward, past the piston.
The valve casing has a main controlling

valve chamber consisting of a piston chamber,.

¢/, a chamber, C? of smaller diameter than
said piston chamber, and a chamber, C°, of
still smallerdiameter. Said chambers are ar-

ranged axially,in the order named, and have

their adjoining ends opening, one into the
other. The middle chamber C% has an an-
nular port channel, ¢, surrounding it, which
channel communicates with the interior of
the chamber through an annular port formed
by an annular series of holes or by an annu-
lar slot, and with the inner end of the second
air and water cylinder D, through a channel,
¢’. The smaller chamber C° has an annular
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relations of the parts to the valve casing.
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port channel, ¢? surrounding it, which ¢han-:
nel communicates with the interior of the’
chamber through an annular port formed by
an annular series of holes or by an annular
slot, and with the inner end of the first air
and water cylinder A, through a channel, ¢3.,

As the valve casing forms’'the central por-:
tion of the entire compressor, from and to-
ward which the pistons reciprocate, when the
compressor 1s in action, and.in view of the:
fact that the compressor may be constructed

horizontal, having its base upon one end of

the valve casing, as well as vertical, theterms:
“in-stroke” and “out-stroke,” and “inner”
and “outer,” are employed as referring to the

A primary valve chamber, C4, is formed in’
the valve casing, parallel to the piston rod
bearing in the same, and has its ends within

the ends of the two air and water cylinders.

The primary valve chamber has an annular’
port channel, ¢, which communicates with:

‘the outer end of the valve piston chamber C’,

through a ehannel, ¢*; an annular port chan-:

nel, ¢%, at one side of said other port channel

¢, and communicating through a channel, ¢’,
with the inner end of the piston chamber 'C’,
and through the latter with the inlet C° for
the actuating fluid; and a port channel, ¢’
which communicates with ‘the outer end of
the middle chamber C? through a ¢hannel, ¢’

and through said chamber with the outlet C¢

for the actuating fluid. The port channel ¢4,
is a distributing port to the outer end of the

‘valve piston chamber, and the port channels

¢’ and c® are, respectively an inlet port and
an outletport for the primary valve chamber.

A primary valve, L, slides in ‘the primary*
valve chamber, and has‘the ends of 'its stem?

‘projecting out through stuffing boxes in the

ends of the valve chamber, into ‘the two "-a,irf?
and water cylinders, so as to be alternately

shifted by the pistons therein striking the:

ends of ‘the valve stem. The valve has two
pistons, / and {’, one of which, /, is perma-
nently to one side of the inlet port, and the:
other one, I/, shifts to the opposite sides of

or other means forreceiving or conveying the
waste water. The position of the primary
valve in Fig. II, connects the outer end of the

Ppiston chamber of the main controlling valve

with the water inlet, which enters the inner

end of said piston chamber, as seen in Fig.
1V, and thereby communicates with chan-

nel ¢, eausing the actuating water to shift
sald valve from the position illustrated in
fulllines :in Figs. I, III and IV, to the posi-

tion illustrated in dotted lines insaid figures.

The inlet water, which had heretofore passed

through the smaller valve chamber, the port

channel around thelatter, and the channel
from said port channel, into the first air and

| water ceylinder, depressing the three pistons,

will now flow through the middle valve cham-
ber, the annular port channel around the

same, and'the channel from said port-chan- -

nel, into'the ‘second air and water cylinder,
raising the pistons. ‘When the primary valve
is-again shifted by the ascent of the pistons,
the main -controlling valve will ‘again be

shifted baek to 'the position 'illustrated 'in

full'lines in'the drawings, and-the operation
will thus be repeated as long-as the inlet wa-
ter 1s ‘admitted. The shifting of ‘the ‘main

valve, caused by the primary valve -alter-
nately connecting the outer-end-of ‘the actu-

ating piston chamber to the inlet andto the
waste, shifts‘the main eontrolling valve, and
when one air and water cylinderis connected
to the intlet, by means of said valve,the other
cylinder will be connected to the the outlet,
and vice versa. As 'the pistons are recipro-
cated, the air ‘and water piston in ‘the first
cylinder A, will:draw in air at its in-stroke,
and will expel air at its out-stroke. The air
compressed by the piston in 'the ‘first air
and water-cylinder will pass up through'the
vertical connecting channel, K, into the up-
per-end of the third -and smaller air -eylin-
der KE; the piston in the same drawing the

alr into the eylinder,—being on its in-stroke.

When the pistons have finished the above-
mentioned stroke, the water valves ‘will be
shifted, and water will be:exhausted from
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the distributing port, so that said port may
alternately be connected to theinlet'portand | der A, and will be ‘admitted into the inner
to the outlet port. | portion of the second air and water cylinder
A main controlling valve, M, slidesin the | D,'forcing the piston in 'said cylinder out-
main controlling valve chamber, and has a | ward, expelling air from the outer portion of
large actuating piston, m, in'the piston cham- | said eylinder, and causing the air compress-
ber, a smaller valve piston, m’, in the cham- | ing piston H, in the air cylinder to further
ber C% and a still smaller piston, m? in the'| compress the compressed air contained in the
smaller chamber C°, The actuating piston'is‘| said air eylinder. |
reciprocated by the action of the actuating’| Asthearea of the air compressing piston
fluid, and the valve pistons shift to both sides'| H, and‘the cross sectional area of the air com-
of the annular ports. _ | pressing cylinder E, are smaller than the area
~In describing the action of the compressor,:| of the air and water ‘piston ‘G, which drives
the parts will be assumed to be in the rela- | said air compressing piston, itis obvious-that
tive positions illustrated in the drawings,:| the air which hasbeen drawn and forced into
when the actuating wateris admitted through ‘| the air compressing cylinder, and which has
the inlet,—theinlet having been suitably con--| already received a degree of compression pro-
nected to a water service pipeor other source | portionate to the actuating water ‘pressure,
of water under pressure, and the outlet hav-'| will receive an increased degree of compres-

the inner portion of the air and water cylin- 115
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ing been connected to a suitable waste pipel sion, by the same water pressure, correspond-
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ing to the relative proportions of the areas of

the water actuated piston G, and the air com-

- pressing piston H. . ,
When the air compressor is first put in op-
eration, and is connected to a suitable recep-

tacle for compressed air, the greater portion
of the air compressed by the lower air and

water piston, will pass directly .into the re-
~ ceptacle; but, when the air pressure in said
receptacle equals the pressure created by said
lower cylinder, the air compressed in said eyl-
inder cannot pass directly to the receptacle,
but only the air which is additionally com-
pressed, under greater pressure, by the upper
15 air compressing piston. |

" The surplus amount of air which cannot be

~ accommodated within theair compressing cyl-

 inder, when drawn and forced into the latter

during the in-stroke or down-stroke of the |

piston therein, may be suitably provided for
by a properly adjusted leak or vent in the air
pipe between the two cylinders. |

20

Although the cup-shaped packiuglof the air -

and water piston F, isturned upward, and 1s

by the pressure of the actuating water, a cer-
tain amount of leakage cannot be avoided,
~and the construction of the packing, the un-
der side of the piston, and the air outlet in
the bottom of the cylinder is such, that it will
admit of the accumulated leakage water be-
~ ing forced back, past the piston. The accu-
mulated water will be prevented from passing
ing into the outlet pipe by the nipple forming
the end of said pipe, and when a quantity of
water has accumulated in the bottom of the
cylinder, the pressure of the compressed air
in the bottom of the eylinder will force the
accumulated water upward, around the edge
of the c¢up-shaped under side and past the
“upturned packing of the piston, at that mo-
ment when the inner or upper portion of the
lower air and water eylinder is opened to the
waste, but before the piston has started upon
its upward stroke,—the friction of the pis-
tons and piston rods, respectively in the cyl-
inders and packings, retarding the reversal
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of the stroke for a moment, when this forcing |

out of the leakage water takes place.
The inner or lower end of the alr compress-
ing eylinder E, may be suitably connected,—
~as disclosed in Fig. III,—to the valve mech-
~ anism, so that water pressure may be also ap-
plied to the piston of said air compressing
st cylinder, and 1 do not deem it necessary to
 more specifically deseribe such form or its op-
eration, as it simply involves duplication of
the water connection foreylinder D, extended
and applied to cylinder E, and the action of
said form is-otherwise similar to that above
deseribed.

.,60

Other modes of applying the principle of

spread against the innersides of the cylinder |

3

my invention may be employed for the mode
herein explained. Change may therefore be
made as regards the mechanism thus dis- 65
closed,provided the principles of construction

‘set forth respectively in the following claims
are employed. - |

I therefore particularly point out and dis-
tinetly claim as my invention— o
1. In a hydraulic air compressor, the com-
bination of two co-operating air and water .

cylinders having air inlets and outlets, an air

‘compressing cylinder of a smaller diameter

than the air and water cylinders and con-
nected to co-operate with the latter, and an
air channel connecting the air outlet of an
air and water cylinder with the air inlet of
said smaller air compressing cylinder, sub-
stantially as set forth. - o

2. In a hydraulic air compressor, the com-
bination of an air-compressing air and water
cylinder, a non-compressing air and water -
cylinder, and an air compressing air eylinder
of smaller diameter than said cylinders, con- 85
nected pistons in said eylinders, and an air
channel between the air compressing portion
of the compressing air and water eylinder
and of the air cylinder, substantially as set
forth. | | | | -

3. In a hydraulie air compressor, the com-

75

80_

bination of an air and water eylinder having

valved airinlet and outlet at its outer end and
water inlet and outlet at its inner end, an air

and water cylinder arranged in axial align- g5

ment with said other eylinder and having air

inlet and outlet at its outer end and water in-
let and outlet at its inner end, valve mechan-
ism controlling the water inlets and outlets,
an air cylinder of smaller diameter than the
two cylinders and arranged in axial align-
ment with the same -and having valved air
inlet and outlet at its outer end, connected
pistons in the cylinders, and an air channel
connecting the air outlet of the first air and
water cylinder to the air inlet of the air cyl-
inder, substantially as set forth.,

4, In a hydraulic air compressor, the com-
bination with a vertical air and water cylin-
der having an upright nipple formed at the
air outlet in the bottom of the cylinder, of a
piston in said ecylinder, having water at its
uppersideand airat its undersideand formed
with an upwardly turned cup-packing and
with a ecup-shaped under side, substantially
as set forth., | |

In testimony that I claim the foregoing to

be myinvention I have hereunto set myhand
this 24th day of April, A. D. 1893. |

"W. A. BABCOCK.
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Witnesses: |
WM. SECHER,
J. C. TURNER.
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