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ﬂ 7 Claims.
l |

'This invention relates to rotary displacement
devices and more especially to rotary displace-
ment devices of the alternately acceleratmg pis-
ton type. |

An object of this invention is g rotary dlsplace-
ment device of the alternating accelerating pis-
ton type of such structure that the direction of
flow of compressible fluid through the device may
be easily and quickly reversed or that the most
efficient valve setting for varying working pres-
sures may be automatically obtained.

A further object of the invention is an alter-
nately accelerating piston rotary displacement
device which is of improved operational char-
acteristics and of simplified construction.

Other objects, novel features and advantages
of this invention will become apparent from the
following specification and accompanymg draw-
ings, wherein:

Fig. 1 is a vertical section through a dev:lce en -
bodying the invention: ,

Fig. 2 is a section on the line 2—2 of Fig, 1;

Fig. 3 is a section on the line 3—3 of Fig. 1:

Fig. 4 is a section on the line 4—4& of Flg 1 mth
the pistons in one position:

I'ig. 5 is a section on the line 5—5 of Fig. 1 with
the pistons slightly changed from the position of
Fig. 4;

Fig. 5& is a. fragmentary view snmlar to Fig. 5
with certain parts in a different relation:

Fig. 6 is a fragmentary view. partially in sec-
tion of a form of control mechanism, and

Figs. 7 and 8 are exploded mews of units of the
device.

‘The enclosing ca,smg for the moving par ts con-
sists of a center annular multiple-part section 10
and two end sections {{ ang 12 sultably bolted to

(CL 103—129)

10

15

| | 2

as well as the parts 20 and 21 are in effect uni-
tary. The inner end of the part 19 is reduced
as shown at 13a and is received in a correspond-
ingly shaped socket 2#a formed in the inner end

- of the part 21 and the parts {8 and 21 are keyed

together. The inner ends of the parts 19 and 21

cooperate to form a eylindrical pin 11a coaxml

of the erank shaft 17.

- A disk 24 is Journailed on each of the crank
pms 22 and 23 and is formed with a hub 25 ro-

'_ta,ta,bly fitting an aperture in a block 26 slid-

able In a groove in a non-rotatable plate 27
mounted in the end casing t1 or 12. Fach disk
24 has three radial grooves 28 in each of which
1s slidably mounted a block 28. Fach of two

spaced disks 30 has a hub 31 journalled on the

25

crank shaft pin {71a and has a stud 32 fitting into
one block 29. Each disk 39 also has an arcuate

slot 33 (see Fig. 7) of approximately 300° and an
annular shoulder 34. Each of two disks 35 is

Journalled on the shoulder 34 of one disk 320
and has an arcuate extension 38 projecting into

the slot 33 of a disk 30 which extension carries
2 stud 37 fitting into a second block 29. In one

face of each disk 35 there is provided g circular
recess 38 in which is journalled g third disk 39
which has an arcuate extension 40 3lso pro-

Jecting info the arcuate slot 33 of a disk 30

30

35

the center section. The section {0 is'made up of

three annular members 13, 14 and 15, of which
the member 14 is rotatably mounted on the in-

40

ner edges of the end sections 11 and 1?2 and is |

- formed with shoulders against which the mem-
‘bers 13 and 15 abut with the member (4 en-
closed by the members 13 and 15 which are suit-
ably interconnected. Each of the two end sec-
tions {1 and 12 supports an anti-friction bearing
16 in which is journalled one end of g crank
shaft {T made up of the parts (8, 19, 20 and 21.
‘The part 19 is formed with a erank pin 22 which
projects into and is keyed to the part {8 while the
part 21 is formed with a crank pin 28 which pro-

45

00

Jjects into and is keyed to the part 20. The part '

{9 is separable from the part {8 and the part 21
is separable from the part 20 to facilitate as-
sembly but when assembled, the parts i8 and 19

1

through the central aperture 35a of the disk 35.
‘The extension 49 carries a stud 41 which fits into
a third block 28. The three disks 30, 35 and 39

are capable of limited relative rotary movement.
A disk 42 journalled on the hub 31 of each disk

30 carries two diametrically opposed pistons 43.
Each of the two disks 44 is formed with an snnu-
lar shoulder 45 which is journalled in a recess 46
in a disk 3% and is formed with a circular recess
47 in which is received a disk 42 the threaded
flange 48 of which surrounds the hub 31 and is
screwed into the thread 49 of the disk 39. A sleeve
90 receives the hubs 3i and is fixed to the hubs
for rotation therewith. The sleeve is formed with
a pair of diametrically opposed pistons 5{. The
piston 43 of each plate 42 extends between the
pistons 81 of the sleeve 50 into contact with the
opposite disk 42 and the opposite disk 44 to which
the pistons 43 and a disk 25 are suitably attached.
Thus, one piston set 43 connects with one of the
disks 39 on one side of the assembly and with
the disk 44 and hence the disk 35 on the Opposite

side, and the other piston set 43 connects with

the disk £4 and hence the disk 35 on said Oone side
and with the disk 39 on said opposite side. The

disks 42 and 44 together with the sleeve 90 and
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member {8 form a ring cylinder in which are
located the pistons 43 and 1.

Rotation of the crank shait {7 produces oppo-
sitely directed rotation of the three pairs of pis-
tons with the piston assembly making one comni-
plete rotation relative to the casing for each com-
plete rotation of the crankshaft. During each
complete rotation of the piston assembly, the
different pairs of pistons rotate at varying rela-
tive speeds so that the adjacent pistons move
relative to each other as they rotate about the
crankshaft axis to form between adjacent pistons
chambers of varying volume. |

The member I3 cooperates with the member l4f

to form an annular chamber 54 having a port
55. The member (4 is provided with a lug 92 and
a, slot 53 is formed in the periphery of the port
55. The member |3 cooperates with the member
14 to form an annular chamber 56 having a port
51. The members 13 and |5 are rigidly connected
to the end sections 11 and 12 and to each other
while the member 14 is supported by said other
two members for limited rotation about the
crankshaft axis. The member {4 supports two
diameirically related tubular sleeves 98 each of
which is received in a recess 5% in the member
13, the recess teing of somewhat greater extent
or lensths than the sleeves 58. A port 63 pro-
vides communication between the interior of each
sleeve and the chamber 56. A pair of ports 6l
and 62 lead from each sleeve 88 through the mem-
ber 14 into the ring cylinder. A plunger §3 having
heads 68 and 65 is slidably mounted in each hous-
ing 58 and the arrangement is such that in one
position of the plunger the port 61 is connected
~ to the annular chamber 54 with the port 62 con-
nected to the annular chamber 56 and in another
position of the plunger the port 61 is connected
to the annular chamber 56 with the port 62 con-
nected to the annular chamber 34. The position
of the plunger is changed by rotating the member
14 from the position shown in Fig., 4 in which
one end of the sleeve 58 engages one end wall of
the recess 59, to a position in which the opposite
end of the sleeve 58 engages the opposite end of
the recess 59, thereby sliding the plunger 63 into
a position opposite to that shown in Fig. 4. Such
rotation of the member 5f is accomplished by
means of a link 66 pivotally connected at one end
to the lug 52 and pivotally connected at approxi-
mately its midpoint to an arm 6T carried by a
shaft 68 journalled in the member I3 and pro-
vided with an operating handle 69 exterior of the
casing. Upon 90° rofation of the shaft 68 from
its Fig. 5 position by the handle 69, the member
{4 is moved clockwise half-way from its Fig. 4
position to its other position and the free end
of the link 66 moves up into the slot 93 which
slot acts a2s a fulecrum for the free end of the
link 66 upon additional 90° rotation of the shaft
68 to continue clockwise movement of the mem-
ber 14 to its other position as the shaft 68 is
rotated heyond its position in which the arm 61
is vertical.

In the member (4 are provided two diametri-
cally opposed arcuate slots 70 offset axially from
the ports 61 and 62. The length of each slot is
less than the distance between the ports 61 and
62 and each slot is so arranged that its ends are
equally spaced circumferentially from the two
ports. These slots provide ports between the
annular chamber 34 and the ring cylinder.

Assume that the device is being operated as a
motor with the member (4 in the position shown
in Figs. 4 and 5 with the port 9 open to atmos-

10

4

phere and the port 51 connected to a supply of
compressed air. Flow of air through the device
rotates the piston at varying speeds to cause vari-
ation in the spacing between adjacent faces of
suecessive pistons, thereby forming varying size
chambers for expanding the compressed air and
scavenging the expanded air. As the pistons
rotate clockwise from their Fig. 5 position to
their Pig. 4 position and beyond, compressed air
admitted through the annular chamber 56 and
the port 62 forcesthe leading piston 91 away from

- the trailing piston 43 until the trailing piston 43
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closes the port 62. Further clockwise rotation of
the pistons ecauses the frailing piston 43 to
approach the leading piston 51 to scavenge the
air from between the pistons through the ports

10 and 61 into the annular chamber 54 until the

trailing piston 43 covers the ports 61 and 70 and
the same cycle is repeated by each pair of pistons.
Rotation of the pistons as above described effects
counterclockwise rotgtion of the crankshaft as
previously described. The overlapping arrange-
ment of the disks 42 and 44 in conjunction with
the arrangement of the disks 39 and 39 effectively
prevents the loss-of pressure from the ring cylin-
der through the circular walls thereof.

Reversal of the position of the member {4 as
above described results in reverse rotation of the
pistons as-well as reverse rotation of the crank-
shaft. Upon movement of the member [4 to

engage the opposite ends of the sleeves 58 with -

the opposite ends of the recesses 89, the plunger
63 is moved into position to connect the port 6l
to the port 68-and to.connect the.port 62 through
the sleeve 58 to the chamber B4, whereupon fiow
of compressed air through the device effects
counterclockwise rotation of the pistons and
clockwise rotation of the crankshaft.

As shown in Fig. 6, additional means may be
provided for varying the angular position of the
member {4 responsive to pressure changes in the
chamber 56 so that compressed fluids trapped
between the approaching piston may be admitted
to or discharged from the chamber 396 in a man-
ner to give the highest efficiency of operation of
the device for any given operating pressure. Thus,
for g given input pressure, if the displacement of
the rotary piston is too large or small during the
time the pressure:is.introduced for expansion o
drive the advancing piston ahead; the potential
power output of the device.may-be.reduced. With
the optimum. displacement, the full:power poten-
tia] is realized. An arm. 7l is fixed to the shaft
68 and is biased by a spring 12 tending to move
the member 14-out of its Fig. 4 position. An air
cyvlinder 13 contains a piston having an extension
T4 connected to the free end of the arm 71 to
swing the arm against the action of the spring
12. A pipe 75 leads from the chamber 56 to the
cylinder 13 to: applyto the: piston the pressure
existing in the chamber 96 in opposition to the
spring 12. Considering Figs. 4 and 5 in conjunc-
tion with Flig. 6, an increase in the pressure in
the chamber 36 above a set .value causes move-
ment of the arm 1{ In a-direction to effect coun-
terclockwise movement. of the member {4 thereby
resulting in quicker closing off of port 62 by the
trailing piston 43 and thus reducing the volume
of the chamber formed between the leading and
trailing piston at the time of closing of the port.

The device may also-be used as a pump by suit-
ably connecting the ports 35 and 57 one to atmos-
phere and the other to a compressed air storage
tank and positively driving-the crankshaft. When
the device is used as a pump, reversal of the
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member (4 results either in reversal of fluid flow
through the device for a given direction of rota-
tion of the crankshaft or results in fluid flow
through the device in the same direction upon
reversal of the direction of rotation of the
crankshaft., o |

It is of course understood that various modi-
fications may be made in the displacement device

above described, without in any way departing

from the spirit of the invention as defined in the
appended claims. | |
-~ Iclaim: | |

1. A device of the character deseribed compris-
ing a ring cylinder including two spaced circular
wall members and an annulus enclosing said wall
members, a crank shaft having a pin coaxial
therewith and extending between said wall mem-
bers, a casing rotatably supporting said annulus
and sald crank shaft and formed with a pair of
annular chambers respectively having an inlet
and an outlet, two or more pairs of piston mem-
bers rotatably supported in saig cylinder, means
Interconnecting said crank shaft and piston mem-
bers for effecting rotation of said piston members
at varying speeds upon rotation of said crank
shaft, two sleeves fixed to said annulus in dia-
metrically opposed relation, each sleeve having
two spaced ports communicating with said ring
cylinder and a third port intermediate said two
ports communicating with one of said annular
chambers, an elongated slot in said annulus inter-
mediate vhe ports of each sleeve and of less extent
than the spacing between said ports and com-
municating with the other of said chambers,
means movable in each sleeve between two alter-
nate positions to place alternately one or the
other of said two sleeve ports in communication
with said third intermediate sleeve port, and
means effective upon rotation of said annulus in
sald casing to move said movable means in said
siceves from one to the other of its two glternate
positions. | | | .

2. A device of the character described compris-
ing a ring cylinder including two spaced circular

wall members and an annulus enclosing said wall 4

members, a crank shaft having a pin coaxial
therewith and extending between said wall mem-
bers, a casing rotatably supporting said annulus
and said crank shaft and formed with a pair of
annular chambers respectively having an inlet
and an outlet, two or more pairs of piston mem-
bers rotatably supported in said cylinder, means
interconnecting said crank shaft and piston mem-
bers for eifecting rotation of said piston members
~at varying speeds upon rotation of said crank
shaft, two sleeves fixed to said annulus in dia-
metrically opposed relation, each sleeve ‘having
two spaced ports communicating with said ring
cylinder and a third port intermediate said two
ports communicating with one of said annular
chambers, an elongated slot in said annulus inter-
mediate the ports of each sleeve and of less extent,
than the spacing between said ports and com-
municating with the other of said chambers,
& plunger movable in each sleeve between two
alternate positions and provided with two pistons
adapted in alternate plunger positions to place
alternately one or the other of the two sleeve POrts
In communication with the third intermediate
sieeve port, a recess in said casing receiving each
sleeve and being of greater length than the sleeve,
said plunger being of greater length than the
sleeve for engagement with the ends of said
recess to locate said plunger in either of its two
alternate positions upon rotation of said annulus,
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and means for effecting rotation of said annulus.

3. A device of the character described compris-
Ing a ring cylinder including two spaced circular
wall members and an annulus enclosing said wall
mempbers, a crank shaft having a pin coaxial
therewith and extending between said wall mem -
bers, a casing rotatably supporting said annulus

and said crank shaft and formed with a, pair of

annular chambers respectively having an inlet
and an outlet, two or more pairs of piston mem-
bers rotatably supported in said cylinder, means
interconnecting said crank shaft and piston mem-
bers for effecting rotation of said piston members

at varying speeds upon rotation of ‘Said crank

shaft, two sleeves fixed to said annulus in dia-
metrically opposed relation, each sleeve having
two spaced ports communicating with said ring

cylinder and a third port intermediate said two

borts communicating with one of said annular
chambers, an elongated slot in said annulus in-
termediate the ports of each sleeve and of less
extent than the spacing between saig ports and
communicating with the other of said chambers,
a plunger movable in each sleeve between two
alternate positions and provided with two pistons
adapted in alternate plunger positions to place
alternately one or the other of the two sleeve
ports in communication with the third interme-
diate sleeve port, a recess in said casing receiv-
ing each sleeve and being of greater length than
the sleeve, said plunger being of greater length
than the sleeve for engagement with the ends of
sald recess to locate said plunger in either of its

two alternate positions upon rotation of said an-

nulus, a control shaft rotatably supported by said
casing, an arm carried by said control shaft with-
In said first annular chamber, a link intercon-
necting said annulus and the free end of said arm,
and a handle exterior of said casing for rotating
sald control shaft. _

4. A device of the character described compris-
ing a ring cylinder including two spaced circular
wall members and an annuluys enclosing said wall
members, a crank shaft having a pin coaxial
therewith and extending between said wall mem-
bers, a casing rotatably supporting said annulus
and said crank shaft and formed with a pair of
annular chambers respectively having an inlet
and an outlet, two or more pairs of piston mem-
bers rotatably supported in said cylinder, means
interconnecting said crank shaft and piston mem-
bers for effecting rotation of said piston mem-
bers at varying speeds upon constant speed rota-
tion of said crank shaft, two sleeves fixed to said

‘annulus in diametrically opposed relation, each

sleeve having two spaced ports communicating
with said ring cylinder and a third port interme-

~diate said two ports communicating with one of

60

65

70

sald annular chambers, an elongated slot in said
annulus intermediate the ports of each sleeve
and of less extent than the spacing between sald
ports and communicating with the other of said
chambers, a plunger movable in each sleeve be-
tween two alternate positions and provided with
two pistons adapted in alternste plunger posi-
tions to place alternately one or the other of the
two sleeve ports in communication with the third
sleeve port, and means effective upon rotation of
said annulus in said casing to move sald plunger
from one to the other of its two positions.

3. A device of the character described compris-
ing a casing, a crank shaft journalled in said cas-
ing and having a pin coaxial with said shaft, a

“bair of disks rotatably mounted on sald pin, a
76 collar rotatably mounted on said pin, a pair of
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pistons supported by each disk in contact with
the remaining disk, a third pair of pistons sup-
ported by said collar between said disks, a sec-
ond pair of disks each individually supporied by
one of said first pair of disks and connected to the
pistons supported by the other of said first pair
of disks, a third pair of disks rotatably supported
by said casing and having inner sections over-
lapping the outer sections. of said first pair of

disks, an. annulus enclosing said second pair of !

disks, and means interconnecting said first pair
of disks, said second pair of disks and said collar
to said crank shaft. for effecting rotation of said
pistons at varying speeds upon rotation of said
crank shafft.

6. A device of the character described compris-
ing a casing, a crank shaft journalled in said cas-
ing and having a pin coaxial with said shaft, a
pair of disks rotatably mounted on said pin, a

collar rotatably mounted on said pin, a pair of °

pistons supported by each disk in contact with
the remaining disk, a third pair of pistons sup-
ported by said collar between said disks, a second
pair of disks each individually supporied by one

of said first pair of disks and connected to the :

pistons supported by the other of said first pair
of disks, a third pair of disks rotatably supported
by said casing and having circular recesses re-
ceiving the peripheries of said first pair of disks,
an annulus enclosing said second pair of disks,
and means interconnecting said first pair of
disks, said second pair of disks and said collar to
<aid erank shaft for effecting rotation of said
pistons at varying speeds upon rotation of said
crank shafft. |

7 A device of the character described compris-
ing a casing, a crank shaft journalled in said cas-
ing and having a pin coaxial with sald shaft, a
pair of disks rotatably mounted on said pin, a
collar rotatably mounted on said pin, g pair of
pistons supported by each disk in contact with
the remaining disk, a third pair of pistons sup-
ported by said collar between said disks, a second
pair of disks each individually supported by one
of said first pair of disks and connected to the
pistons supported by the other ot said first palr
of disks, a third pair of disks rotatably supported
by said casing and having inner sections over-

iy
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lapping the outer sections of said first pair of
disks, an annulus enclosing said second pair of
disks rotatably supported by said casing, a pair of
annular chambers formed in said casing, said
chambers respectively having an inlet and an out-
let, two sleeves fixed to said annulus in diametri-
cally opposed relation, each sleeve having two
spaced ports communicating with said ring cyl-
inder and a third port intermediate said two
ports communicating with one of said annular
chambers, an elongated slot in said annulus in-
termediate the ports of each sleeve and of less
extent than the spacing between said ports and
communicating with the other of said chambers,
means movable in each sleeve between two alter-
nate positions to place alternately one or the
other of the two ports of each sleeve in com-
munication with the third port of said sleeve,
means effective upon rotation of said annulus
in said casing to move said last-named means
from one to the other of its two alternate posi-
tions, and means interconnecting said first pair
of disks, said second pair of disks and said collar
to said crank shaft for effecting rotation of said
pistons at- varying speeds upon rotation of said
crank shaft.

CHARLES BANCROFT.
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