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19 Clmms

Th1s invention relates to improvements in ma-
" chines of the sliding piston or positive displace-
ment type, which may be used, for example, as
COmpressors or pumps to operate on air and
other gases.

One of the objects of this mventlon is- to pro-
vide a machine of this type with means of im-
proved construction for reducing side thrust of
pistons on their cylinders.. A further object of
this invention is to provide an improved construc-
tion, in which the angular relationship between
the pistons and their connecting rods-is small
when these parts are subJeoted to their greatest
stresses.

- A further object of this invention is to pro-
vide a machine of this kind with means of im-
proved construction for cooling the same, where-
by large amounts of heat can be readily removed
from the machine. Another object is to provide
a machine of this kind in which heat is removed
by air circulating within the pistons. A further
object is to provide a machine of: the revolving
cylinder type in which the pistons extend beyond
the outer ends of the cylinders and are provided
with air passages through which air passes be-
cause of the movement of the pistons relatively
to the surrounding air.

Another object of this invention is to provide
a compressor of this kind of improved and sim-
plified -construction and of high efficiency.
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- A further object of this invention is to provide -

an improved method of compressing gas in which
residual compressed gas left in a - compressing
member after exhaust, is added to gas at a lower
pressure which is about to be compressed.

It is also an object of this invention to provide
compressors with means for injecting a super-
charge of gas into a cylinder after completion of
its intake stroke.. A further object is to pro-
vide a compressor of this type with means where-
by residual compressed gas remaining in a cylin-
"der after the eclosing of the discharge valve is
added to a charge of gas at a lower pressure,

“and which is about to be compressed. Another

object of this invention is to provide a compres-
sor of the revolving cylinder type, which is pro-
vided with g central valve member with which
the: cylinders cooperate and which has a pas-
sage for conducting residual compressed gas from
one cylinder to a charge of gas to be compressed
in another cylinder.

Another object of this invention is to provide
a compressor of the revolving cylinder type with
means of ‘improved construction for reciprocat-
ing the pistons in the cylinders. It is also an
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object of this- mvention to provide single or: in-
tegral supports which carry both a cylinder wheel
bearing and piston rod bearings, so that the forces
resulting from the movements of .the pistons in
their-cylinders will react within such supports.
‘A further object of this invention is to provide a
compressor of the revolving cylinder type with
means of improved construction for cooling the
cylinders. A further object is to provide a com-
pressor-of this type with means of improved con-
struction for circulating cooling air through the
housing of the compressor and to the parts of the
compressor requiring cooling.” A further object
is to so construct the compressor that the cooling
air-may- be filtered or cleaned to prevent abra-
sive particles from entering the compressor hous-
ing. I is also an object of this invention to
80 coustruct a compressor that the revolving of
the cylinders produces a  flow of cooling air
through the housing of the compressor. It is
also an object to provide connecting rods which
are shaped so as to produce movement of air
toward the exterior surfaces of the cylinders for
coolmg them. -

1t is also an object of this invention to provide
an improved .piston for use in connection with
compressors of this type. A further object of this
invention is to provide a piston in which the
head of the piston is so arranged relatively to
the other parts of the piston as to facilitate cool-
ing thereof and to resist the passage of heat
from thé head of the piston to the other parts
of the piston. Another object of this invention.
is to improve the construction of pistons to facili-
tate the cooling of the same.

It is also an object of this invention to pro-
vide an improved process of cooling machines
of this type by removing more heat from the pis-~
tons than from the cylinder walls.

Another object is to provide a machine of
this type with means for purifying the air em-
ployed for coolmg’ the machine,

It is also an obJect of this invention to im-
prove the construction of gas compressors of the
rotary cylinder type in such a manner as to
prov1de for improved and more efficient com-
pressmg of -gas.

- Other objects. of - this inventmn will appear
from the following description and claims. -

Inthe accompanying drawings:

Fig, 1 is an-end elevation, partly in section,
of a-compressor embodying this invention.

- Fig. 2:is a’ fragmentary end elevation of the
other end ‘of the compressor along line 2—2, Fig:
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3, on a larger scale, the discharge tube of the
compressor being shown in section.

Fig. 3 is a fragmentary, sectional elevation
thereof on line 8—3, Fig. L.

. Fig. 4 is a fragmentary, sectional elevation
thereof on line 4—4, Fig. 3.

Fig. 5 is a side view of a portion of the com-
pressor, in. which the curved peripheral portions
thereof are shown as if in a plane, the view being
partly in section, on line 5—75, Fig. 4.

Fig. 6 is a fragmentary, transverse, sectional
elevation thereof on line 6—8, Fig. 3.

Figs. 7 and 8 are fragmentary, transverse sec-
tional elevations thereof on line 1—1, Fig. 3, the
parts being shown in different positions in the
two figures.

Fig. 9 is a fragmentary perspective view of the’

valve of the compressor.

Fig. 10 is a central, sectional elevation of a pis-
ton, the section being taken on line 10—10, Fig. 3.

Fig, 11 is a sectional elevation of the piston on
line t1—I11, Fig. 10,

Fig. 12 is a top plan view thereof.

Figs. 13 and 14 are transverse sectional views
thereef on lines 13—13 and 14—14 respectively
of Fig. 11.

Fig. 15 is a diagram showing the relative angu-
lar relations between the pistons and their con-
necting rods while in different positions about
the axes of rotation of the cylinders and of the
eccentric ring to which the connecting rods are
pivoted. .

While I have shown my improvements em-
bodied in a rotary cylinder type of compressor,
yet it will be obvious that it is not intended to
limit all of the improvements herein described to
the type of compressor shown in the drawings,
since some of the improvements shown may be
used in connection with machines for other pur-
poses than compressing gases and with machines
in which the cylinders are stationary.

My improved machine may be mounted on any
suitable or desired stationary supports and may
be enclosed in a housing or casing of any desired
construction. In the particular construction il-
ustrated by way of example, I have provided a
housihg or enclosure, including a lower part 20
and an upper, removable part or cover 21, which
may be suitably secured to the main or lower
housing part 20. The lower housing part is also
provided at its opposite ends with integrally
formed pedestals or supports for the revolving
parts of the machine, these pedestals including
two pairs of upright struts or flanges 22 which
may be formed integral with the housing and
which are connected at their upper ends by sub-
stantial horizontal webs or flanges 23 formed to
support the mechanism. A housing and sup-
ports of any other suitable or desired construc-
tion may be employed, if desired.

The machine shown in the drawings includes
two revolving parts which rotate about different
axes. In the particular construction shown, the
cylinders rotate about an axis which is eccentric
with reference to a rotary member which the pis-
ton rods are connected to, to produce relative
movement between the pistons and their cylin-
ders. I provide at each end of the machine a
main stationary bearing support 25 on which the
two revolving elements of the machine are jour-
nalled and which, in turn, is mounted upon the
pedestals or supports 22. Consequently, each end
of the machine is provided with one of these
bearing supporting members 25 which are of tu-
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projections 26 arranged to be mounted on the
supporting flanges 23 of the pedestals 22. The
bearing supporting members 25 are each provided
with an annular cylindrical portion or flange 27
within which a suitable bearing, such as a roller
bearing 28, is arranged. Each bearing support is
also provided with a cylindrical portion 29 of
larger diameter and eccentric with relation to the
bearing flange 21. Another bearing 30 is ar-
ranged on the periphery of the cylindrical por-
tion 29. These two flanges or cylindrical por-
tions are connected by a vertical web 31. 32 rep-
resents an annular flange which is connected by

. means of radially extending ribs or supporting
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bular form and have oppositely exteriding lugs or 75

parts 33. with the cylindrical flange 29. The sev-
eral parts of each bearing support are preferably
formed integral, thus forming a strong and rigid
hearing support which is amply capable of with-
standing the reacting forces transmitted thereto
by the bearings 28 and 30.

The bearings 28 of the two bearing supporting
members 25 have their inner races 35 secured to
rotatable. hollow trunnions or shafts 36 and 317
which -extend freely through the stationary bear-
ing supporting members. The inner ends of these
trunnions are suitably secured to-a cylinder-car-
rying member or wheel with which the cylin-
ders are preferably formed integral and which
includes a plurality of cylinders 38 connected by
radially extending webs 39 and alsoe preferably by
a series of radiating and reinforcing fins 40 which
are substantially annular in form and concentric
with the axis of rotation of the cylinder wheel.
The trunnions 36 and 3T may be secured to the
cylinder wheel in any suitable or desired manner,
and in the construction shown, the inner ends of
the trunnions are provided with outwardly ex-
tending flanges 41 which may be secured by bolts
or other means to the cylinder wheel, see partic-
ylarly Fig. 3. Consequently, the cylinder wheel is
rotatably mounted on the bearings 28, and one of
the hollow trunnions, for example the frunnion
36, may be provided at the outer end. thereof
with any suitable means for driving the cylinder
wheel, a grooved pulley 42 being shown by way
of example in Fig. 3. :

The cylinders are provided with pistons 44
which will be hereinafter deseribed more in de-
tail. These:pistons may be reciprocated in their
cylinders in any desired manner, and in the con-~
struction illustrated by way of example, the pis-
tons have pins 43 extending transversely through
the same near the outer ends thereof. These pins
45 also. extend outwardly -beyond the sides of the
cylinder wheel, this wheel being provided at the
cylinder portions. thereof with slots 46 into which
the pins 45 may enier when the pistons are in
their inner positions. On each end of each pin
45, one end of a piston rod or link 48 is jour-
nalled on suitable bearings 49, and the other ends
of the piston rods or links 48 are pivoted on mas-
ter rings which are journalled to rotate about the
bearings 30, eccentrically with reference to the
axis of rotation of the cylinder wheel. In the
particular construction shown, these master rings
are each constructed of two parts or halves 51
and 52, secured together by means of serews 53
which also serve-as pivots for the other ends of
the piston rods or links. Suitable bearings 54
are arranged between the pins 53 and the inner
ends of the connecting links or rods. The master
rings. are arranged.at the opposite sides of the
cylinder wheel, and since the master rings rotate
about.the bearings, which are eccentric with ref-
erence to the bearings 28 of the cylinder wheel,
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it .will be obvious that at each rotation of the
cylinder and master rings, the pistons 44 will be
moved by their piston rods 48 through-an-in-
wardly directed working stroke and-an outwardly
directed intake stroke. I

In order to cause the master rings'and cylinder
wheel to rotate about their axes simultaneously
and in correct relation to each other, a suitable
connection between these parts is provided. In
the construction illustrated by way of example,
I have provided the outer portions 52 of the ec-
centric master rings with a plurality of outwardly
extending arms 56, four such arms being shown
in Fig. 4. 'To the outer end of each of these
arms, one end of a master ring link 57 is pivot-
ally connected. ‘The other ends of these Jlinks
are pivotally connected with the cylinder wheel.
This may be accomplished in any desired man-
ner, and in the construction. shown, the -cylinder
wheel is provided between some -of the cylinders
with enlargements or bosses 58 in which pins 59
are arranged, the pins being preferably journalled
in these bosses. The ends of the pins are secured
to the other -ends of the master ring links §7.
1t will be noted that during the rotation of the
master rings and the cylinder wheel, the links 57
occupy various positions, as shown in Fig. 4, and
when these master ring links are in or near a
plane passing through the two axes of rotation,
no driving force can be transmitted through such
links, but at such times the ‘other links are.not
located near this plane and will transmit the neec-
essary force for driving the master ring from the
cylinder wheel, which is positively driven from
the pulley 42 or other driving means. The dis-
tance between pivotal centers of the master ring
links 51 must be the same as the distance be-
tween the axes of the cylinder wheel and the
master ring. By means of this arrangement, the
relationship between all of the cylinders and their
pistons will be the same as they- pass any point
in their path of movement about the center of ro-
tation of the cylinder wheel, and also the con-
necting rods on both sides of the cylinder wheel
are kept in alinement with each other so that the
resultant of the force transmitted by a pair of
rods to its piston is substantially coaxial with the
piston, which, in turn, results in elimination of
any cocking or wedging action on the pistons and
of any tendency to turnor twist the pistons about
their axes. . - -
" In order to supply gas to be compressed to the
cylinders and to discharge the compressed gas
from the cylinders, a tubular member is provided
having both an inlet passage and a discharge pas-
sage therein, the member shown including an in-
let duct 60 which extends through the hollow
{runnion 36 and a discharge duct 61 which ex-
tends through the hollow trunnion 37. These in-
let and exhaust ducts are preferably formed in-
tegral with a valve member 62 arranged for co-
operation with the cylinder wheel . at the inner
ends of the cylinders 38. ‘This tubular member
including the valve 62, as well as the ducts 80
and 61, in-the particular construction shown, is

stationary with reference to the cylinder wheel, -

and the valve member is of frusto-conical shape.
The valve member is provided with a relatively
large inlet port 63 which forms substantially a
continuation of the inlet duct. or passage 60 and
a smaller exhaust or discharge. port 64 which
forms a continuation of the discharge duct 6l.
Both of these ports are of elongated form in order
to. cooperate with elongated ports formed at the
inner ends of each of the cylinders:38.. The dis-
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charge duct 6§ may of course be of smaller diame-
ter than the inlet duct, and this enables the dis-
charge duct to be spaced from the trunnions 37.

‘This space between the duct and the trunnion

resists the transmission of heat from the hot duct
61 to the trunnion bearing. If desired, suitable
heat-insulation may be provided in the space be-
tween this duct.and the trunnion. .
The middle portion of the cylinder wheel is
provided with a frusto-conical bore formed for
close fitting cooperation with the valve member
62, and the cylinder wheel is provided at the op-
posite ends of its frusto-conical bore with annu-
lar imperforate sealing surfaces 66 and 67 which
fit against : corresponding surfaces 68 and 69
formed on the valve member so that when the
valve is in its operative position, discharge of
gases past the cooperating sealing surfaces is pre-
vented. The cylinder wheel is provided at its
frusto-conical valve-engaging base with an elon-
gated port 78 for each cylinder. The opposite
longer bounding edges of these ports 10 are ar-
ranged at an inclination to each other because
of :the frusto-conical form of the valve member,
so that all portions of any longitudinal edge of
any of the ports 10 will simultaneously come into

" and pass out of registration with the longitudi-
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nal edges of the ports 63 and 64 of the valve
member, thus reducing wire drawing to a mini-
mum at the discharge ports. .

Inorder to produce discharge ports of this nar-
row elongated type, the cylinders are provided at
their inner end. portions with converging side
walls -which are formed to.converge uniformly
from their outer portions of cylindrical cross sec-
tion to the valve ports 10 therecf. Consequently,
the side portions Tl of the cylinder ends which
are nearest to adjacent cylinders are preferably
substantially flat, see also Figs. 6 and 7. This
makes it possible to provide a relatively large
number of cylinders in the cylinder wheel, and at
the same time keep the valve 62 of relatively
small diameter. - The cylinders in the construc-
tion shown -are provided. in their cylindrical por-
tions with cylinder sleeves 12 rigidly secured
thereto, which may be-of a material differing from
the material of which the ecylinder wheel is made.
For. example, the cylinder sleeves 12 may be of
cast iron and the cylinder wheel may, if desired,
be made of a light weight metal or alloy.

By means of the construction of the valve and
valve ports, the ports, because of their elongated
shape, have the desired cross sectional area and,
at the same time, the frusto conical valve member
is of comparatively small diameter, so that the
lineal speed of the frusto conical portion of the
revolving cylinder wheel with reference to the
stationary valve, is kept small enough to avoid
excessive wear of these contacting surfaces.

The. stationary valve may be maintained in
tight seating relation to the frusto conical inner
portion of the cylinder wheel in any suitable or
desired manner, and preferably, this is accom-
plished by yieldingly urging the valve member
and its inlet and discharge passages in.a length-
wise direction to seat the valve member in the
For example, in the
construction illustrated, the discharge duct 61 of
the valve member is provided with an:outwardly
extending flange 14 suitably secured to the dis-
charge duct 61, for example, by means of a screw
threaded connection, as shown, and this flange 14
is yieldingly urged to the left in Fig. 3, by means
of springs 15 extending about bolts or studs 16
which are: screwed.into a stationary disk or port
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11 of the machine. This disk 1T also.serves the
purpose of holding the bearing 28 in place, as
clearly shown in Fig, 3. A similar bearing-re-
taining disk 18 is provided at the opposite end of
the machine, which is held in place by nuts or
studs 79, Fig. 1, which engage in threaded holes
in the cylindrical portion ¢r flange 27T of the sta-
tionary bearing support 25, and similarstuds or
screws (not.shown) may be used for securing the
disk 18 to the other stationary bearing shaft 25
on the discharge end ‘of the machine. Conse-
querttly, the springs 15 urge the flange 14 to the
left in Fig. 3 and urge the valve into seating en-
gagement in the bore of the cylinder wheel.
Nuts 88 are adjustably mounted on the studs 16
to permit varying the pressure with which the
valve is urged info seating engagement with the
bore of the cylinder wheel, s5o'that the pressure of
the springs can be varied, depending upon the
pressure of the fluid «discharged from the cylin-
ders.

The valve construction described is desirable
for the reason that the springs autematically
compensate for wear of the valve or of the metal
at the bore of the cylinder wheel.

The flange 74 and the studs 76 may also-be used
to Irold the tubular member and the valve against
turning with the cylinder wheel. For this pur-
pose, the flange T4 may be provided with slots 81,
Figs. 2 and 3, into which the ends of the studs 16
extend. Since during the rotation of the eylinder
wheel, these studs will bear against one side only
of the slots, the studs are preferably provided
with flat sides which bear against the sides 82 of
the slots, with which they will engage during the
rotation of the cylinder wheel, and the slots are
alse formed so that each side 82 lies substantialty
in a radial plane extending through the center of
rotation of the ecylinder wheel. Consequently,
the studs 16 oppose force tending to turn the
flange T4 without producing radial components
of this force. "The slots 81 are also made long
enough and wide enough to permit any slight
movement that may be imparted to the discharge
duct 6t becamse of inaccuracies. in machining.

83 represents a pipe or tube which conducts the
compressed gas from the discharge duct &1, and
which in the construction shown has .3 flange
which is secured to the flange 14. This tube 83 is
preferably flexible to allow for.any slight move-
ment of tlre duct 61.

In the operation of the compressoer as thus far
described, when. power is applied to rotate the
trunnion 38, the cylinder wheel rotates about its
axis. Through the medium of the master ring
linkg §17, rotary motion is imparted from the eyl-
inder wheel to the eccentric master rings ar-
ranged at opposite sides of the cylinder wheel and
mounted on the bearings 30, which are eccentric
with relation to the axis of rotation: of the cylinder
wheel. Consequently, the. pistons will be. caused
to reciprocate in their cylinders, some of the var-
ious positions of the pistons being shown in Fig. 4.
In the machine illustrated in the drawings, the
aXis «of rotation of the cylinder wheel is located
vertically above the axis of rotation of the
master ring and, consequently, when g cylin-
der reaches approximately the upper portion of
the machine, its piston will be in its inmer posi-
tion. Assuming that rotation is in.a clockwise
direction in Fig. 4, earh piston, as: it moves with
the cylinder wheel from the upper positien, will
move. outwardly, and will move into communica-
tion: with the last inlet port 63 of the valve mem-
ber. ‘When it reaches the lower portion of its
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movement, the piston will ‘be in its outermost
position, and. from then:on to its upper position,
it 'will be moved inwardly in its cylinder to com-
press ‘the gas taken in. -During a part of the
time that a cylinder passes through the upper,
left quadrant in Figs. 4, 6, 7 and 8, its port moves
into registration with the discharge port 64 of
the stationary valve, thus discharging the com-
pressed ‘gas into the discharge duct 61. Conse-
quently, it will be noted that the greater portion
of the work done by each piston will be in the
upper, left .quadrant of Fig. 4, and the maximum
power is required by the piston during this portion
of its stroke. Tt will also be noted that very
little side thrust is applied to the pistons by the
piston rods 48 during the intake or suction stroke
which takes place: during the movement of the
piston from the upper to the lower position, since
centrifugal force will:act on the pistons in a direc-
tion to move them radially outwardly. This is
due to the fact that the axes of the pistons and
cylinders extend radially from the axis of rotation
of the cylinder wheel, so that the centrifugal force
acting on the pistons produces no side thrusts of
the pistons on the cylinders. - It will also be noted
that the piston rods 48 will occupy positions in
angular relation to the axes-of their cylinders and
pistons in all but two points of their path of rota-
tion, namely, when the piston rods 48 are in radial
planes of the cylinder wheel, i. e. in planes in
which the axis of rotation of the cylinder wheel
lies. Consequently, the piston rods will tend to
produce side thrusts on the pistons during all por~
tions of their paths of movement except at said
two points when these piston rods are in said ra-
dial planes of the eylinder wheel, the extent of
the side thrusts depending upon the size of the
angle between said radial planes and the piston
rods, and upon the amount of forece transmitted
by the rods to the pistons. Since these side
thrusts result in wear on the pistons-and cylin-
ders, it is desirable to reduce them to a minimum.

I have found that these side thrusts can be
greatly reduced by positioning the master ring
with reference to the cylinder wheel in sueh -a
manner that the piston axes will lie in the same

- plane as the centers -of the piston rods 48, i, e.,

in dead-center positions, when- the pistons are
subjected to high gas pressure. - This can be ac-
complished by so connecting -the master ring to
the cylinder wheel by means of the master ring
links 57 that the master ring will be slightly in
advance of the cylinder wheel in the direction of
rotation. In other words, if it be assumed that
the “normal” position of the master ring would
be such that the piston rods lie in the planes of
the axes of the pistons, when the pistons are in
their uppermost and lowermost positions, and as-
suming that the cylinders, when in their upper-
most positions have just been disconnected from
the discharge port -64 of the valve, then according
to my invention, I secure the master ring to the
cylinder wheel in such manner that the master
ring will be in advance of such “normal” position
in the direction of rotation. The extent to which
the master ring may be advanced depends upon
several factors and, consequently, may vary con-
siderably, and in the construction shown by way
of example in Figs. 4 and 15, the master ring is
shown as advanced seven degrees. 'The effect of
this advance will be-apparent upon inspection of
Fig. 15, in which 84 represents the center or axis
of rotation of the cylinder wheel and 85 the cen~
ter or axis of rotation of the master rings.  In
this figure the positions of the piston rods are
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. air which can be admitted to the cylinder during

shown diagrammatically at intervals-of 10° by
the lines 86, connecting the pivot pins 53 of the

master ring with the pins 45 of the pistons.  Any -

radial line, such as lines 81, drawn from the center

. 84 to a pin 45 will indicate the axis or center line:

of the piston in such position, and. the radial
planes of the :cylinder wheel. It will be noted
on this diagram that at the left half of the path
of nmovement of the pistons, in which they require
the most power, the angles between the radial
planes of the cylinder wheel:and the piston rods;
i. e. between lines 8T and 86, are much less than
in the right half of the diagram, in which the

5

the intake stroke. :

In accordance with my invention, I provide an
improved method and means whereby this resid-
ual gas is discharged into a cylinder in which the
piston has just completed .its intake, and in
which the intake valve is closed. This residual
gas, consequently, supercharges the cylinder into

which it is discharged, so that this cylinder will

10

forces transmitted by the piston rods to the piston ’

are the least. It will also be noted that radial-

planes 87 and piston rod lines 86- will coincide
at a point somewhat less than-30° from the ver-

tical at the top of the diagram, at which point:

the pressure of the compressed fluid in the cylin-
der is approximately at the maximum, and con-
sequently, at this point there will be no side thrust
on the piston. At either side of this point, the
angle between lines 86 and 87 will be very small,
so that the side thrusts at these points will'be
correspondingly small. o

"It will also be noted from Fig. 15 that the po-

sitions in which the piston rods are in the radial

planes of the cylinder wheel are in the left,_,half
of the path of rotation, and that the angles_be-

tween the radial planes 87 and the lines 86 are -

also smaller in this left half, and since the gas
pressures acting on the pistons in this half of
their path of movement become increasingly

greater, the smallness of these angles results in.

decreased side thrusts. The construction de-

scribed consequently results in the piston . rods
passing through these radial planes 87 twice dur-.

ing and before completing their compression
strokes. This greatly reduces the. side thrusts
of the pistons on their cylinders during the com-~
pression stroke. . . e .
As a result of the advanced, angular relation of
the master ring relatively to the cylinder wheel,
the angles between lines 86 and.87 at the right
half of the path of movement of. the pistons will

be greater than they would be if the master ring-

had not been advanced. Since, however, Very
little power is transmitted to the pistons by the
connecting piston rods at this right half of the
path, correspondingly small side thrusts will be

produced in this half of the path. “If it should:

happen that centrifugal force alone is sufficient
to move the pistons outwardly during their suc-
tion strokes, then no power would be transmitted
by the piston rods 48, and no side thrusts would
result, regardless of the angular relation be-
tween the lines 85 and 87, because of the fact
that the axes of the cylinders and pistons are
radial with reference to the axis of rotation of
the piston wheel. = Even if centrifugal force does
not fully eliminate side thrusts, it will neverthe-
less greatly reduce such side thrusts as occur ab
the right half of the path of movement of the pis-
tons. The arrangement described consequently
materially reduces the wear on the pistons: and
cylinders resulting from side thrusts produced by

the piston rods.

Tn- compressors as now commonly constructed,

the r_esidual»compressed gas which remains in a
cylinder after the closing of the discharge valve,

the volume of which depends upon the clearance:

between the head of the piston and the head of
the -cylinder, is re-expanded during the initial
portion of the intake stroke of the piston, and
consequently; -this ‘reduces the fresh charge of
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compress not only the charge of gas taken in
during-the suction or intake stroke, but also such
residual gas as is delivered to it. e
Any suitable or desired means may be em-
ployed for carrying out my method. In the ma~
chine shown in Figs, 1.to 9, this method can read-
ily be carried out by providing a single relatively:
small passage through the valve 62, for example,:
such ‘as the passage 90, shown in Figs. 3° and
6-9. Tt will be noted that this passage, which in
the construction shown may be.in the.form of a:
hole drilled. in.the valve 62, is so arranged. that.
any cylinder after its port passes out of registra~
tion with the discharge port 64 of the valve, will
momentarily pass into registration with one end
of the passage 90. ' The other end of this passage
will be in registration with the port of anether:
cylinder just after theé port of suchcylinder-has.
moved out of registration with the inlet port 63:.
In Figs. 6 and 7, the upper cylinder is shown in

_the position in which it has just passed:out.of-

registration with the discharge port 64 of the-
valve and the lowest cylinder has just passed out
of registration with the inlet port 63, and neither-
of these cylinders has a$ yet passed into com=
munication with -the connecting passage 80.
Fig. 8 shows the positions of the cylinders after:
they have passed through a small arc-beyond:
the positions shown in Figs. 6 and 7, and shows
the upper cylinder in registration with the upper
end of the passage 96 and the lowest cylinder also-
in registration with the lower end of this passage.
Consequently, residual compressed gas in the: up=~.
per cylinder will quickly flow through the passage:
90 and- will, consequently, be expanded :during
this passage, and the greater portion of this_re=
sidual charge will' be added to the charge of gas’
in the lowest cylinder, thus increasing the pres-
sure and the quantity of gas in the lowest cylin--
der and also greatly reducing the amournt of re-
sidual gas in the uppermost cylinder, so ‘that
when the port of this cylinder moves into com=
munication with the inlet port 63 of the valve 62, )
it will take in a materially larger charge of gas
than would be the case if it were first necessary-
to expand all of the residual compressed gas re=
maining in the cylinder after exhaust. Conse-"
quently, by. use of the supercharge passage, the
capacity ‘of the compressor is increased, in:the:
first place, because of the fact that with very-

“little-residual gas in the uppermost cylinder, this

cylinder will take on a proportionately larger-
charge of fresh gas during its intake stroke..
The capacity of the machine is further increased-

. by the fact that the' cylinder receiving the resid-
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ual charge is supercharged and, consequently,
compresses a proportionately greater amount of
gas than would be the case if it had not been thus”
supercharged. Any other means for transfer--
ring residual compressed gas from:a cylinder: to
supercharge a quantity of gas to be compressed
may be.provided. - - o S

Not only:does my improved method greatly in-
crease the capacity of any compressor to which it-
is applied, but:also. the efficiency’ of the ‘com="
pressor is-greatly increased. thereby.. For IeX=
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ample, the residual compressed gas which is add-~
ed to the gas which is about to be compressed
raises the pressure: of this latter gas without re-
quiring any additienal work by the compressor.
It is consequently also possible to make the in-
take port 63 larger, so that the intake port of
-each cylinder may be in communication there-
with for a longer period of time, without having
the residugl compressed gas discharged into the
intake passage, which would cause ohjectionable
turbulence. of the incoming air. I preferabily
construct the valve so that the intake starts after
the pressure: in the cylinders is slightly below
atmeospheric, and since a. number of cylinders
are glways in communication with the intake
port, there will be a constant and steady flow of
air in the inlet duct,

A further advantage of the removal of residual
gas from a cylinder and employing it to super-
charge an intake of gas, is that this enables com-
pressors to compress gases to. much higher pres-
sures than has heretofore heen possible in a sin-

gle stage. Heretofore, the pressures which: couid.

be produced in a. single stage were limited by the
clearance between the cylinder heads and the pis-
tons, or in other words, by the amount of residual
compressed gas left in & cylinder. If the pressure
in a cylinder reached a certain point at which
the residual gas: required the: full stroke of the
piston to become reexpanded, ebviously no ad-
ditional gas could be taken in and, consequently
no compressed gas would he delivered. Conse-
quently, heretofore, the maximum pressure inany
cylinder had a definite limitation beeause of the
expansion of the residual compressed gas. By
means of my method and .construction, since most
of the residual gas is discharged fxom the eylin-
der, it follows that only 4 very slight. movement
of the piston in the cylinder wilt expand the very
small quantity of residual gas left in the cylinder
after supercharging, and consequently the maxi-
mum. gas. pressure that can be .delivered by any
cylinderis greatly inereased. .

Because of the large amount of heat developed
when the gas: is compressed, I provide means; of
improved construction for cooling the cylinder
wheel and also the pistons. As has been stated,
the cylinder wheel is provided with a series of
substantially circular fins 40 which serve not only
to reinforce the cylinder wheel, but also to. facili-
tate the transfer of heat from the cylinder wheel.
In order to induce a flow of air into the spaces
between the fins during the rotation of the ma-
chine, I construct the piston rods or links 48 in
such manner that they act as vanes to deflect air
against. the cylinder wheel. For example, these
piston rods may be provided with inclined faces
92 intermediate of their ends, these faces being
shaped so as to direct air toward the cylinder
wheel, see particularly Fig. 5. The cross sectional
shape of the intermediate portions of these piston
rods is preferably of air foil or other suitable.
form. to produce the maximum movement of air
toward the cylinder wheel. Since the piston rods
are located near fhe cylinder portions 88 of the
wheel, it will be obvious that. the air deflected by
the: rods will flow between the annular webs 49
along the walls of the cylinders and into the
spaces between the cylinders so as to bring about
a very effective exchange of heat between the
cylinder wheel and the air. The fact that these
air deflecting parts of the piston rods are: of sub-
stantially air-foil shape also results in a suction
or rarified air at the outer trailing ends of these
sections; which results in drawing air out of the
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spaces between the fins 40 toward the trailing
edges ‘of the rods, thus producing a turbulence

- and circulating effect in the: air adjacent tao the

10

15

20

25.

30

35

40

£

50

60

0

tfi

cylinder wheel. The fact that the radial web 3%
extends between adjacent cylinder walls, pre-
vents air from being hlown by the piston rods 48
from: one side to the other of the cylinder wheel
and this weh also assists in the transfer of heat
to: the circulating air, The fact that these pis-
ton rods oceupy different pesitions relatively to
their cylinders at different.. portions of their
strokes-also improves the cooling effect hy direct-
ing-cooling air currents to different. pertions of
the cylinder wheel during each rotation. Other
means for deflecting coeling air against the sides -
of the eylinder-wheel may be employed if desired.

In accordance with my inventien, I obtain very
superior cealing effects by circulating -cooling air
in the interior of the pistons. By having the outer
ends. of the pistens extend beyond the periphery
of the rotating eylinder wheel, air can be ecircu-
lated through: the pistons hecause of the rapid
mavement of the outer ends of the pistons through
the surrounding air. .

The pistons employed in my improved com-
pressor may he of any suitable or desired. con~
struction, but in order to effectively cool the same,
they are preferably made hollow and are each
provided with a passage for receiving and dis-
charging coeling air at. their outer portions, such
bassage receiving air at the portion of the piston
which faces forwardly during the rotation of the
biston with the cylinder wheel, and discharging
heated air at the rear or trailing portion of the
biston. Consequently, the pressure of air at the
front of the piston, due to its movement through
the air when rotating and the suction created at
the rear of the piston, results in an effective pas-
sage of air through the piston in quantities suffi-
cient to provide ample cooling of the same.

I preferably provide each piston with an inner
or head portion 94 which is separate from the
cylindrical side wall or .skirt 95 of the piston,
to interrupt to some extent the bassage of heat

5 from the piston. head to the skirt or side wall, In

the particular construction shown, see particu-
larly Figs. 10-14, each piston has a tapering head
portion 94, which is shaped to conform closely
to the inner contour of the tapering inner ends
cf the cylinders, to provide a small clearance
between the inner ends of the eylinders and the
heads. of the pistons, as shown in Fig. 3, when
the pistons are in their inner positions in. the
cylinders. Also, the inner ends 96 of the pistons

;5 are inclined to correspend to the inclination. or

taper of the valve 62, and the opposite sides. 97
of the piston head are substantially flat to. co-
operate with the flat faces 11 of the cylinders,
The head 94 of the piston is preferably also
made hollow and is provided with a plurality
of webs 88 which are. formed integral with and
extend between. the: opposite flat sides 9T of the
piston head. These webs serve the two-fold pur-
pose of reinforcing the flat sides of the piston
heads to prevent collapse or deformatiam of the
same by the pressure of the compressed gas, and
also of transferring heat to cooling air circulat-
ing through the pistons. The piston heads also
each have a.cemntral, diametrically extending web
or partition 989 which extends crosswise of the
webs 98 and terminates at one end at a distance
from the inner ends of the webs 98. This parti-
tion 99 extends from the head 94 through the
interior of the cylindrical portion or skirt 95 and
is preferably. provided with an enlarged portion
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180 which has a hole therein in which the piston
pin 45-is secured, for example, by means of set
serews 101, Pig. 11. ‘The partition may be suit-
ably reinforced by means of a bead 102, and the
outer edges may be provided with flanges 103, If
desired, packing material 104 may be provided
between the flanges 103 and the cylindrical por-
tion or skirt 95. i :

The partition 99 also serves as a connecting
member between the head 94 of the piston and a

cap member 105 between which the skirt portion-

may be secured. In the construction shown for
this purpose, the partition 99 is provided beyond
the enlargement {00 thereof with segmental por-
tions 106 or other enlargements to. which the
cap member 165 may be secured. This cap
member has an annular shouldered part adapted
to engage the outer end of the skirt portion 85,

the inner end of the skirt portion being seated .

on a corresponding annular shouldered portion
of the head 94. Bolts or screws (09 extend
through the cap member and engage threaded
holes in the segmental parts 106 of the partition
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99 for firmly securing the skirt 95 to the head 94,

The skirt may be provided with piston rings 110
adjacent to the head 94. :
The ‘cap member is provided with an air intet
opening 112 on the leading side thereof and with
an air discharge opening 113 at the trailing side
thereof, the openings being separated by a par-
tition {14 which forms substantially a continua-
tion of the partition 99. ‘Consequently, when the
piston moves wiih the cylinder wheel in the
direction indicated by arrow {15, in Fig. 10, it

will be obvious that air will flow into the outlet-

(12 and down along the piston on one side of the
partition 99, through the spaces between the
webs 98, around the inner end of the partition 98
in the piston head and upwardly on the other

side thereof to the discharge opening 113. The 4Q Si¥ y
: chine, -to allow for smaller clearances between

flow of air through the piston will be approxi-

mately proportional to the speed of rotation of

the cylinder wheel, and since the heat developed
ih the pistons is also approximately proportional
to the speed of rotation of the cylinder wheel,
very efficient cooling of the pistons results at all
speeds of operation of the machine. The con-
struction described has the - further advantage
that the different parts of the pistons may be
made of different materials most suitable for
the particular parts. The contact between the
piston head and skirt resists rapid transfer of
heat from the head to the piston, and heat in-
sulating washers or gaskets may be interposed
petween the head and skirt if desired.

"By means of the construction ~described, 2
rapid flow of cooling air will be forced through
each piston because of the rapid movement of the
ends of the pistons through the surrounding air

and because of the location of the inlet and dis--

charge openings of the air passage in the pis-
tons. The piston heads are subjected to the high-
est temperatures, and because of the reinforc-
ing and radiating webs between which the cool-
ing air is forced to flow, a large amount of heat
is withdrawn from the piston heads. | This re-

sults in withdrawing more heat from the pistons

than from the cylinders, which results in sev-
eral advantages. In machines in which little or
no heat is removed directly from the pistons,

such. heat is dissipated mostly or entirely through

passage from the pistons to the cylinders,

through the oil film between the pistons and cyl-~

inders. ‘This oil film has a high resistance to
the passage of heat therethrough, which retards
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the heat flow and results in higher tempera-’
tures in the pistons, to such an extent that it is
often necessary to construct the piston heads of
jron or steel. By cooling the piston heads ef-
ficiently, as in the construction shown, ‘these
heads ‘operate at much- lower temperatures, ss
that the heads may be made of aluminum or its
alloys. :

In my improved process of cooling machines-of
this type by cooling the piston heads to a greater
extent than the adjacent portions of the cylin-
ders, it follows that more heat from the com-
pressed gas in the head portions of the cylinders
will be transferred to the relatively cooler piston:
heads than to the adjacent portions.of the cyl-
inders. Consequently, this reduces the amount
of cooling of the head portions of the cylinders
that would otherwise be required, and this, in
turn, makes it possible to bring the tapered head
portions of the cylinders closely together, as is
clearly shown in Figs, 6=8. This, in turn, makes
it possible to provide a relatively large number
of cylinders in the cylinder wheel and at the same
time to'have the tapering bore in the central
portion of the cylinder wheel of small diameter,
thus permitting the use of a relatively small valve
and, consequently low lineal speeds of the cen-
tral bore of the cylinder wheel relatively to the
Another advantage of removing more heat
from the pistons than from the cylinders is that
if for any Teason the machine ‘becomes heated
to high temperatures by maintaining the cylin-
der heads cooler than the adjacent portions of the
cylinders the cylinders will expand,-due to heat,
to a greater extent than the pistons, thus avoid-
ing the seizing of ‘the pistons in the cylinders,
which takes place in machines in which the pis-
tons become heated to higher temperatures than
‘the cylinders. This fact in turn makes it pos-
sible, ‘in the construction of my improved ma-

the pistons: and cylinders than is now standard
practice. This adds to the efficiency of these
machines since léss leakage of gas past the pis-
tons will oceur.. The smaller clearance also adds
to the life of the machines since it will require
a proportionately longer period of operation of

_ a ‘machine before the cylinders become worn: to
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such an extent as to require reboring of the cyl-
inders or the installation of new pistons. .

- Consequently, it is obvious that by removing
more heat from the pistons than from the cyl-
inders, a very efficient machine can be construct-
ed of smaller size and weight for a given capac-
ity than would be the case if heat were removed
mainly through.the cylinders. Also, the heat of
the pistons is more efficiently and quickly re-
moved from the piston heads, since the interiors
of the heads will be dry, so that cooling air will
contact directly with the dry metal surfaces in
the interiors of the pistons, which results in a
much more rapid transfer of heat.to”the cool-
ing air than is the case in machines in which the
heat of the pistons is transferred through an oil
film to the cylinder walls before it can be re-
moved by the cooling fluid.  Furthermore, no cir-
culating pump or fan is required for circulating
the cooling air through the pistons, thus avoid-
ing the necessity for auxiliary cooling equipment
and avoiding the possibility of - damage - to the
machine, in the event of failure of such equip-
ment. Tt will also be noted that the machine
shown is so constructed that the caps 185 of the
pistons extend beyond the outer periphery of the
cylinder wheel even when the pistons are in their
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innermost positions inx their cylinders, as shown
in the upper portion of Fig. 3, so that the air
inlet and discharge openings are always in po-
sition to receive cooling air.

Any suitable or desired construction may be
employed for providing for the circulation of
cooling air in the housing of the compressor. In
the construction shown, the stationary bearing
supporting members 2§ are provided with openings
H11 in their vertical webs 81 through which air
may enter, and & side wall of the housing is also
provided with an air discharge opening (18, Fig.
4. The air is impelled in the housing of the
compressor in - the direction indicated by the ar-
rows in Fig, 4, and since the pistons extend he-
yond the periphery of the cylinder wheel to the
maximum extent in the: lower portion of the:hous-
ing, they will produce & current of air therein
directed toward the discharge opening 118. This

‘positive: discharge of air from: the housing will :

result in a. eorresponding in-flow of air through
the. openings (t1, and this incoming air conse-
quently fows against the middle portions of the
cylinder wheel, where the greatest amount of

10

heatis generated. C o5

It will be scen that the housing completely en-
closes the machine and that all the cooling air
enters. the air inlet openings [#1. Consequently,
if desired, the cooling air admitted to the hous-
ing may be filtered or otherwise freed from dust
and abrasive particles, so that no dust or par-
ticles will settle on the parts of the pistons which
extend out of the cylinders.

I have shown by way of example on Figs. 1
and 3, how air filtering means may be readily
applied to the housing shown in the drawings.
For example, the ocuter edges of the tweo inner
flanges 22 on each: end. of the machine are cov-
ered by means of a plate 128 having an opening
121 therein, and an air filter may be arranged on
the outer face of the plate 120 across the opening
121, such for example as an air filter cartridge
122, containing any usual or suitable filtermass.
This cartridge may be held in a frame 124 se-
cured to the plate £28. This frame may, for ex-
ample, be open at one side, such as the right hand

side in Fig. 1, so that the filter cartridge 122 can-

be readily inserted and removed for cleaning or
for replacing with another cartridge. Conse-

quently, during rotation of the cylinder wheel,:

air will be drawn through the air filters into

the space between the two inner flanges 22 and.

will then pass through the air inlet openings 111
into the interior of the housing. Any other
means for filtering air entering the housing may
be provided, or if desired, such.filtering means
may be omitted.

Any suitable means nay be provided for ap-
plying lubricant to the relatively movable parts
of the machine, no lubricating system being
shown. Since the machine shown will tend to
throw lubricant out by centrifugal force, it may
be collected in the housing of the machine and

drained from the bettom of the housing through.

a drain hole 128, Pig. 4.

While I prefer to construct.the machine with
revolving cylinders and master rings ang sta-
tionary bearing supports and valve, yet it will
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be obvious that certain features of this invention °

can be used equally well on a machine in which
the cylinders and master ring are not rotatable,
and in which the bearing supports and valve are
rotatable.

I claim as'my invention:

I. A machine having rotary cylinders and pis-~
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tons reciprocable in said cylinders, & pair of rings
at oppesite sides of said cylinders and mounted
toratate about an axis spaced from the aXis of ro-
tation: of said cylinders, links connecting said ring
and said: cylinders for maintaining relstive posi-
tions of sa@id ring and said cylinders, and a pair
of rods for each piston pivotally connected to
said rings and to a piston, said rods being ar-
ranged to-extend in planes substantially parallel
with: thre axXes of said pistons: and eylinders when
said rods transmit the greatest. force to said pis~
torns.

2. A machine having a group of cylinders ar-
ranged radially about an axis, a valve arranged

- I said axis, one. of which is rotatable reiatively

to the other about said -axis, pistons arranged
to reciprocate in said cylinders, a. pair of piston
rods for each piston and extending along oppo-
site sides of said cylinders, and means: for im-

- parting reciprocatory meoiion. to said pistons

through said reds and including & pair of master
rings, one af each side of said group of cylin-
ders, and journalled eccentrically with. reference
to said axis and to which said piston rods are
connected, links cannecting said master ring and
said group of cylinders, -said rods being so ar-
ranged relatively to their eylinders that. said rods
and the longitudinal centers of said pistons are
in: the same plane slightly before said pistons
complete their compression strokes.

3. A machine having a group of cylinders ar-
ranged radially about-an axis, a valve arranged
in said: axis, one of which is rotatable relatively
to the other about said axis, pistons: arranged to
reciprocate in said eylinders, a pair of piston
rods for each piston and extending along oppo-
site sides of said cylinders, and means for im-
parting reciprocatory motion teo said pistons
through said rods and including a pair of master
rings, one at. each side of said group of cylin-
ders, and journalled eccentrically with reference
te said axis and to which said piston rods are
connected, links connecting said master ring and
said group of cylinders, said rods being so ar-
ranged relatively to their cylinders that said rods
pass. through radial planes extending through the
longitudinal centers of the pistons twice during
and before completion of their conmpression
strokes.

4. A machine having a piston arranged to re-
ciprocate in a- cylinder rotatable about an aXis
extending transversely of the cylinder, a ring
mounted to rotate about an axis spaced from
said first mentioned axis, a link connecting said
ring and said piston; and a rod pivotally con-
nected with said ring and said piston, the axes
of said. pivatal connections of said rod and said
ring being arranged to lie in a plane passing
through: the longitudinal center of said cylinder

- when compressed. fluid is discharged from said

cylinder..

5. A machine having a piston arranged to re-
ciprocate in a cylinder rotatable about an axis
extending transversely of the longitudinal center

- line. of the cylinder, a ring mounted to rotate

about an. axis spaced from said first mentioned
axis, a link connecting said ring and said cyl-
inder, and a rod pivotally cennected with said
ring and said piston, the pivotal connections of
said rod with said ring and said piston being so
arranged that said rod will pass through a ra-
dial plane including said axis of rotation cf said
cylinder and the center line aof said cylinder
slightly before said piston completes its compres-
sion stroke..
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6. A machme having a plston arranged to re-
tiprocate in a cylinder rotatable about am axis
extendmg transversely of the longitudinal center
line of the cylinder, a ring mounted to rotate
about an axis spaced from said first mentioned

axis, a link connecting said ring and said cylin- -

der, and a rod pivotally connected with said ring
and said piston, the plvotal connections of said
rod with said ring and said piston being so ar-
ranged that said piston and said rod pass through
two radial planes including said axis of rotation

of said cylinder and the center line of said cylin--
der during and before the completxon of the com-

pression stroke of said piston.
7. A machine having a group of cyhnders ar-

ranged radially about an axis, a valve arranged-
in said axis, one of which is rotatable relatively -

to the other about said axis, pistons arranged to
reciprocate in said cylinders, means for impart-
ing reciprocatory motion to said pistons, the in-
ner ends of said cylinders having ports which
are ‘elongated in the direction of said axis and
arranged to communicate with ports in said valve,
said eylinders having converging substantially flat
sides at their inner ends which terminate at the
elongated sides of said cylinder ports.

8. A machine having a group of cylinders ar-
ranged radially about an axis, a valve arranged
in said axis, one of which is rotatable relatively

to the other about said axis, pistons arranged to

reciprocate in said cylinders, means for impart-
ing reciprocatory motion to said pistons, the in-
ner ends of said cylinders having ports which are
elongated in the direction of said axis, and ar-
ranged to communicate with ports in said valve,
said cylinders having converging substantially
flat sides at their enner ends which terminate at
the elongated sides of said cylinder ports, said
pistons having flat sides at their inner ends to
enter between said flat sides of said cylinders.

9. In a machine of the revolving substantially
radial cylinder type having pistons arranged to
reciprocate in the cylinders, a ring rotatable ec-
centrically with reference to said cylinders, pis-

ton rods connecting said ring with said pistons
for imparting reciprocatory motion with said .
pistons, each piston rod extending along a side

of a cylinder and being of vane-shaped cross
_section to direct cooling air toward its cyhnder
during the rotation of the same.

10. In a machine of the revolving substan-

tially radial cylinder type having pistons ar-

ranged to reciprocate in the cylinders, rings at
opposite sides of said revoluble cylinders and
mounted to rotate eccentrically with reference
to said. cylinders, a pair of piston rods connect-
ing -each piston with said rings at opposite sides
of a cylinder, said links having vane-shaped por-
tions for directing air currents against opposite
sides of said cylinder.

11. In a machine of the substantially radial
cylinder type including a cylinder wheel mounted
to rotate about an axis, pistons reciprocable in
the cylinders of said wheel, a ring mounted to
rotate eccentrically with reference to said wheel,

piston links connecting said-ring and said pis--

tons for imparting reciprocatory motion to said
pistons, and a unitary bearing support on which
both said cylinder wheel and said ring are jour-
nalled, whereby the stresses resulting from the
reactions between said cylinders and said pistons
are transmitted to said bearing support.

12. In a machine of the substantially radial
cylinder type including a cylinder wheel mounted
to rotate about an axis, pistons reciprocable in

9
the cylinders of said wheel, a pair of rings mount-
ed on opposite sides of said cylinder wheel to ro-
tate eccentrically with reference to said cylinder
wheel,- piston rods having pivotal connections

5 with said wheel and said pistons for imparting re-
ciprocatory motions to said pistons, and a pair
of bearing supports, one arranged at each side of
said eylinder wheel, each bearing support having
said cylinder wheel and said ring journalled
thereon, each of. said bearing supports being of
integral structure,.and a frame on which said
bearing supports are rigidly mounted.

13. In a machine of the substantially radial
cylinder type including a cylinder wheel mounted
to rotate abkout an axis, pistons reciprocable in
the cylinders of said wheel, & ring at each side
of said cylinder ring mounted to rotate eccentri-
cally with reference to said wheel, a pair of piston
rods at opposite sides of each cylinder and con-
necting said rings and a piston for imparting re-
‘ciprocatory motion to said pistons, and a plural-
ity of links pivotally connecting said ring and said
cylinder wheel to transmit rotary motion from
one to the other.

14. In a machine of the substantially radial
cylinder type including a cylinder wheel mounted
to rotate about an axis, pistons reciprocable in
the cylinders of said wheel, a pair of rings mount-
~ ed on opposite sides of said cylinder wheel to ro-
80 tate eccentrically with reference to said cylinder

" wheel, a pair of piston rods at opposite sides of
each cylinder and having pivotal connections
with said wheel and said pistons for imparting
reciprocatory motions to said pistons, and a plu-
rality of links pivotally connecting each ring
with said eylinder wheel to connect said rings and
wheel to rotate together about their own axes.

15. A machine having a group of cylinders ar-
ranged substantially radially and rotatably about
an axis, a stationary part on which said group of
cylinders bears, pistons arranged to reciprocate in
said cylinders, said cylinders terminating at their
head portions in a frusto-conical bore, a station-
ary valve member having a frusto-conical portion
a.nd seated in said bore, and yielding means act-
ing on said valve member and said stationary part
for urging said valve in a direction to seat in sa,ld
bore.

16. A machine having a group of cyhnders ar-
50 ranged substantially radially and rotatably about

an axis, a stationary part on which said group of

cylinders bears, pistons arranged to reciprocate in
said cylinders, said cylinders terminating at their
head portions in a frusto-conical bore, a station-

55 ary valve member having a frusto-conical portion
and seated in said bore, yielding means acting on
said valve member and said stationary part for
urging said valve in a direction to seat in said
bore, and means for varying the force exerted by

60 said yielding means in a direction to seat said
valve.

17. In a machine of the revolving substamlally
radial cylinder type having pistons arranged to
reciprocate in  the cylinders, rings at opposite

65 sides of said revoluble cylinders and mounted to

‘rotate eccentrically with reference to said cylin-

ders, a series of fins on said cylinders substantially

concentric with the axis of rotation of said cylin-
ders, a pair of piston rods connecting each piston
70 with said rings at opposite sides of a cylinder, said

piston rods having vane-shaped portions for di-

recting air currents against opposite sides of said

cylinder and between said fins.

18, A multi-cylinder compressor of the substan-

75 tially radial revolving cylinder type including a
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cylinder wheel having a plurality of substantially
radial cylinders formed therein, said cylinder
wheel ineluding a central web formed integral
with said cylinders, a series of fins extending out-
wardly from said web and said cylinders, pistons
arranged to reeiprocate in said cylinders, rings at
opposite sides of said cylinder wheel mounted to
rotate eccentrically relatively to said  cylinder
wheel, and piston rods connecting said rings and
said pistons for reciprocating said pistons and
havmg parts thereon for directing air currents
against opposite sides of said cylinder wheel.

19. In a machine of the substantially radial cyl-
inder type including a cylinder wheel mounted to
rotate about an axis, pistons reciprocable in the
cylinders of said wheel, a ring mounted to rotate

2,.391,.476

eccentrically with reference to said wheel, piston
reds connectmg said ring and said pistons for
imparting reciprocatory motion to said pistons,
and a unitary bearing support on which both said
cylinder wheel and said ring are journalled,
whereby the stresses resulting from the regctions
between said cylinders and said pistons are trans-
mitted to said bearing support, said cylinder wheel
having a substantially frusto conical hubp having
parts with which said cylinders communicate, a
stationary valve having a substantially frusto-
conical portion fitting in said hub, and yielding
means connecting said valve and said bearing sup-
port for urging said valve into seating relation
to said hub.
JOSEPH S. PARENTT,




