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To all whom it may concern: -
Be 1t known that I, JOHEN PATTEN, a citizen
of the United btates residing at New York,
county of New York, and Stci,te of New York
have invented certain new and useful Im-—
provements in Apparatus for Producing and
Maintaining High Vacua, fully described and
represented in the following specification and

the accompanying drawings, forming a part

of the same.

This invention consists of a triple-cham-
bered vacuum-pump, the pump-chambers of
which are preferably arranged in vertical
axial alignment and are all Gontamed within
In the prefer-
able form of organizing the apparatus the
three pistons, which are hereinafter collect-
1vely referred to as the * piston system,” are
rigidly connected with each other and are
simultaneously reciprocated by means of a
single crank on the inner end of a rotating
shaft projecting into the interior of the cas-
ing. The three pump-chambers are of rela-
tively diminishing volume. "The first cham-
ber, herein called the “primary” chamber,
whichisatthetop,isthelargestandisthatinto

which the air from the vessel which 1s to be

exhausted 1s first drawn by the upwardstroke
of the primary piston. Af the commence-
ment of the ensuing downward stroke a posi-
tively - operated Valve, which has just pre-

alr was drawn 1into the primary chamber,
openscommunication from the primary cham-
ber into the second pump-chamber, which ig
herein called the “intermediate” chmnber,
and which is of smaller size than the primary
pump-chamber. During the downward stroke
of the primary piston the air is expelled from
the primary chamber into the intermediate
chamber, and its entrance therein is facili-
tated by the concurrent downward movement
of the intermediate piston. At the com-
mencement of the upward stroke of the pis-
ton system the valve which has just pre-
viously closed the communication between
the upper two pump-chambers opens com-
munication between the intermediate chan-
b-chamber,
which is herein called the “discharging-cham-
ber,” which is of still smaller size. 1t hence

s
a check-valveadjusted toyieldata presceribed

viously closed the passage through which the

piston system the air is expelled from the in-
termediate chamber and is driven into the
lower end of the discharging-chamber, into
which its entrance 1s facilitated by the con-

current upward movement of the discharging-

piston. At the commencement of the down-
ward stroke the valve, as before, opens com-
munication between the primary and inter-
mediate pump-chambers, having previously
closed the communication between the inter-
mediate and discharging pump-chambers, so
that during the downwm d stroke of the pis-
ton system Cthe air in the discharging-cham-
ber 1s compressed, and when its pressure rises
fliciently 1s discharged therefrom through

internal pressure. The intermediate and dis-
charging pistons are tightly packed in the
ordinary manner against the walls of the in-
termediate and discharging chambers,
spectively; but the primary piston, instead of
having a tightly-packed periphery, is pro-
vided with a downwardly-projecting cylin-
drical flange, which is partially immersed in
a body of oil or other sealing-liquid contained
in an annular cell, which e*ctends downward
from the bottom of the primary pump-cham-
ber. The primary piston, therefore,is an in-
verted cup-piston. Infact,it isaslightly-coni-
cal plate affixed to and closing the upperend of
a holloweylinder,thelowerend of which moves
up and down in the annular body of sealing-
liquid.  This plate is mounted upon the up-
per end of a hollow piston-rod, which is seated
in a bearing formed in the head of the inter-
mediate chamber. The lower end of this hol-
low piston-rod is secured to the center of the
intermediate piston, which is formed in one
plece with a shell extending down to and con-
nected with the discharging - piston. This
shell, which for convenience is herein called
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the “ piston-carrier,” has openings in its sides,

Cand 1s of sufficient diameter to allow space

for the projection into it of the driving-crank,
which is linked to a cross-head affixed to the
discharging - piston. The space within and
around this piston-carrier 1s in constant com-
munication, by means of the hollow piston-
rod, which has been referred to, with the
smee within the
piston. It results from this organization that

results that during the upward stroke of the | a comparatively small amount of power is re-
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quired to impart reciprocating motions to the | outward circumferential flange, which affords

pistons, becauge they are unaffected by at-
mospheric pressure in their movements and
because the large primary piston is moved
without any friction except the moderate
friction which results from the bearing of the
hollow piston-rod, to which it is attached,
upon its seat in the head of the intermediate
chamber. The primary chamber has a hollow
base, its lower end being a stationary cylinder,
which is of smaller diameter than the casing,
and which is closed at the top and open at the

bottom, where it is provided with an outward-

ly-extending circumferential flange. T'he sut-
face of this cylinder constitutes the inner
wall, the adjacent portion of the casing con-
stitutes the outer wall, and the flange at the
lower end of the stationary cylinder consti-
tutes the bottom of the annular cell contain-
ing the sealing-liquid. The closed head of
the intermediate chamber extends up into
the hollow base of the primary chamber.
[For the sake of keeping the working parts
thoroughly lubricated the portions of the in-
terior of the casing containing them are also
filled with oil. The intermediate and dis-
charge pistons are provided upon their pe-
ripheries with circumferential grooves, which
during the outward strokes of said pistons
from their respective chambers are carried

into the body of oil contained within the cas-

ing, and thus become filled, respectively,with
annular masses of oil, which upon their re-
turn-strokes they carry into their chambers,

and which not only serve the purpose of lu-:

brication, but also assist in packing the pis-
tons in their chambers.

Certain peculiarities in the mode of opera-
tion of the invention will be more conven-
iently pointed out after a detailed description
of the structure represented in the accompa-
nying drawings, which are as follows:

Figure 1 is a central vertical section of the
apparatus in a plane which 1s slightly diago-
nal to the vertical plane of the axis of the
driving-shaft, which, together with ils inner
bearing and the crank and pitman, 1s shown
in isometrical perspective, the plane of sec-
tion being indicated by the dotted line 1 1 on
Fig. 5. Fig. 2 is a vertical section taken
through the plane indicated by the dotted

line 2 2 on Fig. 3. Tigs. 3, 4, 5, and 6 are re-

spectively horizontal sections taken through

the planes indicated by the dotted lines 8 3,

44,55, and 6 6 on Iig. 1.
The pump structure represented in the

- drawings is contained wibthin an alv-tight cy-

6o

lindrical casing A. This casing 18 composed
of three sections—the base-section «, the in-
termediate section ¢’, and the upper section

a?. The base-section a is closed at the bot-

tom and has an outward circumierential
flange at its upper end, and around a portion

of its upper end also has an 1inward flange.

The lower end of the intermediate section af
is similarly flanged. The upper end of the

the bearing for the outward circumferential
flange of the hollow base of the primary pump-
chamber, upon the top of which the outer cir-
cumferential flange of the uppermost section
a? of the casing bears. The superposed out-
ward flanges are secured to each other by ver-
tical bolts and nuts. This sectional construc-

tion is adopted for convenience in assembling:

tlie various parts of the structure and may of
course be varied without departing from the
present invention. The reciprocating-piston
system is actuated by a horizontal driving-
shaft B, provided with one bearing b on the
outside of the intermediate section of the cas-
ing and with another bearing b’ inside the in-
termediate section of the casing. The over-
hanging end of thedriving-shaftv I3 has mount-
ed upon it a loose pulley B’ and a fixed pul-
ley B, toeither of which the driving-belt may
be applied. The inner end of the driving-
shaft has affixed to it the crank-disk IB®, pro-

‘vided with the erank-pin B* The pitman or

link C, hung at its upper end upon the crank-
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pin BY is pivotally connected at its lower end

with the cross-head D of the discharging-pis-
ton D’, which is tightly packed and reeipro-
cates in the discharging pump-chamber d.
The latter is preferably castin one piece with
the lowest section ¢ of the casing and 1s pro-
vided with an enlarged upward extension d’,
which affords the bearings for the cross-head
D, and the flaring upper end of which unites
with the inward flange of the lower section «.

The shell E, herein called the ¢ piston-car-
rier,” is formed in one piece with or rigidly
connected with the cross-head D, and at 1ts
upper end is formed in one piece with or rig-
idly connected with the piston If, which is
tightly packed and reciprocates in the inter-
mediate pump-chamber f. The head of the
piston If is conical and is perforated to ad-
mit the lower end of the hollow piston-rod G,
which extends upward through a vertical
bearing formed in the flanged plug g, which
is inserted in an aperture formed in the head
f’ of the intermediate pump-chamber /. At
its upper end the hollow piston-rod G 1is
affixed to the center of the conical head of the
primary piston II, which is an inverted-cup
piston composed of the conical head II7, se-
cured at its periphery to the upper end of the
cylinder IT? the lower end of which 18 open.
The primary pump-chamber /2 i’ is the space
within the upper section «® of the casing out-
side of the chamber. The stationary eylin-
drical shell I, which is closed at the top and
open at the bottom, is provided at the bot-
tom with the outward circumferential flange
I’, and which constitutes the hollow base of the
primary pump-chamber. |

The space between the outer ecasing and the
vertical wall 2 and above the flange 1’ of the
hollow base of the primary pump-chamber 1s
the annular cell 7/, for containing the seailng-
liguid in which the lower portion of the cylin-

intermediate section is also provided with an | der H? is immersed. It will be seen that the
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intermediate pump-chamber is of consider- | the lower end 12 of the tubular valve-stem

ably smaller diameter than the hollow base of
the primary pump -chamber. This affords
room for the formation upon the outside of
the intermediate pump-chamber of the verti-
cal duct J, connecting at its lower end with
the horizontal passage J’, formed through the
flange /* of the intermediate pump-chamber,
and serving as the communication between
the duct J and the exterior duet 4, formed on
the outside of the casing, which, through the
aperture ', communicates at its upper end
with the space within the upper end of the
casing above and around the primary piston.
The duct yis connected with the main indue-
tion-pipe 7?, through which air is drawn from
the vessel or chamber which is to be ex-
hausted. The duct J opens at its upper end
in the cell X, formed in a portion of the head

20 f"of the intermediate pump-chamber and pro-
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vided with the port k.. A sinuous passage &’
1s formed in the head f’ of the intermediate
pump-chamber and extends upward through
the plug ¢ in the hollow base of the primary
chamber. Theport £*of the sinuous passage
k" is at a short distance below the port %, and
at a short distance below the port 4? an aper-
ture 1s formed horizontally through the wall
of the intermediate pump-chamber, the mouth
of which constitutes the port %3

The vertical slide-valve L is provided with
a suitable cavity /, which enables it when in
its higher position to connect the port % of
the cell I{ with the port %? of the sinuous pas-
sage k', and by reason of such conneetion
when the primary piston is making its up-
ward stroke air is drawn from the vessel or
chamber which is being exhausted through
the induction-pipe 7% the ducts J’ and J, the
cell IS, the valve-cavity [, and the sinuous
passage £’ into the portion 7 of the primary
pump-chamber, which is inclosed by the cup-
piston. At the same time the intermediate
piston If is making its upward stroke and is
expelling air from the intermediate pump-
chamber f through the port 4% into the valve-
cavity !/, connecting with the tubular valve-
stem L’. The valve Lis held against its seat
by a spring M, which acts upon”a bearing-
block M’, along the face of which the valve
L slides during its reciprocating movements.
The tubular valve-stem issteadiedin its move-

ments by the fixed tubular bearing N, through

which it passes, and the tubular bearing N,
alfixed to the base of the lower section a, with

which the lower end of the valve-stemn forms

a telescopie joint. During the upward move-
ments ot the primary and intermediate pis-
tons the discharge-piston D is also moving
upward, and thus enlarging the capacity of
the pump-chamber d. The air expelled from
the intermediate pump-chamber and driven
down the tubular valve-stem I/ is afforded
an entrance into the pump-chamberd through
the port %% which opens into the tube N’ at

degree of pressure which may be desired.

when the valve is in its elevated position.

- T'he vertically-reciprocating movements of
the valve and valve-stem are controlled by an
eccentriconthe driving-shaft. Theeccentric-
strap O is connected by the eccentric-arm O’
with the pin 0% clamped or otherwise suit-
ably secured to the valve-stem, as illastrated
in IFig. 1. The eccentric is so timed with re-
lation to the crank on the primary shaft
that at the proper time the valve L in its
downward movement closes the port % of
the cell K, and thus opens communication
between the port £* of the sinunous passage
k" and the port &% communicating with the
intermediate pump-chamber. The down-
ward movement of the valve carries the
valve-cavity ! below, and thus closes the
port &% and also carries the lower end 1.2 of
the valve-stem below, and thus closes the port
ity leading to the discharging pump-chamber
. It follows that during the downward
stroke of the piston system air from the pri-
mary pump-chamber is driven through the
sinuous passage k', the valve-cavity I, and
port £° into the intermediate pump-chamber,
the piston of which is at the same time de-
scending, and thus enlarging the capacity of
the intermediate pump-chamber. |

The amount of pressure which the primary
piston exerts upon the air contained in the
primary pump-chamber is determined by the
welght of the column of sealing-liquid in
which the eylindrical flange of the primary
piston is immersed and varies, of course, with
the depth of such immersion. While the in-
termediate pump-chamber is thus being filled
the air contained in the discharging pump-
chamber d is being compressed by the down-
ward movement of the discharging-piston D’.
When the airin the discharging pump-cham-
ber d has been compressed to the desired ex-
tent, 1t ig discharged therefrom through the
check-valve P into the atmosphere, or through

| the pipe P’ into another chamber, as the case
may be. ‘I'hecheck-valvePisayielding valve,

which may be held upon its seat by atmos-
pheric pressare or by any other prescribed
A
portion of the inner flange of the lower see-

tion ¢ is cut away to afford clearance for the

eccentric-rod. Thelowerportion of the valve-
stem 1s contained within a cell Q, formed by
the vertical webs Q7 Q’, which unite the lower

section of the casing ¢ to the wall of the

pump-chamber d and to its extension /. The
cell  communieates with the interior of the
extension d’ through the aperture d?, as shown
in Iig. 1. o I |

The unoccupied space within the inter-
mediate section ¢’ of the casing, also that
within the cell Q, and also that. within the
extension ' of the pump - chamber d, is
ftiled with oil through the pipe R for the pur-
pose ot lubricating the interior moving parts

a point just below the position ocecupied by i of the structure. similarly the space be-
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in such vessels.

4 | :

tween the exterior of the intermediate pump-
chamber and the interior of the hollow base
I of the primary pump-chamber constitutes
an oil-chamber S, which is filled by oil forced
through the pipe 8/, an avenue of escape for
the air displaced by such oil being afforded
by the pipe 8% Theoil thus introduced serves
to Iubricate the bearing within the plug ¢ of
the hollow piston-rod G, to which it hasaccess
through the aperture ¢’, communicating with
the annular recess ¢% formed in the wall of
the aperture in the flanged plug g, through
which the hollow piston-rod G passes.

The intermediate piston I' and the dis-
charge-piston D’ are respectively provided
exteriorly with circumferential grooves I’
and D? which are alternately carried into the
body of lubricating-oil with which the inte-
rior of the structure is filled and carried back
again into their respective cylinders. The
oil caught in these grooves is carried.into the
cylinders and not only lubricates the pistons,
but forms liquid packing for them. The pis-
tons F and D’ are also in addition provided
with the usual packing-rings. Itwillof course
be understood that the driving-shaft where it
enters the casing must be so packed as to pre-
vent the leakage of oil from the interior of
the structure.
tion ¢ may be employed for the circulation of
cooling or heating liquids, such as may be
required to maintain the apparatus at any
prescribed temperature.

With thisinvention an unusually high vac-

num can be produced and maintained by the

expenditure of a comparatively small amount
of power. | |

The primary pump-chamber is of compara-
tively large capacity. Its cup-piston 18 not
exposed to atmospheric pressure, and, by rea-
son of having its lower cylindrical portion
immersed in the sealing-liquid, operates with-
out leakage and without appreciable friction.

Great difficulty has been heretofore expe-

rienced in the production and maintenanece

of a high vacuum in a chamber containing
any substance which vaporizes wn vacuo and
liquefies under atmospheric pressure or uneer
pressure less than atmospheric pressure. The
vapor of such a substance when drawn into
the chamber of an air-pump, and then com-
pressed by the expelling movement of the pis-

ton, is liable to econdense into a liquid and to

thus become of so little volume as not to be
expelled from the pump-chamber. In such
case when the piston makes its exhausting
movement, and thereby creates a partial vac-
uum in the pump-chamber, the liquid reva-
porizes and so fills the pump-chamber as to
leave little or no room for the entrance of a

fresh supply of vapor from the vessel which

it is sought to exhaust, and hence, of course,
prevents the establishment of a high vacuum
In the present invention the
occurrence of this difficulty is prevented by
effecting the necessary compression of the ex-
hausted vapor in different pump-chambers

The space U in the lower sec-

Y
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and by avoiding any degree of compression
in the primary pump-chamber which would
be sufficient to cause the vapor therein to
liquety. | |

The positively-operated valve M’ is so
{imed that it commences to move downward
from its highest position at the instant after
the piston system has concluded the first half
of its upward stroke, and immediately after
the piston system has arrived at the end of
its upward stroke the valve M’ has moved
down so far that all the valve-ports are cov-
ered. Immediately afterthe commencement
of the downward stroke of the piston system

75

30

the valve-ports k* and %° begin to be uncov-

ered by the downwardly-moving valve M/,
thus opening ‘communication by way of the
valve-cavity /, through which air or vapor
from the primary pump-chamber is both
forced and drawn into the intermediate pump-
chamber to occupy the space vacated by the
descending piston F. Thus the compressing
action of the downwardly-moving primary
piston tending to force the air into theinter-
mediate pump-chamber is co-operated with
by the exhausting action of the intermediate
piston, and there is never any backward rush
of the air or vapor from the intermediate
pump-chamber into the primary pump-cham-

ber. Similarly the positively-operated valve

M’ is so timed that it commences to move up-
ward from its lowest position at the instant
after the piston system has completed the
first half of its downward stroke. Immedi-
ately after the conclusion of the downward
stroke of the piston system all the valve-
ports are again covered; but the instant after
the commencement of the upward .stroke of
the piston system communication between
the valve-ports: & and &* begins to be estab-
lished through the valve-cavity /, and the
valve-ports k® and k* begin to be uncovered,
thus opening communication by way of the
valve-cavity ! and hollow valve-stem L.,
through which air or vapor from the inter-
mediate pump-chamber is both forced and
drawn intothe discharging pump-chamber to
occupy the space therein vacated by the as-
cending piston D. Thus the compressing or
expelling action of the upwardly-moving in-
termediate piston, tending to expel the airor
vapor into the discharging pump-chamber, 18
co-operated with by the exhausting action ot
the discharge pump-piston, and there is never
any backward rush of air from the discharge
pump-chamber into the intermediate pump-
chamber. .

In starting the apparatusinto operation the
primary cup-piston will at eachupward stroke
become filled with air or vapor at or near at-
mospheric pressure, but at each successive
stroke as the process of exhaustion goes on a
Jess and less quantity of air or vapor will be
drawn into the cup-piston. The annular

chamber containing the sealing-liquid affords

an avenue of escape for any compressed air
from the cup-piston in excess of the quantity
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pump-chamber. Such excess of compressed
air depresses the annular body of sealing-

arranged the terms “upward” and “down-

stant communication with said main indue-
tion-pipe, suitable valve ports and duets, and

diameter; %econd, an intermediate piston of

) |

which ean be discharged intothe intermediate y ing all three of said pump-chambers in con-

liquid between the vertical wall of the hollow | a positively-operated valve apparatus for ap- 7o
s base of the primary pump-chamber and the | propriately opening and closing communica-
inside of the cup-piston and escapes under | tion Dbetween sald pump- chmnber.-g; and be-
the lower edge of the cup-piston upward | tween the main induction-pipe and the end
through the body of sealing-liquid outside of | of the largest one of the said series of pump-
the cup-piston into the space in the upper ehmnbers opposite the end of the pump- 73
1o part of thecasing. During the upward stroke | chamber which is in constant communication
of the piston the sealing-liquid falls back by v1th the main induction-pipe.
its own gravity to its normal position. As In a compound vacuum-pump, the com-
the process of exhaustion goes on, the air or b'n&tmn, as herein set forth, of a primary
vapor drawn into the cup- p1--1011 is more and | pump-chamber provided at Lhe bottom with 8o
13 more rarefied, and the extent of displacement | an annular cell adapted to contain a sealing-
of the sealing-liquid 1s oradually diminished, | liquid for a cup - piston, an intermediate
until finallv the weight of the column of qeaL- pump-chamber and a discharge pump-cham-
ing-liquid is suih cient to counterbalance the | ber composing a series of three pump-cham-
compressed air or vapor in the cup-piston | bers of successively diminishing size ar- 85
2o during the downward stroke thereof. ranged in vertical axial alignment and con-
It will of course be understood that the tained within a closed casing, a like series of
~ series of pump-chambers of relatively dimin- | reciprocating pistons rigidly connected with
ishing size need not necessarily be arranged | each other and moving as a unit, and em-
in vertical axial alignment, and that if not so | bracing, first, a cup-piston of rel&twely large go

ward,” applied to the strokes of the several | smaller dmmeter, and, third, a discharge-pis-

pistons, would not necessarily apply, for the
several pumps might be so arranged that the
downward strokes would in all cases be the

ton of still smaller diameter; a duct connect-
‘ing the upper part of the first or primary
pump-chamber with the space within the cas-
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'ing beneath the intermediate pump-chamber,
a main induction-pipe communicating with
the upper part of the said primary pump-
chamber, suitable valve ports and duets, and

expelling or compressing strokes, whereas in
the organization shown in the drmvmﬂs the
expelling or emnpre%‘smﬂ stroke of the inter-

mediate piston 1s 1ts upward stroke.

30

The arrangement in vertical alignment of | a positively-operated valve apparatus for 1oc
3¢ the several pump chambers and pistons is | alternately opening and closing communica- '
- advantageous because of the compactness of | tion between the adjoining pump-chambers

organization which it permits and thefacility | and between the interior of the cup- piston
“with which the working parts of thestructure | and the main induetion-pipe.
may be inclosed in a cylindrical casing. 4. In a vacuum-pump, the combination, as 1oj;
40 - What is claimed as the invention is— herein set forth, of the pump-chamber B h,
1. A compound vacuum-pump consisting, | the 1euproe&tuw inverted-cup piston I, the
essentially, of a main induction-pipe, a series | annular cell 2/, adapted to contain a body of
of three pump-chambers of successively di- | sealing-liquid tor packing said cup-piston,
minishing size, a like series of reciprocating suitable valve ports and duets, and a posi- 110
45 pistons, suitable passages for keeping-all | tively-operated valve apparatus for keeping
“three of the pump-chambers at one end in | the space /v inside the cup-piston in commu-
constant communication with the main in- | nication with part 4’ of ‘the pump-chamber
duction-pipe, suitable valve ports and ducts, | outside the cup-piston during the upward
and a positively-operated valve apparatus for | stroke of said cup-piston and for closingsuch 115
so appropriately opening and closing communi- | communication and opening an eduction-
cation between said pump-chambers and be- | passage for the dischavge of air orvapor from
tween the main induction-pipe and the end | the space & within the cup-piston during the
of the largest one of said series of pump- | downward stroke thereof.
chambers opposite the end of said chamber 5. In a vacuum-pump, the combination, as 120
¢ which is in constant communication with the | herein set forth, of the pump-chamber 7 7/,
main induction-pipe, substantially as and for | the 1*ef31plocatmﬂ inverted-cup piston H, the
the purposes hereinafter set forth. annular cell ¢/, adapted to contain a body of
2. Inacompound vacuum-pump, the combi- | sealing-liquid for packing said cup-piston,
nation, as herein set forth, of a series of three | suitable valve ports and ducts, and a posi- 123
60 pump—chambers of suceesswely diminishing | tively-operated valve apparatus for keeping
size arranged in vertical alignment and con- | the space /i inside the cup-piston in commu—
tained Wlthm a closed casing, a like series of | nication with the main induction-pipe 7° and
reciprocating pistons 1"igidly connected with | with the part 4’ of the pump-chamber out-
each other and moving as a unit, a main 1n- side the cup-piston during the upward stroke 130
65 duction-pipe and a discharge-pipe connected | of said cup-piston and for cloging such com-

with said casing, suitable passages for keep- | munication and opening a passage for the dis-
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charge of airor vaporfrom the space N within

the cup-piston during the downward stroke
thereof.

6. In a vacuum-pump, the combination, as
herein set forth, of a primary pump-chamber
of relatively large size, the reciprocating . in-
verted-cup piston H, the annular cell?” at the
bottom of said primary pump - chamber,
adapted to contain a sealing-liquid for paek-

ing said cup-piston, the pump-chamber f, of |

smaller diameter than the said cup-piston,
and the piston F, reciprocating in said cham-
ber f, suitable valve ports and duets, and
positively-operated valve apparatus for keep-
ing the interior of the cup-piston II in com-
munication with said pump-chamber f only
during the compressing-stroke of the piston
IH and the exhausting-stroke of thepiston I,
and for keeping the interior of the cup-pis-
ton  1n ecommunication -with the main in-
duction-pipe 7%, and at the same time keeping
open the passage through which the contents
of the pump-chamber f-are discharged dur-
ing the exhausting-stroke of the piston II and
the compressing-stroke of the piston F.

7. The combination, as herein set forth, of
thereciprocating inverted-cup piston Il, the
primary pump-chamber provided with the

hollow base I, the outer side of which consti-

tutes the inner wall of the annular cell?/, the
pump-chamber 7, extending upward into the
hollow base I and provided near the top with
the aperture £ and suitable valve ports and
ducts, and positively-operated valve appa-
ratus, as and for the purposes described.

3. 'T'he combination, as herein set forth, of
the primary pump-chamber, the reciprocating
inverted-cup piston H, packed by the immer-
sion of its lower edge in a body of sealing-
liquid contained in the annular cell ¢/, the
intermediate pump-chamber 7 and its piston
F, of smaller diameter than the said cup-pis-
ton, the discharge pump-chamber d and its
piston D', respectively of smaller diameter
than the pump-chamber f and piston I, the
check-valve P,adapted to yield to a preseribed
internal pressure and to thus permit the dis-

charge of air from the discharge pump-cham-

ber d, suitable valve ports and duets, and

so positively-operated valve apparatus for keep-

1ng open communication between the interior
of the cup-piston II and the main induction-

pipe ¢ and between the pump-chamber f and

° 497,792

the discharge pump-chamber ¢ only during
the upward stroke of the piston system, and
for keeping open the communication between
theinteriorof the cup-piston H and the pump-
chamber 7, and also keeping the communica-
t1on between
pump-chamber d closed during the down-
ward stroke of the piston system.

J. The combination, as herein set forth, of
the hollow piston-rod G, the cup-piston I, and

the pump-chamber f and the
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the intermediate piston If, for the purpose of |

keeping the upper portion i” of the primary
pump-chamber In communication with the
interior of the casing below the piston F.

10. The combination, as herein shown and
described, of the middle section ¢’ of the cas-
ing, for contmmnﬂ a body of sealing and lu-
bricating liquid, the extension d’ of the dis-
charge pump-chamber, opening at its upper
end into the satd middle section, and the in-
termediate pump-chamber 7, opening at its

i lower end into the said middle section, and

the pistons D’ and F, respectively provided
exteriorly with the eireumferential grooves D?
and .

11. Tne combination, as herein shown and
described, of the hollow base I, the primary
pump- Oh"lmb(}l and the O\t@l‘lO] ly-flanged 1n-
termediate pump-chamber 7, contained with-
in the said hollow base I, the oil-supply pipe
S, and air-escape pipe 52, as and for the pur-
poses set forth. |

2. The combination of the mtermedmte
pump-elmmber 7, provided with the aperture
/%, the discharge pump-chamber d, and pas-
sage [, with the hollow valve-stem 1., for
serving asthe ductof communication between
the said aperture I° and the said passage £,
substantially as and for the purpose set forth.

13. The piston-carrier E and pistons D', H,
and If, connected to said carrier and arranged
in vertical axial alignment, in bombmatmn
with the (11‘1\?1113-(,1"3 nk (11%1{ B® and pitman

C, projecting into the interior of the piston-

carrier K, as shown and described.
In testimony whereof 1 have hereunto set
my hand in the presence of two subseribing

witnesses.
JOHN PATTEN.

Witnesses:
J. J. KENNEDY,
T. H. PALMER.
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