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My invention pertains to compound cylinders
and is particularly concerned with compound
cylinders especially adapted for use in power
transmission systems of the fluid type.

An object of my Invention is to provide a com-
pound cylinder having high and low pressure
pistons, and means for rendering the low pres-
sure piston ineffective upon the creation of a
predetermined pressure,

Another object is to provide a compound cyl-

. Inder in which there is no back pressure on the
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low pressure cylinder after it has been rendered
ineffective,

Another object is to provide a compound cyl-
inder wherein the pressure at which the low
pressure cylinder is rendered ineffective may be
accurately predetermined,

Another object is to provide & compound cyl-
inder wherein the pressure at which the low
bressure cylinder is rendered ineffective may be
changed readily to meet the different conditions,

Another object is to provide g compound cyl-
inder which is simple in structure, economical
to manufacture, durable in use, and automatic
in operation. ’

Another object is to provide a compound cyl-
inder which is equally adapted for use in differ-
ent kinds of power transmission systems of the
fluid type.

Other objects and advantages will become ap-
parent as the description proceeds.

In the drawings,

Fig. 1 is a vertical section through one em-
bodiment of my invention;

Fig. 2 is a horizontal section taken on the line
2—2 of Fig. 1; ~

Fig. 3 is a dlagrammatic illustration of one
type of hydraulic system in which this embodi-
ment of my invention may be incorporated;

Fig. 4 is a view similar to Fig. 1, but showing
a different embodiment of my invention;

Fig. 5 is a transverse vertical section taken on

_ the line 5—5 of Fig. 4; and
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Plg. 61is a diagrammatic illustration of a type
of hydraulic system in which the embodiment
shown in Figs. 4 and 5 may be incorporated.

Referring to the drawings, and particularly to
Figs, 1, 2, and 3, T'have shown one embodiment of
Iy invention as having g casting 10 providing
8 chamber |1 which forms a fluld reservoir. The
upper end of the chamber is norma’ly closed by
a removable cover 12 which is held in place by
8 bolt I3 threaded into a boss 14 which forms
& part of the casting 10.

A gasket 18 of rubber, cork, or other suitable

(CL. 60—354.6)

material, is clamped between the cover {2 and
the top of the casting to form g fluid-tight seal
therebetween, The bolt 13 is provided with a
longitudinal bore §8 connecting with g trang.
verse bore (7. These two bores constitute an
alr vent for the reservoir (4,

The casting 10 hag formed therein a large
dlameter low pressure cylinder 18 and g high
bressure cylinder 19 of smaller diameter. In the
low pressure cylinder is located a metallic piston
20 having a forward face provided with g rubber
gasket 2{ which forms an effective seal with the
cylinder wall during the forward or right-hand
movement of the piston 20. The gasket 21 is
held against the forward face of the piston by
a return spring 22 which normelly maintains the
biston 20 in the position shown in Fig. 1. In this
position the rear of the piston rests against a
stop ring 28 which is clamped between a shoulder
Provided by the casting 10 and a C spring 24.

The piston 20 has an annular recess 25 which
i3 always maintained in free communication with
the interior of the reservoir {1 by means of port
28. The fluid in the annular recess 25 forms a
fluld seal which prevents entry of air into the
active part of the cylinder during the return
stroke of the piston. The rear of the piston is
provided with an annular rubber gasket 27 which
i8 C-shaped in cross-section and which functfong
to prevent leakage of fluid past the rear of the
piston. -

The piston 20 has a tapered socket 28 which
receives one end of g piston rod 28. The piston
rod 28 simply rests against the end of the socket
and forms a separable abutting connection there-
with., The contacting portions of the piston rod
and socket are made hemispherical to provide
for misalignment of the piston rod and piston
without resulting cocking of the piston in the
cylinder bore. The left-hand end of the piston
rod is yoke-shaped, as indicated at 30, and is

-pivotally connected to an operating lever 3i

which may be operated either manually or by
power. A flexible rubber boot 31’ is commonly
provided to protect the end of the low pressure
cylinder against the entry of dirt and moisture.

A small port 32 connects the reservoir 11 with
that part of the cylinder 18 in front of the gasket
21 when the piston and gasket are in their re-
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tracted position, as shown in the drawings. The g,

piston 20 and gasket 21 are preferably provided
with grooves 33 and 34, respectively, to facilitate
the flow of fluid past the piston and

ing the return stroke of these parts. A forwardly

- extending finger 35 is threadedly attached to the

gasket dur-
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piston 20 for a purpose to be hereinatter described.

In the high pressure cylinder 19 is located a
metallic piston 36 having a cup-shaped gasket
37 of rubber or other suitable material, The gas-
ket 31 is held against the forward face of the
piston 36 by return spring 38 which also normally
holds the piston 36 against the annular stop mem-
ber 39 which is held against the shoulder formed
at the junction between the high and low pres-
sure cylinders by the spring 22 which is of greater
strength than the spring 38.

The piston 36 has a rounded socket 40 for re-
ceiving the rounded end of the finger 35. The
socket 40 is connected by means of passageway
41 with an annular groove 42 which in turn com-
municates with bore 43 leading to a valve cham-
ber 44. Bore 43 also communicates with port 45
which leads to that part of the high pressure
cylinder immediately in front of the cup-shaped
gasket 37 when the piston and cup-shaped gasket
are in retracted position. :

The upper end of the valve chamber 44 is
closed by a threaded plug #6 having a ball valve
47 pressed by a spring 48 against a valve seat
formad in the lower end of the plug 46. The
spring is held in place by a retainer 48 which is
attached to the plug 46 by bending the lip §0
over the outer edge of the lateral flange formed
by the lower end of the retainer 49,

The valve 4T controls a passageway extending
through the plug 46 and leading back to the res-
ervoir 1. The size of the opening through the
valve seat and the strength of the spring 48 are
so proportioned that the valve 46 will open under
a predetermined pressure. By simply unscrew-
ing the plug 46 and replacing it by another, hav-
ing a valve set to open at a higher or lower pres-
sure, it is possible to adapt my compound cylinder
for different purposes and for uses under widely
varying conditions.

A piston valve 51 is located in the valve cham-
per 44 and has a reduced cylindrical portion 52
of diameter considerably smaller than the diam-
eter of the valve chamber 44. The piston valve
51 has octagonal ends 53 and 54 which guide the
piston valve in the valve chamber but permit flow
of fluid therepast. The upper or left-hand end of
the piston valve 51 has a projection 55 of smaller
diameter than the passageway through the seat
for the valve 47, and when the piston valve 51 is
moved to its upper or left-hand position, as will
be hereinafter described, the projection 55 holds
the ball valve 47 away from its seat while permit-
ting fluid to flow from the valve chamber back
into the reservoir.

A rubber cup washer or gasket 56 is associated
with the lower or right-hand end of the piston
valve Bi, and this cup washer is provided with
grooves 57 to facilitate flow of fluid past the cup
washer and into passageway 58 which communi-
cates with the forward end of the high pressure
cylinder 19. A metal clip 59 acts as a stop to limit
movement of the piston valve 5f and rubber cup
washer 56 in one direction.

The right-hand or outlet end of the high pres-
sure cylinder is clesed by a tubular member 60
which is threadedly engaged therewith, and a
suitable gasket 61 is clamped between the end
of the casting 10 and the tubular member 80 to
provide a fluid-tight seal. A shoulder 62 is formed
in the tubular member 60 and a rubber washer
63 is located against this shoulder and forms
the valve seat part of the two-way valve mech-
anism indicated generally by reference numeral
64. This valve mechanism may be of any desired
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type tut is herein shown as being of the kind
described and claimed in my copending applica-
tion for United States Letters Patent, Serial No.
472,666, filed August 2, 1930.

In Fig. 3 I have indicated a form of installation
in which the pipe line 85 leads to motor cylin-
ders 66 having pistons 67 for reciprocating piston
rods 68 connected with any suitable type of mech-
anism which is actuated by the power thus trans-
mitted by the fluid system. In the particular
type of system illustrated in Fig. 3, I have shown
a bleed conduit 69 leading back from one of the
motor cylinders 66 to a return connection 10
formed in a boss Tl constituting part of the cast-
ing 10 and located at the upper right-hand side
of the reservoir |t. The return connection 10 can
communicate with the interior of the reservoir I
by mecans of an L-shaped passageway 72. In
normal operation of the system shown in Fig. 3,
this passageway 12 is closed by the tapered inner
end of a bleed screw 13, so that the fluid surges
back and forth through the pipe line 65 between
the compound cylinder and the motor cylinders
66.

In otiginally filling the system with fluid, or
whenever it is desirable to remove air which may
have found its way into the pipe line 65 and mo-
tor cylinders 66, the bleed screw 13 may be un-
screwed sufficiently to open the passageway 12

and the compound cylinder operated to force ;

fluid into the end of the pipe line 65. ‘This op-
eration is continued until all air in the pipe line
$5 and motor cylinders 66 has been forced there-
from and forced through the pipe 69 to the reser-

voir {1, whence this air may escape to atmosphere :

through vent passageways 16 and §{1. As soon
as all zir has thus been bled from the system,
the bleed screw 13 is again screwed into normal
position with its tapered end closing the L-
shaped passageway 12,

The operation of this embodiment of my in-
vention is as follows. With the parts in the po-
sition shown in Fig. 1, actuation of the lever 3l
will advance piston 20 and gasket 2! so that
the gasket closes port 32 leading from low pres-
sure cylinder 18 back to reservoir f{. Thereafter
continued advance of the piston 208 forces fluid
through recess 40, port 41, annular groove 42,
bore 43, into valve chamber 44. The fluid forced
into valve chamber 44 flows past the piston valve
51 and cup washer 56 into passageway 58 and
thence into the right-hand or outlet end of the
high pressure cylinder. Here the fluid flows
through valve 64 and into pipe line 65. This dis-

charge of fluid into the pipe line raises the pres- ¢

sure of the fluid in the pipe line 65, motor cylin-
der 66 and in the operating parts of the com-
pound cylinder.

When this pressure reaches a predetermined
value, ball valve 47 opens and permits fluid forced
into the valve chamber 44 by the low pressure
piston to flow back into reservoir (1, thereby ren-
dering the low pressure cylinder ineffective.

Very shortly after valve 4T opens, the right-
hand end of finger 35 engages and advances high
pressure piston 36, thereby closing port 45 and
discharging additional fluid from the high pres-
sure cylinder. The fluid discharged from the
high pressure cylinder acts on cup washer 56 and
piston valve 51 to move them upwardly or toward
the left and bring projection 55 into engagement
with ball valve 41. Cup washer 56 will not permit
fluid to flow from the high pressure cylinder
therepast, and thereafter the pressure created by
the high pressure piston holds valve 471 open,
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thus permitting fluid to flow
sure cylinder back into

from the low pres-
the reservoir without re-

- strietion, so that there is no drag on the low pres-

sure piston,

Upon. release of
lever 31, springs 22
low pressure pistons to the positions shown in
Fig. 1. Usually an additional spring or similar
means is provided to return the lever 31 and pis-
ton rod 29 to normal position independently of
the return of the pistons.

Pistons 20 and 36 usually return faster than
motor cylinder pistons 61, and under these con-
ditions fluid from annular space 25 by-passes the
right-hand end of low pressure piston 20 and
gasket 21, such by-passing being facilitated by
grooves 33 and 34. At the same time fluid can
by-pass the high pressure eylinder 38 by passing
around through bore 43, valve chamber 44, and
passageway 88,

The fluid returned to the compound cylinder
4y the return movement of the motor cylinder
pistons 67 forces valve mechanism 64 away from
seat 63, and the excess fluid in the high and low
pressure cylinders is returned to the reservoir
by way of port 45, bore 43, annular space 42,
passageway 41, and port 32.

In Fig. 3 I have illustrated the embodiment of
my compound cylinder shown most clearly in

bressure from the actuating

'Figs. 1 and 2, as being incorporatedin g fluld sys-

tem of power transmission which includes a re-
turn line 69 leading directly from one of the
motor cylinders to the reservoir. This return
line 69 is to be understood as merely an optional
and convenient means of bleeding the system and
is not necessary to the successful . operation of
this embodiment of my invention. In fact, this
embodiment of my invention is deslgned for a
pulsating type of fluid system in which the fluid
surges back and forth in a single conduit or
conduit system and is especially. designed for
use with present forms of hydraulically actuated

' vehicle brakes and other types of fluld trans-
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mission systems in which it is not common and
frequently impossible to provide a special re-
twn line to the reservoir which would corre-
spond to conduit 69. ’

Where this form of my invention is used in the
hydraulic brake systems of the type now in com-
mon use, the system would be bled by means of
the bleeder screws now commonly associated
with the motor cylinders located at the vehicle
wheels.
such systems, the return connection 10, passage-
way 12, and‘bleed screw 13, could be eliminated.

That form of my invention shown in Figs. 4, 5,
and 6 is generally the same as that previously
described. This form of my invention, however,
is especially designed for incorporation in a cir-
culating system in which one conduit or conduit
system is utilized to connect the motor cylinders
with the discharge port of my compound com-
pression cylinder, and a separate conduit or con-
duit system is utilized to transfer fluid dis-
charged from the motor cylinders back to the
fluid reservoir associated with my compression
cylinder. -

In this embodiment of my invention, as shown
most clearly in Figs. 4 and 5, T provide a casting
80 having a reservoir 81 which is normally closed
by a removable cover 82 held in place by a boit
83 which is provided with an atmospheric vent
84. In order to prevent undue splashing of fluid
in the reservoir, I preferably provide & cork disk

and 38 return the high and .

Where my invention is to be used in .

3

24 which floats on the surface of the fluid in the
reservoir, :

The casting 80 also provides a low pressure eyi-
inder 85 and a high pressure cylinder 86. A pis-
ton 87 is located in the low pressure cylinder and
Is actuated by a piston rod 88 connected to s suit-
able actuating lever 89 which may be manually
or power-operated by any suitable means. 'The
piston 87 has an annular recess 80 maintained
in communication with the reservoir 8§ by port
81. The fiuid which fills this recess 90 acts as a
fluid seal to prevent leakage of air past the reay
of the piston. An annular rubber sealing gasket
82 prevents escape of liquid from the recess 93
past the rear of the piston and also cooperates
with the fluid seal in breventing leakage of air
past the piston during its return stroke, '

Rearward movement of the piston 81 is limited
by the upper end of a removable drain plug 93.
A rubber gasket 94 is pressed against the for-
ward face of the piston 87 by return spring 95,
Piston 87 and gasket 94 are provided with grooves
86 and 97, respectively, to facilitate the flow of
fluid therepast during the return stroke of the
The low pressure biston also carries g
forwardly extending finger 98 for operating the
high pressure piston 89 which carries s rubber
cup-washer or gasket 109 held thereagainst by
a return spring 194, Rearward or return move-
ment of the high pressure piston is limited by the
annular stop member {02 held in place by the
spring 88 which is of greater strength the. the
spring 0. The high pressure piston 99 hag
openings 102 and annular groove {04 for estab-
lishing communication between the low pressure
cylifider and bore 105 leading to valve chamber
The upper end of the valve chamber is
closed by a removable Plug 107 carrying & ball
valve 108 set to release at & predetermined pres-
sure

The valve chamber contains a piston valve {09
having a projection (i0 for holding open the ball
valve (08 while the low pbressure cylinder is in-
effective, 'The piston valve 109 is provided with
& rubber gasket {11 which Seals in one direction
only and which, in the bresent instance, is shown
&s provided with g centrally located forward pro-
Jection which serves as 2 Iimit stop. A Ppassage-
way 112 connects the valve chamber 106 with
the forward end of the high pressure cylinder 86.

The outlet or right-hand end of the high pres-
sure cylinder is closed by g screw plug 43 con-
taining a ball check valve {14 which permits
fluid to flow from the high pressure cylinder
into a pipe line £15, but prevents return flow of
fluid from the pipe.line to the high pressure cyl-
inder.

In the particular hook-up illustrated in Fig. 6,
pipe line 115 leads to motor cylinders {16 hav-
ing pistons i{7 for actuating piston rods i i8 con-
nected to any suitable mechanism. Since check
valve |14 prevents the return of fluid from the
motor cylinders 116 by way of conduit 1185, g sep-
arate conduit 19 is provided to return the fluid
from the motor cylinders to the fluid reservoir,

Conduit 119 is normally closed by relief valve

_125. This relief valve includes a valve member

126 which is normally held by spring 127 in
sealing engagement with the adjacent end of one
©of the pipes forming the conduit | {8. The spring
12T may be of such strength that the valve mem-

‘ber 126 will be automatically moved to open po-

'sition when the pressure in the motor cylinders
reaches a predetermined maximum, but in the
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ordinary use of the mechanism the relief valve
is opened by exerting a pressure on lever 128
in the direction indicated by the arrow. This
pressure may be exerted manually or by any
suitable means and, in at least one usage of my
invention, this pressure is preferably exerted by
the return movement of the lever 88 or other
means for operating the compound cylinder.
Where the reservoir is located below the motor
cylinders and it is desired to maintain the mo-
tor cylinders and pipe lines full of fluid, or where
for any reason it is desired to maintain a pres-
sure on the fluid in the pipe lines and motor cyl-

inders, a spring pressed check-valve {20 may be. -

provided. This check valve ordinarily operates
under very light spring tension but may be given
any spring tension desired. In most installations
the reservoir can be located above the motor
cylinders and the check valve 120 eliminated en-
tirely.

In this latter embodiment of my invention I
have shown the casting 80 as provided with one
or more bosses 122 for receiving the threaded
ends of attaching bolts 123 by means of which
my compound cylinder and reservoir unit may
be attached to a suitable support such as that in-
dicated at (24, ‘

Having thus described my invention, what I

claim is new and desire to secure by United States

Letters Patent is:

1. In mechanism of the class described, the
combination of & reservoir, a low pressure cylin-
der, a piston reciprocable therein, means for re-
ciprocating said piston, a forwardly extending
projection carried by said piston, a high pressure
cylinder, a piston reciprocable therein, sald pis-
ton being normally spaced from sald projection
but being adapted for movement thereby, a dis-
charge conduit connected to said high pressure
cylinder, a passageway by-passing said high pres-
sure piston, a chamber intercepting the pas-
sageway, & valve in said chamber permitting flow
through the passageway in one direction only a
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loaded valve connecting sald passageway with
said reservoir, and passageways in the high pres-
sure piston providing a communication between
the by-pass and the low pressure cylinder.

2. In mechanism of the class described, the

combination of a reservoir, a low pressure cyl- .

inder, a piston reciprocable therein, means for
reciprocating said piston, a high pressure cylin-
der, a piston reciprocable in the high pressure
cylinder, means carried by the piston in the low
pressure cylinder for actuating the piston in the
high pressure cylinder after an initial move-
ment of the piston in the low pressure cylinder,
a valve chamber spaced laterally from said high
pressure cylinder, a piston valve in said cham-
ber, said piston valve by-passing fluid in one
direction only, a passageway connecting sald
chamber with each of sald cylinders, a loaded
valve in said chamber controlling communica-
tion between said chamber and said reservoir, &
piston valve operable for holding said loaded
valve in open position during the compression
stroke of the piston in the high pressure cylin-
der, and valve means at the outlet end of said
high pressure cylinder.

3. In a cylinder and reservoir unit of the class
described, the combination of a reservoir, a low
pressure cyiinder supplied therefrom, a high pres-
sure cylinder adapted to receive fluid discharged

from said low pressure cylinder, a piston in said °

low pressure cylinder, a piston in said high pres-
sure’ cylinder, a port normally connecting said
low pressure cylinder with said reservoir, a port
normally connecting said high pressure cylinder
for two-way communication with said low pres-
sure cylinder, means for advancing said pistons
to close said ports, a passageway connecting said
cylinders for one-way communication only, a
chamber intercepting the passageway and com-
municating with the reservoir, and a loaded valve
in said chamber controlling the communication.

ERWIN F. LOWEKE,



