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ApplicationMay'11, 1948, Serial No.-26,318
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11 Claims.
1

/Phis :invention : relates «generally {o ‘hydraulic
apparatus:and. is:particilarly directed to-hydrau~
leipresses or ather hydrailic.equipment havinga
flisid ‘motor -of  the piston.and cylinder type:and
an element, suchiasa:ram,; operated by-the:piston
ofithe: fluid metor.

;An. object of -the invention is-to provide.a hy-
draulic:system havinga:fiuid motor of the:piston
and cylinder type,-assource of fluid pressurezand
acontrol ‘mechanism for ;governing .the ‘flow :of
the :pressure frem - the source to:the fluid: metor
to cause rapid. movement .of the -piston:of the
motor. in beth directions, the control mechanism
being :operable "at ;any - point in :the -motien of
the -piston in onedireetion to-increase the:force
exerted by:the piston, this increase!in:force:being

accompanied:by a-decrease:in the rate of -metion

of the piston.

10

;Another object: of - the:invention is to- -provide:

a hydraulic system:for hydranlic:apparatus hav-
ing:a-fluid motor:of the: piston:and. eylinder:type,
the motor . being :so constructed ‘that it -will-in-

clude -a. plurality -of -piston.surfaces of differing -

areas, the system :ineluding - control;mechanism
by means -of -which. fluid- displaced-by certain:of
the: piston -surfaees will -be: combined with -fuid
appliedto: other piston surfaces to-decrease:.the
effective areas-of -the piston -thus.increasing .the
rate.of movement: thereof.

;:Another-object-of -the invention is to; prov1de &
mechanism:of :the character specified in-therpre-
ceding rparagraph and-to:so-construct a control

methanism therefor-that the-combination of fuid.

displaced. between certain piston surfaces:may be
interrupted, -the -displaced fluid then being.di-
rected :to -exhaust whereby the effective -ares:of
the piston surface .to ‘which -fluid .is :being -ap-
plied ~will “he -increased .and -thus -inctrease -the
force-exerted by the piston.

A :still further :object -of -the invention . is :to
provide a fluid :motor thaving a -casing :formed
with_a cylinder-for:the reception: of .a piston and
ram, the piston:and ram also being:formed.with
a second cylinder for the reception of:a:second
piston which is rigidly carried.by the casing,. fuid
conducting and control mechanism ‘being pro-
vided so that -fluid under pressure may-.be ap-
plied to the first piston: to.effect movement.there~
of, -the fluid displaced by :such  piston .during
movement being: combined  with :fluid. applied to
effect -its movement whereby the piston will be
caused-to move at-a rapid rate,.the second.piston
operating :in the second cylinder-serving as 8
pump, during-movement.of the; first:piston:incone
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and:on:the return movement:of the: first piston:to
combine -this ‘fAuid :with: fluid ‘fromthe pressure.
source applied to the first:piston:to.inerease the
rate-of ;return :movement ‘of “the piston; byithe
telescopic arrangement of the pistons.a.high de-
gree . of :compactness in ‘the -fluid :metor swill ibe:
seeured.

sAnother-object -of the invention is:to provide
a. hydraulic-system having a:source: of fluid:pres-
sure, :a fluid-motor-of:the type mentioned in-the
preceding paragraph, a.-controlivalve. mechanism:
between the: fluid-moetor-and:the: pressure-source
and-conduits connecting the:pressure source with:
thecontrol valve mechanism-andthe ldtter mech~
gnism-with . certdin -portions -of:the fluid : motor;
coniduits ~also “being provided :to- connect cerdain
paortions of the .cylinders of -the . fluid -motor {0
combine:-fluid exhausted by the: pistons with/fluid
applied (by ‘the ‘pressure. source fo decrease ‘the
effective -areas -of the pistons and .cause:rapid
movement thereof; valved conduits:alsobeing pro-
vided so that:the:hydraulie:system may- be*con-—
verted:into-acconventional-system at will,

Further objects and advantages:of-the: present‘
invention -will be .apparent :firom ‘the following
description, “reference being had to.the aecom-.
panying ‘drawings - wherein a .preferred . form - of
embodiment of the. invention:is clearly:shown.
Inthe drawings: i :

Fig, Iisa diagrammaticview of a hydraulic:sys-
tem :formed in :accordance with the present:in-:
vention; -a fuid motor and: control ‘mechanism;
therefor included. in said- system being:shown.:in;
vertical section. .

‘Figs. 2,-3 and 4 are vertical-sectional views.of
the control ‘valve mechanism showing:the :mov-
able -elements-thereof, in.different -operative;po-
sitions. :

Fig. 5.is-a diagrammatic view of -a modified
hydraulic -system, also-imeluding. the festures-of
the- present. invention, by :-which.the:operation.of
the hydraulic-device may. be modified.

iReferring .more particularly to -the .drawings.
the hydraulic system shown in Fig. 1 is designated:
generally: by the numeral.20. .In general the hy-
draulic.system .28 .includes a ;pressure.source 21,
a2 fluid:motor 22 -and-eontrol- mechanism: for said,
motoer indicated  generally .by -the numeral .23.
The fluid source ‘has been -indicated ,only .di~--

- agrammatically -and ,includes .a -reservoir 24,3

power operated pump 25 -and .o relief .valve 26,
this valve being of :any - desirable .construction..
Fluid: conduetors 27 -and .28 -extend between the
reservoir.antd pump and between :the, pump and
relief walve ;respectively. A return.line :30.eX~
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tends from the outlet of the relief valve back
to the reservoir 24 to return fluid thereto when
the relief valve spills due to the pressure in line
28 approaching a predetermined maximum. A
fluid line 31 extends from the relief valve to the
inlet port 22 of the control valve mechanism
23, the port 32 being formed in the body 33 of
the valve mechanism.

This body 33 includes a vertical chamber 34

and a plurality of annular grooves 35 to 39, in-’
clusive, spaced longitudinally of the body and.

communicating with the chamber 34, groove 35
also communicating with the port 32 and here-
inafter being termed the inlet; or, pressure port.
Grooves 36 and 37 are disposed at ‘opposite sides
of the groove 3% and are hereinafter designated
as top and hottom cylinder ports. While grooves
38 and 39 are disposed between the top and bot-
tom cylinder ports and the ends of the body 33;
grooves 38 and 38 are designated as exhaust
ports. 'These grooves 38 and 39 are connected by
a line 41 which in turn is connected by a branch
line 32 with reservoir 24. -

The top cylinder port 36 is connected by a
line 42 with the upper end of a cylinder 44 which
is formed in the casing 45 of the fluid motor 22,
the bottom cylinder port 371 being connected by
line 46 with the lower end of the cylinder 44.
Cylinder 44 receives for sliding movement, a
piston 47, which has a ram 48 depending there-
from, this ram extending through a cover 50
employed to close the open lower end of the cyl-
inder 44. The diameter of the ram 48 is smaller
than the diameter of the piston 417, thus pro-
viding a downwardly facing surface 51, which is
exposed to fiuid supplied to the lower end of the
power. cylinder.. When pump 25 is operated fluid
will .be drawn from the reservoir 24 and dis-
charged through lines 28 and 31 to the inlet port
35 of the control valve mechanism. The appli-
cation of the fluid from the pump to the fluid
motor or power cylinder is controlled by a spool
member 52, which is disposed for movement in
theé chamber 34.

i"The spool 52 in this instance is provided with
four longitudinally spaced grooves 53 to 56, in-
clusive. These grooves serve to connect certain

of the grooves 35 to 39 in various positions of-

adjustment of the spool 52. In the position
shown in Fig. 1, spool 52 will direct the fluid sup-
plied by the pressure source to the inlet port 32,
to exhaust and permit the fluid motor to remain
idle with the piston 47 retracted in the cylinder
44. The fluid will flow in the direction of the
arrows to Fig. 1 from groove 35 to groove 36,
through groove 56 to exhaust port 38, this fluid
then flowing through lines 41 and 42 to the reser-
voir. When spool 52 is in position shown in Fig. 1,
the groove 37 which is connected with the lower
end of the power cylinder will be blocked off so
that no fluid can be discharged therefrom the
fluid then in the lower end of the cylinder 44 will
retain the piston and ram in the elevated posi-
tion. -

" To effect movement of the spool 52, a shipper
rod has been provided, this rod dependmg from
the spool 52. Under normal conditions, the rod
57 and spool 52 are urged in a downward direc-
tion by a coil spring 58 arranged between the
lower end of the body 33 and a collar 60 secured
to the shipper rod. When the piston 47 and
ram are in an elevated position as shown in Fig.
1, the spool 52 will be held in a partially elevated
pos1t1on against the force of spring 58 by an arm
61, which is secured to the ram 48 and sur-
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rounds the shipper rod, this arm engaging &
collar 62 adjustably carried by the rod 57.

In the form of the invention illustrated, an
operating lever 63 is pivotally connected to the
lower end of rod 57 and is pivoted for rocking
movement as at 64, the lever 63 being provided
with an operating knob 65.. When if is desired
to initiate the operationof the fluid motor, the
knob 65 is depressed to move the spool 52 in an
upward direction to the position shown in Fig. 2.
In this position groove 55 in spool 52 will connect
the inlet 35 with the top cylinder port 36 and
fiuid from the pressure source will then be ap-
plied to-the upper end of the cylinder 44. This
fluid will tend to move the piston 41 and ram 48
in a downward direction.

It will. be noted from Fig. 1 that the fluid
motor 22 embodies a peculiar construction in
that ‘the piston 47 and ram 48 have a cylinder
66 formed therein. This cylinder receives a sec-
ond piston 67 which is rigidly secured to and de-
pends from the upper end of the casing 45. The
piston 67 is provided with a central bore 68, the
outer end of which communicates with a line 10,
this line being connected with the line 41 which
is in turn connected with line 42 leading to reser-
voir 24. Line 10 contains a check valve indi-
cated at 71. It will be seen that when piston 41
moves in a downward direction, the second cyl-
inder 68 will move relative to piston 67 to cause
latter to be withdrawn from the former; when
this motion occurs fluid will be drawn through
lines 42 and 19 into the inner end of the cylinder
66. A branch line 12 extends from line. 70 to the
bottom cylinder line 46, the line 72 also con-
taining a check valve 13. Purpose of line 12 and
check valve 13 will be presently set forth.

From Fig. 2, it will be apparent that when
valve spool 52 is fully elevated, groove 55 therein
will establish communication between grooves 35
and 36 and between grooves 31 and 35, in the
valve body 33. It will also be apparent that the
spool 52 at this time prevents communication
between groove 371 and exhaust groove 38, there-
fore, fluid supplied by the pressure source will
be directed to the upper end of the power cylinder
to cause piston 47 to be moved in a downward
direction. This movement of piston 47 will dis-
charge fluid from the lower end of cylinder 44
through line 46 to port 37 from which it will flow
through groove 54 to groove 35 where it will com-
bine with the fluid from the pressure source and
be conducted through grooves 55 and 36 and line
43 to the upper end of the cylinder 44. It will
thus ‘he seen that the fluid from the under side
of piston 41 will be transferred to the upper side
thereof, decreasing the effective area of the upper
surface of the piston 471 to the difference be-
tween the diameter of piston 67 and the diameter
of ram 48, the fluid introduced. from the pressure
source heing effective over this reduced area.
Due to the reduction in effective piston area the
ram and piston 41 will be caused to move at a

-rapid rate.

When the ram approaches the work the control
kriob 65 on lever 63 may be elevated to place the
spool valve 52 in the position shown in Fig. 3,
wherein communication between grooves 371 and
35 w111 be mterrupted and communication estab-
llshed between groove 371 -and groove 39. The
fluid ‘then displaced by the piston 47 from the
lower-end of cylinder 44 will no longer be com-
bined with the fluid applied to the upper end of
cylinder 44 and the effective area of the upper
surface of piston 47 will be increased, this area
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now: being-equal* to: the: difference: Yetween: the

diameter: of the:piston. 47 and that: of piston. &T:
this: area: being: exposed. to the: fluid  from:: the:
pressure: source. The:rate of movement of the:
piston 47 and ram 48 will then decrease but.the-
force:exerted by the ram: will: be increased. The:
distance: traveled by. the: ram during: the' power:

stroke may be regulated through the adjustment:
of:a:collar T& secured.to the shipper:rod below:
the:arm 61.. This collar: when engaged: by the:
arm: 61 will cause. the:shipper: rod. tormove in:g:
downward direction moving with it the spool:52:
‘When this spool is-moved to:the position shown:
in:Fig: 1, wherein the inlet: port 85 is:connected:
through: grooves 55, 36 and 58 with: the exhaust:
groove 38, the fluid: pressure: from: the: pressure-
source will then be: directed. to:the.reservoir -and:
will not serve: to. move the: piston: of the. power:
unit: As previously: mentioned;. the.line:leading:
from:- the: lower end of the. power cylinder will:
then: be’ blocked, so that there will.be no. escape’
of fluid contained therein: When the collar 14
is: adjusted to secure this. operation sufficient

force: will be. supplied by: the ram to: the.shipper:
rod to move the same even though the operator:
attemptsto maintain the knob 63 on the actuat-

ing1éver 63.depressed.. After the ram stops mov--
ing:it:may be caused to.retract by releasing the-
knob 65, or, elevating it,.to locate.the valve ele-

ment. 52 in:the position shown in Fig: 4.. Under

normal: conditions the collar 74-is disposed at.a:
point beyond . the limit. of: the:desired travel and
serves as a safety device to interrupt.the down-

ward/movement of the ram. After the.ram has
completed: the-desired travel in a: downward di-

rection during normal operation the spool. may:
be:lowered  to the position shown:in- Fig. 4, by:
releasing knob 65; spring 58 will then. expand:
and: move: spool 52 to. its lowermost position:.
When spool 52 occupies. position: shown in Fig. 4,

groove: 55 will establish communication between:
grooves 35:and 37, and fluid from: the pressure:
source will then be applied to the lower: endiof’
cylinder 24. At this time, also, groove 56 will

connect the top cylinder line 43- with. exhaust:
port 38. The fluid then:supplied:to the:lower end.
of the power cylinder will cause the -piston 47 and”

ram-48 to move in an upward-direction; the:fluid:.

exhausted from the upper endof the cylinder fiow--
ing: torthe reservoir 24. This upward movement.
of ‘piston 47 and.cylinder 66. causes piston 67 fo:
displace fluid from the.inner end of cylinder. 68;..
this: fluid: flowing' through passage 68, lines: 70:
and 12 to line 46 where it will combine withr Suid:
from .the. pressure source.. Through. the: intro-
duction of the additional. fluid; the effective.area:
of: the:under side of piston 47 will: be reduced in-
an-amount equal to the area of piston 67 making.
the: area of piston 41, which is exposed: to. the:
fliid from the pressure source quite small. Be=
cause this. effective area on the under surface:
of the piston 47 is small the piston:47 and ram-48-
will' Be caused to move upwardly also at.a rapid
. rate’.'
When the piston 4T approaches the upper limit:

of:its travel the arm 61 will engage the:collar-62: -

and move the shipper rod 57 and spool 52! in:an:
upward. direction: until communication:between-
grooves 35.and 27 is interrupted. at: which time:
piston’ 4T will cease to move. The spool. 52 will:
then occupy the position.shown in Fig: 1. wherein:
the:fluid: from the pressure source is: directed to.
the: reservoir to decrease the load on:the pump..
The: ram; will. remain: in: this: elevated: position:
until. the:spooll 52: is: again: moved -either:to:thex:

6

positiomshawii-in Fig; 25 or; that:shown in Fig: ;.

at:which time.a.cycle of movement will.again:be:.

initiated: When:the .spool.occupies;: the position:.

shown in:Fig:. 2 the:.ram: will: move: rapidly as.
. described previously.. After: the spool. occupies:
the. position:shown. in Fig: 3 the:ram. will.move:
at-a slower rate, but:with.increased:force,

Tt will . be’ observed that in moving. from: the:
position:shown:in: Fig: 1:to that shown:in Fig. 2;
the:spool 52:will:pass-through the posifion showiy.
i Fig::3. It.will be:-obvious from the: drawing:
that the cylinder 66 and piston 67 function as-a.
pump when:piston 4T reciprocates in cylinder. 44.
On the suction: stroke; which is' accomplished:
.. during the downward movement of piston 41, fluid:
will'be-drawn:into cylinder 66 from the reservoir; .
check valve 71 permitting fluid flow in: this direc-
tion. Check valve 18 prevents the flow. of fluid
from:litie 46°and the bottom of: cylinder 44.dur-
ing this movement of the piston 47. On:the rex-
turn stroke-of piston 471 check: valve 71 prevents:
fluid ‘exhausted. from cylinder 66 from flowing:tc:-
the reservoir 24; while check valve 13- permits.
this exhaust fluid. to-flow into line 46.

In-some instances. it may be-desired toroperate:
the press ram in the-conventional manner, that:
is; without combining-the discharge: from: certain:
portions: of the cylinder with: fluid- flowing: to-
other portions of the same- or- other- cylinders:
To-secure-this-varied' form: of operation the hy-
draulic system may be-modified’ as illustrated in:
Fig. 5 wherein line- 72 is-provided with a valve 75
which. in the- previously- described' operation of
the system is-maintained-in an open position. A-
connecting: line 76 containing a normally-closed
valve: 11 is disposed between the lines: 43 and 10:
When it is desired-to operate the system in a.con--
ventional manner, valve 15-is closed and valve 1T
is opened. At this time- the: control: valve spool
52-should:be placed in the position shown.in Fig:
3 to- effect a pressing operation of the ram.
When: the spool 52¢is-so positioned fluid under:
pressure from: the pressure source will: flow from
the-inlet port 35 through groove 8% to:groove 36:
from’ which:it- will flow through lines 48; 16 and
19%/into-the upper end’ of cylinder 44 and the inner-
end’ of cylinder 66. This fluid will urge the ram
in a downward direction, the effective area of the
piston being the total area of piston 47 and' pis-
ton BT Due to the increased effective area tlie:
movement of the ram will be slow, but the force
will be-increased. When tlie pressing stroke has-
been completed the valve spool 52 may then be
moved to the position shown in Fig. 4, wherein
55-1ine 43 will be connected with the-reservoir while

line #6-is connected with: the pressure source:

Fluid from the pressure source will thus be-intro-
duced to the- lower-end of cylinder 44 which will’
cause piston 4T to move in an upward direction:
60 Fluid expelledd by pistons- 47 and 87 will® passs
through lines 43 and 42 to reservoir 24 The rate
of return-of piston 47 will be at the conventional
rate. ‘
Also in some instances of operation it may be
65 desired-to cause the ram to move at the:conven-
tional rate during the initial portion of the:re-
turn stroke and then at an increased: rate during: -
the: balance of return. stroke. To: provide: for
such operation a second shunt line 78 containing::
705 . normally- closed clieck valve 88 is provided..
This-shunt line is connected at its ends: with:line:
10.at opposite sides of valve T1. Valve 80:may.be:
opened. during the: initial portion of the ram:re=-
turn;stroke:to;cause the:ram:to move at the:con-.
75iventional rate and then closed during; the:res:
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méinihg Portion of such stroke. When valve 80

is open, fluid discharged from cylinder §6 will
flow directly to reservoir 24. After the valve is
closed, this exhaust fluid will be combined with
fluid flowing to the lower portion of the cylinder
44 to increase the rate of return travel of the
piston 41. During the operation of the system
in this manner valve 17 will be closed while valve
75 will remain open. It is obvious that the op-
eration of the system may be modified through
the provision and operation of valves. 15, 11
and 80.

While the form of embodiment of the present
invention as herein disclosed constitutes a pre-
ferred form, it is to be understood that other
forms might be adopted, all coming within the
scope of the claims which follow:

We claim:

1. In a hydraulic system, a source of fluid pres-
sure; a power unit having piston means with at
least three pressure responsive areas of different
sizes; and fluid conducting and controlling mech-~
anism between said power unit and pressure
source, said mechanism being operative in one
position to combine fluid displaced by the first
piston area with fluid from said source and apply
the same to the second piston area to move said
piston means in one direction and operative in
another position to combine fluid displaced by
the third piston area with fluid from said source
and apply the same to the first piston area to
move said piston means in the opposite direction.

2. In a hydraulic system, a source of fluid pres-
sure; a power unit having piston means with
pressure responsive surfaces of large, intermedi-
ate and small areas; fluid conducting and con-
trolling mechanism between said power unit and
said pressure source, said mechanism having a
valve member operative in one position to simul-
taneously direct fluid from said source and fiuid
displaced by the piston surface with the inter-
mediate area to the piston surface with the large
area and operative in another position to selec-
tively direct the fluid from said source to the pis-
ton surface with the large area and the fluid
displaced by the intermediate area to exhaust,
said valve member also being operative in still
another position to direct fluid from said source
to the piston surface with the intermediate area
and fluid displaced by the larger piston surface to
exhaust, said fluid conducting imeans being op-
erative to combine the fiuid displaced by the
small piston area with the fluid from said source
applied to the intermediate piston area.

3. In a hydraulic system, a source of fluid pres-
sure, a power unit having a cylinder and piston,
the opposite surfaces of said piston having differ-
ent effective areas; a control mechanism between
said pressure source and said power unit, said
mechanism having a movable valve operative in
one position to simultaneously direct fluid from
said pressure source and fluid discharged by the
smaller piston surface to the larger piston sur-
face to cause rapid movement of said piston in
a predetermined direction, said valve being op-
erative in another position also to direct fluid
from said source to said smaller piston surface
and from the larger piston surface to exhaust
to cause movement of said piston in the opposite
direction; and a pump deviee operated by said
piston when moving in said opposite direction
to add fluid to that supplied by said pressure
source to said smaller piston surface to increase
the rate of movement of said piston in said op-
posite direction,

10

15

20

25

40

50

60

70

({]

8

-4, In a hydraulic system, a source of fluid pres--
sure, a power unit having a plurality of cylinders
of different diameter and a plurality of pistons
disposed therein, said cylinders and pistons being
relatively movable; control mechanism between
said pressure source and said power unit; a mov-
able valve in said mechanism, said valve being
operative in one position to selectively connect
both ends of one cylinder with said pressure
source to cause rapid movement of the pistons
in one direction and operative in another position
to connect one end of said one cylinder with said
pressure source and the other end to exhaust o
cause movement of said pistons in such direction :
with inereased force and operative in-a third:.
position to connect said other end to said pres-
sure source and said one end to exhaust to cause
reverse movement of said pistons; and a valved
fluid conductor extending between the second of
said eylinders and said pressure source, said con-
ductor being operative when said other end of
said -one cylinder is connected with said pres-
sure source to combine fluid exhausted from said
second cylinder with fluid from said pressure
source.

5. In a hydraulic system, a source of fluid pres-
sure, a power unit having a plurality of cylinders
of different diameters and a plurality of pistons
disposed in said cylinders for movement relative
thereto, said pistons being movable in unison;
control mechanism between said pressure source
and said power unit, said mechanism being op-
erative in one position to selectively connect both
ends of one cylinder with said pressure source -
and in other positions to connect either end
thereto and the opposite end to exhaust; and
fluid conducting means extending between an-
other of said cylinders and said pressure source,
said conducting means being operative when a
predetermined end of said one cylinder is con-
nected with said pressure source to combine fluid
exhausted from another of said cylinders with
fluid from said pressure source.

6. In a hydraulic system, a fluid pressure source
having a reservoir; a power unit having a casing
with a cylinder; a piston disposed for reciproca-
tion in said eylinder, said piston having a sec-
ond cylinder formed therein; a second piston
stationarily supported by said power unit casing
and disposed in said second cylinder; conduit .
means extending between certain ends of said
cylinders and said reservoir; check valve means
in said conduit means, said check valve means
permitting fluid flow only from said reservoir to
the second cylinder and from the latter to an
end of said first cylinder; and control mecha-~
nism between said pressure source and said power
unit, said control mechanism being operative to
selectively connect both ends of the first cylinder
with said pressure source or either end thereof
with said pressure source and the opposite end .
with said reservoir. :

7. In a hydraulic system, a source of fluid
pressure including a reservoir; a power unit hav-
ing a casing provided with a cylinder; a piston

‘disposed for reciprocation in said cylinder, said:

piston having a cylinder formed therein; g sec-
ond piston disposed in the cylinder in the first
piston, said second piston being supported by
said casing; control mechanism for said power
unit, said control mechanism having an inlet port
communicating with said pressure source and
cylinder ports communicating with opposite ends
of the first-mentioned cylinder; conduit means
connecting the inner ends of said cylinders; a.
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check valve in said conduit means limiting fluid
flow to a direction from the cylinder in said
piston to the first-mentioned cylinder; a second
conduit means connecting the second-mentioned
cylinder with said reservoir; a check valve in said
second conduit means limiting fluid flow to a
direction from said reservoir to said second cylin-
der, and a movable valve spool in said control
mechanism selectively operative to connect both
ends of the first-mentioned cyiinder with said
power source simultaneously when in one position
or either end with said power source arnd. the
other end with said reservoir when in other
positions. ‘

8. In g hydraulic system, a source of fluid pres-

sure, a fluid motor having a cylinder and a piston

disposed for reciprocation therein; control mech-
anism between said pressure source and said mo-
tor, said control mechanism having a casing with
a chamber and inlet, top and bottom cylinder and
exhaust ports communicating therewith; fluid
conducting means connecting said inlet port with
said pressure source and said cylinder ports with
the ends of said ecylinder; a valve element disposed
in said chamber for movement to one position to
establish simultaneous communication between
said eylinder ports and said inlet and to other po-
sitions to establish communication between either
of said cylinder ports and said inlet port and the
other cylinder port and exhaust; a pump device
operated by movement of said piston, said pump
drawing fluid thereinto during movement of said
piston in one direction and discharging fluid
therefrom during movement of said piston in the
opposite direction; and passage means for con-
ducting the fluid discharged from said pump to
the end of said cylinder connected with said bot-
tom cylinder port.

9. In g hydraulic system, a source of fluid pres-
sure, including a reservoir; a fluid motor com-
prising a casing having a cylinder formed there-
in; a piston with a ram disposed for reciproca-
tion in said cylinder, said ram projecting through
the end of said cylinder; a second cylinder formed
in said piston and ram; a second piston carried
by said casing and disposed in said second cylin-
der; a control mechanism having a body with a
chamber and inlet, inner and outer cylinder and
exhaust ports communicating with said chamber;
fluid conductor means connecting said inlet port
with said pressure source and the ends of said
first cylinder with said inner and outer cylinder
ports; a valve element disposed in said chamber
for movement to one position to connect both cyl-
inder ports with said pressure source to cause a

rapid projection of said ram from said casing,

said valve element also being movable to another
position to connect the outer cylinder port with
said pressure source and the inner one with ex-
haust to cause the projection of said ram under
increased force, said valve element being mov-
able to a third position to connect the inner cyl-
inder port with the pressure source and the outer
cylinder port with exhaust to cause the retraction

of saild ram; passage means connecting the inner:

end of said second cylinder with the conductor
leading from the inner cylinder port to the inner
end of said first cylinder; additional passage
means connecting the aforementioned passage
with said reservoir; and check valve means in said
passages to limit the direction of fluid flow there-
through.

10. In a hydraulic system, a source of fluid
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pressure; a power unit having piston means with
at least three pressure responsive areas; a con-
trol mechanism between said pressure source and
said power unit, said ‘control mechanism having
a casing with a chamber and inlet, top and bot-
tom cylinder and exhaust ports communicating
therewith; a spool element disposed for move-
ment in said chamber, said element having a plu-
rality of spaced grooves and being operative in a
first position to establish communication between

said inlet and an exhaust port and to block said

bottom cylinder port, said element being opera-
tive in a second position to establish communi-
cation between the bottom and top cylinder poris
and said inlet port, the element being operative
in a third position to connect said inlet and top
cylinder ports and said bottom cylinder and ex-
haust ports, a fourth position of said spool ele-
ment serving to connect said inlet and bottom
cylinder ports and said top cylinder and exhaust
ports; and check valve equipped conduit means
for combining fluid displaced by one of. the piston
areas with fluid flowing from the pressure source
when the spool element is in said fourth position.

11. In a hydraulic system, a source of fuid
pressure having a reservoir; a power unit having
a casing with a piston chamber; a piston and ram
disposed for movement in said chamber, said pis-
ton and ram having a cylindrical chamber
formed therein; a second piston carried by said
casing and disposed in the chamber in said pis-
ton and ram, movement of the first-named piston
causing relative movement of the second piston
in its chamber; mechanism for controlling fluid
flow from the pressure source to said power unit
and from the latter to exhaust, said mechanism
having a casing with a bore and inlet, top and
pottom cylinder and exhaust ports communicat-
ing therewith; fluid conducting means connect-
ing said inlet port with said pressure source and
said top and bottom cylinder ports with opposite
ends of the first-mentioned chamber; a spool
member disposed for movement in said bore, said
spool serving in one position to connect said inlet
and an exhaust port and in a second position to
connect said inlet with both cylinder ports, said
spool serving in a third position to connect said
inlet with the top cylinder port and said bottom
cylinder port with an exhaust port, a fourth po-
sition of said spool reversing the connections
made in the third position; a conductor extend-
ing from the chamber in said piston to said reser-
voir; a check valve in said conductor to limit flow
to the direction from said reservoir to said cham-
ber;: a conductor communicating with the last-
named conductor and the conductor extending
from the bottom. cylinder port to said first-men-
tioned chamber; and a check valve in the last-
mentioned conductor to limit flow in a direction
toward the first-mentioned chamber,
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