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UNTTED STATES PATENT OFFICE,

EBENEZER IIILL, OF SOUTH NORWALK, CONNECTICUT.

AIR-COMPRESSOR.

SPECIFICATION fo:_:-ming pmjt of Letters Patent No. 448,859, dated March 24, 1891 |
Applicafinn filed December 17, 1888, Serial No. 293,822, (Nomodel) ' |

To all whom it may concern.: |

Be 1t known that I, EBENEZER IIiLL, of
South Norwalk, in the county of Fairfield and
State of Connecticut, have invented new Im-
provements in Air - Compressors; and I do
hereby declare the following, when taken
in connection with accompanying drawings
and the letters of reference marked thereon,

to be a full, clear, and exact deseription of the -

same, and which said drawings constitute

- Figure 1, a side view looking from the right
of Fig. 4; Fig. 2, a top or plan view, the air-
receivers or intercoolers and reservoir re-
moved to show the mechanism beneath; Fig.

3, a side view the reverse of Fig.1; Fig. 4, an |

end view from the left of Fig. 1; Fig. 5, a
transverse section of the principal cylinder

cutting through the relief-valve; Fig. 6,aloxn-
gitudinal section through the prineipal cylin-

adjacent toit. T

This invention relates to an improvement

“in that class of air-compressors which are de-

signed to compress the alr fo a very great ex-

tent. Formerly air-compressors of this class

were composed of two single-acting cylinders,
a large cylinder, as the primary compressor,

pressor, the air from the first c¢ylinder being
ledtothesecondcylinderdirectly orindirectly.
During the first part of the operation—that is,
when the machine first started and before the

“airin the reservoir had been compressed—the

first eylinder would he doing its full share of
the work, but the second or smaller e¢ylinder
would be doing practically nothing; hence
the machine would “go heavy” on one side
and light on the other. If, however, double-
acting cylinders were used for both primary

and auxiliary, the stroke would be the same
in both direections, perfectly balanced; but for.

the smaller or auxiliary eylinderit is imprac-
ticable to make it double-acting, for the rea-
son that it is extremely difficult and practi-
cally impossible to construct the piston for
the auxiliary cylinder so that it will work
perfectly tight in both directions. lHence in
the attempt to employ a small double-acting
auxiliary or final compressor the air will es-

|

I

v

in the cliims.

side, and thus materially retard or interfere

with the proper action of the pump, and such

leak cannot be readily ascertained. In the
use of a single-acting cylinder, however, the
packing for the piston may be made outside,

35

where any escape or leak will be observed,

and so applied as to be practically tight.
Hence it is that in all practical air-compress-

ors the auxiliary or.final compressing-cylin- 65

der 18 made single-acting. In the cperation

of the single-acting cylinder the power is em-

ployed only in one direction, the piston run-
ning free in the opposite direction. ' Conse-
quently there is a very considerable loss of

05

power, as well as an irregular use of that

which is &mployed, which produces undue
strain upon the machinery.

- The object of my invention is primarily.ﬁf{)

overcome this difficulty; and the invention

consgists in combining in an air-compressor -

~double-acting c}*linglelfs, as the primary com-
| pressors with a pair of single acting eylin-

ders oppositely-arranged, as thesupple mental
or final compressors, and whereby an even

resistance is preduced in all parts-of the ma-

75

chine, and in details of construction’ fully

hereinafterdescribed,and particularly recited
Al represents the bed of Lheﬁpbamtus, and
5 the steam-cylinder arranged upon the bed;

8o

C,thedriving-shaftsupported in pillow-blocks

D D, and to-which the power from the steam-

cylinder,is applied in the usual manner and

substantially asin steam-engines. The details -

of construction whereby the steam-power is

‘imparted to the driving-shaft it is unmeces-

sary to describe, as they do not differ ma-
terially from steam-engines in general use,

and may be any suitable mechanism between

GO

the steam-cylinder and the driving-shaft

whereby the reciprocating movement of the
piston will be converted into the rotary move-
ment of the shaft. | o
E Erepresent a pairof 1y-wheels made fast
to the driving-shaft, one upon-each side of
the bed. o - -
I represents the first or principal compress-
ing-cylindéry and G the second’ compressing-
cylinder. These are arranged upon the bed,
made fast thereto and in line with each other,
as clearly seen in Ifigs. 1 and 2. Between the

100
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two eylinders If and & a cross-head H 15 ar-
ranged in. suitable parallel longitudinal
guides I, and 1n connection with which 1s a

piston-rod J, extending from one side of the

cross-head 1o the piston of the principal eyl-
inder F,and upon theother side alike piston-

rod IS, which extends to the piston of the cy1-
inder G, the respective rods werking through

stuffing-boxes I. M on’ the cyl_inder_ in the

usual manner for packing the rods of such
cylinders. Thése eylinders are both double-
acting, and are of common construetion, 80
that the pistons, both working together, take
alr upon one side as they move in one direc-
tion and on the return force that air out of
the cylinder and take air upon the other side

of the piston, and so continuing, each move-

ment of the piston taking and receiving air.

The cross-head H is Lonnected by rods 0 on
each side to ecranks P on the driving-shaft,
and so that-each -revolution of the drwmcr-
shaft will impart full reciprocating movem ent
to the cross-head H and the respective pis-
tons connected thereto.

Above the cylinders I’ G a receiver R is ar-
ranged and suitably supported, (here repre-
sented as of cylindrical shape,) and to which
the principal cylinder I¥ discharges through a
connection-passage S. (See Figs. 2 and 3.)
The-second cylinder G draws from the re-
ceiver R through a pipe 1, which leads di-
rectly from the receivér R _to the respective
ends of the cyiinder G, as seen in IFigs. 2and
and 3, and so that the air whiech has been
forced into the receiver R from the cylinder

F will be drawn therefrom by the cylinder

G through the said pipe . The cylinder G
discharges from its respective ends through

‘a pipe U, which leads into a second receiver
V, arranged parallel with the regceiver R.

(See Figs. 1 and 2.)

The receivers R W ure prowded with a

supply of water through pipes X in the usual
manner, to reduce the temperatore of the air
forced into-the respective receivers, and this
water may circulate around the cylinder, as
through a pipe Y, represented as leading into
the prineipal ¢ylinder,asseenin Fig. 1. This
circulation of water, however,_constitutes no
part of my present invention, and is there-

- fore only referred-to to mdwate the purpose

55

6o

of the pipes represented in the drawings.

In the illustration I have 1epreqented the
mechanism for the valves of the principal
cylinder as oscillating valves, the valve-gear
being common and well known, operated di-
rect]y from the driving-shaft, so that indue-
tion and eduction valves are opened and
closed at the proper time, this mechanism
being well known and for which any other
known mechanism may be substituted, and
as such mechanism constitutes no part of my
present invention I do not particularly de-
scribe if. -

In combination with two double- acting cyl-
inders I employ two single-acting cylmdels ct
and . These are arranged at the side of the

eylinders I G and parallel therewith, as seen
in Fig. 2. The piston-rod d of the eylinder «

.1s connected to the cross-head on one side,

and the piston-rod e ¢f the cylinder & is con-

‘nected to theé cross-head on the opposite side,

so that under the Iecmrocatmg movement of
the cross-head one piston enters its cylinder
as the other is*withdrawn from its eylinder;

consequently each of the cylinders a b oper-

ate to force airin one direction only. The ac-

tion of the one c¢ylinder is opposite to-the ac-
tion of the.other cylinder, and each takes air
on the return-stroke. These cylinders a b
arc of like area, so that one substantially
countt,rbalances the other. The cylinder «
draws air from the receiver W through a pipe
f, connecting directly to the cylinder a, and

on the retum stroke, after having so dra,wn_

the‘air from the receiver W, the air 18 dis-
charged through a pipe g. "The cylinder b
draws air from the same receiver W through
a pipe H, connecting directly to the cylmder
b, and dmcharges the alr so drawn through a
pipe 7, the pipes ¢ and 7 being connected to a
common discharge [. (See Flg 1.) ‘Thus the
four cylinders connected and operating pre-
sent an equal resistance at all times when

70

/5

8o
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the machine is in operation, the one single- g5

acting cylinder counterbalancing the other,
so that there may be a perfect umfurmw)

the action of the machine, and this irrespec-

tive of the pressure—that is to say, on the
first starting of the machine the resistance
will be as regular as when the highest press-
ure is attained, thereby avmdlng the wear
and tear of the machine due to one single-
acting cylinder.

It will be understood that the inlet or dis-
charge check-valves are employed for the re-

spective cylinders, as usual in mv-wmpress-»

ing apparatus.

It sometimes occurs that the principal eyl-
inder will deliver moreair than is desirable—
that is to say, the full capacity of the cylin-
der will be greater than desirable. To adapt
the principal cylinder to deliver less air than
it takes, I provide a relief-valve ni. (See Fig.
5.) ‘This valve consists of the movable valve
n, attached to or made as a part of a screw-
spmd‘e 0, working through a stuffing-box, the
spindle provided With a hand-wheel p at its
outer end, by which the spindle may be ro-
tated to draw the valve from or force it to its
seat. The opening through the valve-seat is
into the principdl cylinder, and from the
chamber outside the valve an escape-pipe »
conducts air, which may escape to any desir-
able point. -This valve is arranged about
midway of the length of the cylmdel but so
that the piston may pass the valve- -opening.
Consequently .if the valve Dbe open air will
escape daring the first part of the advance
of the piston and until the piston has passed
the valve-opening.
compressed by the piston will therefore be re-
duced according to the amount which is per-
mitted to escape during the first part of the

The quantity of airtobe’
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movement of the eylinder, and may be greater | flows into the respective stuffing-box cham-

or less accordingly as the valve is adjusted.

‘bers, and so that those -chambers are con-

If the valve be opened sufficiently to per- | stantly filled with lubricating material,

mit all the air in advance of the piston to es-
cape, then the capacity of the cylinder will
be but one-half its stroke in each direction,

and as the escape-opening is reduced the

quantity of air delivered by the piston will
be correspondingly ‘increased. The initial

follows that the regulation will be eontinued
through all the eylinders to the reservoir, as

the pressure of each eylinder succeeding the |

principal cylinder will vary according to the
pressure produced by the first cylinder.
To produce a packing around the piston of

the final compressing-cylinders ¢ b and so

that air .eannot escape from the cylinders,
the piston ends of the cylinders ¢ b are ar-
ranged in a support 2, as'seen in Iig. 6, this
support being a partof the surrounding case
7, which forms the ‘cooler for the cylinders,
this figure representing only the cylinder «.
The end of the cylinder projects beyond the
face of the support 2, which surrounds that
end of the ceylinder.” -

" The stuffing-box 3, which surrounds the
piston 4, is secured directly to the face of the
support 2 and outside the end of the cylinder,

so that the stuffing-box practically covers or
ineloses the end of the eylinder.  The stuff-

ing-box isrecessed toform achamber 5 around
the piston 4 andoutside theend of the cylinder.

The ends of the chamber 5, one of which is
formed by the stuffing-box and the other by
the end of the cylinder, are made concavein
longitudinal seetion, as clearly seen in Fig.
6. Into these ends of the chambers, which

form seats, the packings 6 7 are respectively

arranged. These packings are made from
leather or other flexible material, and are of
ring shape, corresponding to the diameter of
the piston and the chamber 5, and the pack-
ing-rings are concavoe-convex shape in longi-
tudinal section, corresponding to the concave
shape.of the respective ends of the chamber
and s0 as to seat therein, as shown.
ner sides of these packing-rings therefore rest
directly upon the piston, and they form the
endsof thechamber. Consequently any press-
ure produced in this stuffing-box chamber 5
will tend to forece the packing close upon the

piston and against the outer wallof the cham-

ber to completely pack the joint.

To produce pressure within the chamber,
and so as to hold the packing-rings 6 7in their
proper position and at the same time lubricate
the pistons, I provide a reservoir 8, which
isin the form of a hollow c¢ylinder, similar to
but of smaller capacity than the air-receiver
and arranged parallel therewith and above
the cylinders « 0, as seen in Iigs. 3 and 4.
From this reservoir a tube 9 leads to the stutt-

" ing-box chamber 5 of the cylinder @, and a
: like tube 10 leads to the stuifing-box cham-
" ber of the cylinder 6. The reservoir 3 is sup-
plied with lubricating material, which reacily

ressure thus being regulgted, it necessarily

The in- |

|

through which the respective pistons work.
As the pistons of these final compressors oper-
ate, at first air will escape in small quantities

rf]

around the piston into the stufing-box eham-

bers, thence, in accordance with nature’s laws,
the air will pass direetly to the reservoir and.

so continue until the pressure is attained
in the reservoir to substantially counterbal-

ance the pressure of the air eseaping around

the.piston, and this pressure will force the

packing-rings upon the piston and prevent

2o

further escape of air. The outer ring 6 pre- -

vents the escape of thelubricating material

outside the stuffing-box and also prevents

the passage of air in that direction, all the
air which escapes passing directly to she res-

35

ervoir. Consequently there is no possible es-

cape of air from the cylinder around the pis-

ton and &t all times the piston is properly

lubricated. . As heretofore constructed, the

| head 11 for the closed end of these :final
compressing-cylinders has been::fitted-to the .
face of the support or-chamber surrounding .

the cylinder; but a serious:difficulty is ex-
perienced in properly packing the joint be-
tween the face and head so as to prevent

0 A

the escape of air, the strain upon this head .

being so great that the joint is easily af-
fected. To overcome: this diffieulty I:make -

the end of-the cylinder -to be closed to an
extent beyond the:face of the surrounding

head to fit closely upon the -end of:the cyl-

inder without contact with the surrounding

surface and then bolt the head directly to

3030

surface, .as at 12,” Fig. 6, and: construct the

 Jo R

the surrounding surface and outside the eyl-
inder, as indicated in IFigs. 4and 6., Thecyl-

inder is constructed with a shoulder 13 near

the closed end, so as to take a bearing in the
surrounding casingas a resistance against the.
| head, and so thatthe head maybe drawn-hard

IT10

upon the end of the cylinder, and force the -

shoulder 13 to a.solid bearing in the sur-

rounding casing. Under this arrangement,

I am enabled to make a metal packing close

and tight, and one which is not affected by

115

‘the strain brought upon the head under the

action of the piston. Thus constructed and

arranged, the cylinder is supported against

longitudinal movement entirely at one.end,

the other end resting in its bearing free to
slide therein, so that the expansion and con-
traction of the cylinder are provided for en-

tirely at the stuiiing-box-end, where the pack-

ing adjustsitself to such longitudinal expan-
sion and contraction of the cylinder. This
arrangement adds materially to the efficacy
of the complete fitting and stability of the
joint at the closed end of the cylinder.

The lubricating-passages may be regulated,
say as by screw-valves 14, (see Fig. 3,) or cut
off completely should occasion require.. -

In some cases the intermediate or second

compressing-cylinder may be dispensed with;

.320Q

125

130



IO

IS

20

30

35

40

50

4

448,859

the two oppositely, single-acting final com- I said principal eylinder discharges, a connec-

pressors working in combination with thatone
cylinder the same as with the two, so also may

‘the arrangement of the single-acting cylinder

whereby it is supported rigidly at one end
without Iongitudinal movement, but free at
the other end for such longitudinal movement
under expansion and contraction independ-
entof its stuffing-box. It will be evident that
in sueh ecase other known packing may besub-
stituted for the peculiar packing which 1 have
described. |

I make no claim in this aﬁplication on the

peculiar packing of the stuffing-box and a

reservoir-connection therewith, such being
the subject of an independent application.

I elaim—

1. In an air-comipressor, the combination of

a principal dou! le-acting air-compressing cyl-

inder, mechanism substantially such as de-
scribed to impart reciprocating movement to
the piston of said principal cylinder, a re-
ceiver into which the said double-acting cyl-
inder discharges, a pair of single-acting cyl-
inders of equal capacity, but arranged to oper-
ate in opposite directions and in connection

“with the mechanism by which the piston of

the principal cylinder isoperated, connection
from the said receiver to each of the said sin-
ale-acting cylinders, whereby oné of said sin-

gle-acting cylinders draws from the said re-

ceiver in one direction and the other single-
acting cylinderdrawsfrom thereceiverin the
opposite direction, and the said two single-
acting cylinders operating to deliver air on
the return-strokes, but in the opposite direc-
tion, substantially as described. o

2, In an air-compressor, the combination of
a principal double-acting cylinder, and a sec-
ond double-acting cylinder arranged in line
with each other, a cross-head- arranged be-
tween said two cylinders in longitudinal par-
allel guides, mechanism substantially such as

‘described to impart reciprocating movement

to said cross-head, the piston-rod of each of
said cylinders in connection with said cross-
head, and whereby the reciprocating move-
ment of the cross-head imparts like recipro-

cating movement to the pistons of the re-

spective cylinders, a receiver into which the

L

l

|

tion from said receiver of the principal eyl-
inder to the second cylinder, a second re-

ceiver into which the said second cylinder

discharges, a pair of single-acting pumps ar-

ranged upon opposite sidesof said cross-head

and parallel with the double-acting cylinders,
the pistons of said single-acting cylinders con-
nected at opposite points te the said cross-
head with connection from each of said sin-
gle-acting cylinders with the second receiver,
whereby each of said cylinders in its turn
draws from the said second receiver and both
discharge in opposite directions,substantiglly
as described.

3. In a compressing-pump, the pump-cylin-

| derrigidly supported at one end without longi-

tudinal movement,itsotherend supported, but
free forlongitudinal movement,the freeend of

| the pump extending beyond the face of itssup-
| port, combined with a stuffing-box around the

piston at the said free end of the cylinder,
the said stuffing-box recessed corresponding
to the said free end of the cylinder, and so
that the said free end of the cylinder-may
enter the said stuffing-box, the box secured
to the face of the support around the cylin-

| der, the end of the said cylinder forming one

end of the chamber in the stuffing-box, and
the said chamber of the stuffing-box provided
with a packing, substantially as described.
4. In a compressing-pump, the combination
of the pump-cylinder supported rigidly at one
end against longitudinal movement, that end
of the eylinder extending beyond the face of
its support, the head for that closed enA of

the projecting end of the cylinder, but se-

cured to the surrounding surface without con-
tact therewith, the other end of said c¢ylinder

arranged in a support free for longitudinal
movement, a stuffing-box at the said free end

of the cylinder, and a packing within said

box around the piston, substantially as de-
scribed.

EBENEZER HIILL.

Witnesses:
CHAS. J. HiLt,
- JOSEPH TAYLOR.
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‘the cylinder arranged to bear directly upon
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