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This invention relates to hydraulic drives of
the type employed for operating a machine hav-

ing an element which is fo be operated in op-.

posite directions by the motor of the drive and
which is constantly urged in one direction by
an independent force, such as the platen of a
vertical press or the tool slide of a vertical broach-
ing machine each of which is constantly urged
downward by gravity.

A drive employed for this purpose. ordinarily
includes a resistance valve which resists the dis-
charge of liquid from the motor during move-
ment of the element in the direction in which
it is urged by the independent force, and the
resistance valve is so adjusted or proportioned
that the pressure required to open it is higher

than the pressure created in the motor by the

. element being urged in that direction by the in-
dependent force, thereby enabling the motor to
hold the element stationary when the machine
is idle. '

However, when the motor is operating the ele-
ment in that direction to perform useful work,
the energy expended in forcing the motor dis-

 charge liquid through the resistance valve not
only causes the liquid to become heated but also
reduces the foree available for performing useful
work. ’ . :

If the machine is operated continuously or if
the cycles of operation of the machine follow
‘each other at closely spaced intervals, heat will
be generated much faster than it can be dissi-
pated and the temperature of the liquid will rise
until the lquid becomes so hot that the pump
could not function properly and would probably
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be damaged if operated at such a temperature.

The present invention has as an objecy to pro-
vide such a machine with a hydraulic drive hav-

ing means which will hold the platen, slide or -

other. element of the machine stationary when
the machine is idle but which will not materially
reduce the force available for performing use-
ful work or cause the liquid to become over-
heated.

Other objects and advantages will appear from
'‘the following description of an embodiment of
the invention shown schematically in the accom-
panying drawing in which the views are as fol-
lows: ’ .

Fig. 1 is a cireuit diagram of a hydraulic drive
in which the invention is embodied.

Figs. 2, 3 and. 4 are views showing the valves
in positions other than those shown in Fig. 1.

For the purpose of illustration, the drive has
been shown provided with a reciprocating hy-

40

45

draulic motor consisting of a stationary vertical
cylinder { and a piston 2 which is fitted in cyl-
inder { and connected by & rod 3 to a carriage
or slide 4 which may be the tool slide of a vertical
broaching machine. )

Motor {—2 is adapted to be energized by lig-
uid supplied to the upper and lower ends of cyl-
inder { through two channels 5 and § respec-
tively. The liquid may be supplied from a uni-
directional pump to opposite ends of cylinder |
alternately through an ordinary reversing valve
but, since the displacement of the pump must
be varied in order to vary the speed at which
slide 4 moves the tools carried thereby across the
work, a reversible pump is ordinarily employed
as a reversing valve would only add to the cost
of the machine. o

As shown, motor 1—2 is energized by liquid sup-
plied by a reversible pump 7 which delivers lig-
uid into one or the other of two channels 8 and
9 to cause the motor to operate in one direction
or the other and which draws its supply of lig-
uid from a reservoir 10 through a check valve
t1 during movement of piston 2 in one direction
and is supplied with liquid from cylinder { dur-
ing movement of piston 2 in the opposite direc-
tion as will presently be explained.

Since the volume of liquid discharged from cyl-
inder [ will vary from the volume delivered there-
to by an amount equal to the displacement of
piston rod 3, and since it is desirable to move
slide 4 upward at a speed considerably higher
than the speed at which it is moved downward,
the drive has been shown as being provided with
a differential valve consisting primarily of a valve
casing {5 and a valve member {6 arranged there-
in. i

Valve casing 15 encloses a chamber 17 with
which channel 5 communicates through a side
wall thereof. Chamber 1T contains a boss 18
which is ordinarily formed integral with another
side wall of casing {5 and has formed therein a
bore 19 in which valve member (6 is slidably fit-
ted. Boss {8 has an annular groove 20 formed
therein around bore 19 and connected by chan-

~nel 21 to a relief valve 22 which discharges into
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reservoir 10, and valve member 16 has a duct
23 extending inward from one -end thereof and
then radially outward -into communication with
an annular groove 24 which is formeq in valve
member 16 intermediate the ends therecf and

“adapted to register with groove 20 in boss 18.

Bore 19 is-arranged in axial alinement with
two bores 25 and 26 which are arranged in the

‘opposite ends of casing 15 and have the same




diameter as bore (8 so that velve member (8
meay be fitted in bore 19 and cither of bores
25 and 26 simultaneously. Bore 25 has channel
8 connected thereto and bore 26 is connected by
a cngnnel 27 to channel § Intermediate the ends
thereof so that, when valve member {6 is in
the position shown 1n Fig. 1, channel § communi-
cates through chamber (7 and channel 27 with
channel § and communicsiion between chennels
& and 8 is blocked and, when valve member (8
is in the position shown in Fig. 2, channel § is
connected $o channel 8 through chamber 17 and
channel § is connected through chennel 27, duct
283, grooves 24 and 20 and channel 21 fo relief
valve 22,

The weight of siide ¢ and associated parts
tends to move piston 2 downward and cause it o
eject Hquid from the lewer end of cylinder I so
that, 1f channel 6 were connected directly to
channel 9, the pressure crested in the lower part
of eylinder { due to the weight supported by pis-
tenn @ would cause lould $o lesk $hrough the
pump and thereby permit piston 2 snd slide 4
to move downward slowly when the meachine
was idle, it being understood that & small amount
of Infernal Zeakage is an Inherent character-
istic of 21 pumps.
© If when the machine is idle downward move-
ment of slide 48 were prevented by connecting

2 free return resistanc@ valve between the low-

er end of cylinder § and the intake of pump 7
according to the usual praciice, the endire vol-
ume of iauid expelled from the lower part of
cylinder 1 would have to be forced through the
resistance valve which would cause a waste of
power and o large amouné of heat to be gen-
erated in the lould,

In order to overcome the above cbjectionable
features, o hydraulically operated resistence valve
341 is connected hetween chapnels 8 and 8 o
prevent downward movement of piston 2 when
the machine is idle and to permit substantially
iree fiow of liguid when the machineg is in oper-
aticn,

Resistance valve 8 has been shown as includ-
ing a wvalve caslng 32 having sn axial bore 88
formed therein and communicating at its upper
end with an axisl port 34 having an annular
valve seal 38 formed around the inner end
thereof., Valve seat 35 normsally hes a valve
member 36 in engagement therewith to con-
trol communication between port 34 and an an-
nular port 87 which is formed in the wall of
the bore 388 af the upper eud thereof. Doits
34 and 37 have channels § and 6 connected there-
{0, respecéively, so that vaive member 38 con-
trols communication between chenncis 8 and 9.

Valve member 38 Is connected to or formed
integral with & plunger 38 which Is ftted in
ore 33 and urged upward by a light spring 89
50 that valve member 86 is normaslly held in con-
tagy with valve seat 85 to block communicetion
between channels 8 and 8. Valve member 38 is
smaller in diameter $hen plunger 38 to provide
therebetween g shoulder 40 upon which louid
may act to move plunger 33 downward and there-
by move valve member 36 away from valve set
38 io open communication between channels §
and 8.

The ares of shoulder 42 and the tension of
spring 3% are so proportioned that s very low
pressure, for instance 25# per sguare inch, will
exert sufficient force upon shoulder 48 to move
plunger 38 downward and therchy move valve
membidy 38 out of combact with vslve seat 88.
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Since when the machine is idle piston 2 will
be urged downward by the weight of slide § and

_ associated parts and since resistance valve 31
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prevenis piston 2 from ejecting liquid from the
lower -end of cylinder {, pressure will be created
in the lower part of cylinder { and this pressure
will act upon shoulder 49 and tend to move plung-
er 3¢ and valve member 36 downward to open
resistance valve 3{.

However, the same pressure is applied to the
lower end of plunger 38 and, since the effective
pressure ares on the lower end of plunger 38
is greater then the effective pressure ares at
the upper end thereof due to the ares of valve
member 36 which is open to port 34, the upward
force exzerted by the liquid exceeds the down-
ward-force exerted thereby so that valve mem-
ber 86 is firmly held in contact with velve seat
46 when the machine is idle.

The application of pressure to the lower end
of plunger 38 is under the control of a pilct
velve 45 having three spaced apart heads or pis-
tons 46, 47 and 48 formed thereon and closely
fitted in the bore 49 of 2 valve casing 58. Pis-~
ton 47 controls an annular groove or port 51
which is formed in the wall of ‘bore 48 snd con-
nected by a channel 52 to the lower end of borg
338 in valve casing 82. That part of bore 49 be-
tween pistons 48 and 47 is open at all times io
the lower end of cylinder { as by being con-
nected by a channel 53 to port 87 in valve cas-
ing 32, and that part of bore 48 betwesn pistons
47 and 48 is connected to o drain chennel 54,

. The Iower end of bore 48 Is connected by a
c“lannel 85 to chanmel B sc that, when sump 7
is -adjusted to deliver liquid to the upper end
of cylinder ! to move piston 2 downwerd, lg-
uid will enter the lower end of bore 49 and move
valve 45 upward to the position shown in Fig. 4.
Valve 35 is urged downward by 2 spring 5§ ar-
ranged in the upper end of bore 45 bus, in order
that a light spring may be employed 2nd {o as-
sure thet valve 48 will ke positively moved down-
ward ob the proper point In & cycle of operation,
the upper end of bore 49 is ordinarily connected
%o channel 9 by & channel 57 so that, when pump
7 is adjusted to deliver lquid to the lower end of
cylinder | to move piston 2 upwerd, Hauid will
the upper end of bore 49 and move valve
48 downward to the position shown in Fig, 1.

When pilot valve 48 is In the position shown
in Fig, 1, piston 47 overlaps port 61 snd com-
mundcation between port 50 snd chennel B3 is
provided by o plurality of small tapered grooves
%8 which are formed in piston 47 to throttle the
flow of Yquid to the lower end of bore 33 and
thereby prevent plunger 38 from advencing valve
member 36 into conlact with valve seat 35 with
such force thet deamage might result. In order
that resisiance valve 31 may be guickly opened,
2 check valve 59 1s connected between channels
52 and 53 {0 permit louid t0 escape freely from
channel §2 into chanmnel 53 bub o prevent the
ﬁow of Meuwld in the opposite airecuon except

rough the grooves 58,

Operation

When the several pearts are in the positions
shown in Fig, 1 end pump 7 is idle or ot zero
stroke, the welght of slide 4 and associated parts
wilt tend o move piston 2 downward and cause
ii; to elect Hauid from the lower part of cylinder

§ buf spring 59 will hold velve member 36 ageingt
Valv& sceb 86 and prevent the escape of lguid so

s
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that the force exerted by piston 2 will create
pressure in the lower part of cylinder f.

This pressure will extend through channel 6
to port 37 in valve casing 32 and tend to move
plunger 38 downward by. acting upon. shoulder
40 but it cannot do so for the reason that the
same pressure will extend from port 37 through
channel 53, bore 49 in valve casing 50, grooves
58 in piston 47, port 51 and channel 52 to the
lower end of bore 33 in valve casing 32 and act
upon the lower end of plunger 38 so that valve
member 36 is held firmly in contact with valve
seat 35, thereby positively preventing piston 2
and slide 4 from descending when the machine
is idle.

To start the machme on a working stroke,
pump 1 is adjusted to cause it to deliver liguid
into channel 8. The liquid will shift differential
valve member 16 to the position shown in Fig. 2
and then flow through chamber {7 and channel
5 to the upper end of cylinder { but the liquid in
the lower part of cylinder | initially. prevents
piston 2 from moving downward and thereby
causes pump pressure to rise,

Liquid will then flow from channel § through
channel 55 to the lower end of bore 49 in pilot
_valve casing 50 and move pilot valve 45 upward
to the position shown in Fig. 4, pilot valve 45
expelling liquid from the upper end of bore 48
through channel 57 into channel 9 which is con-
nected to the intske side of pump T.

Raising pilot valve 45 connects port 51 to
drain channel 54 so that the pressure in the

- lower end of bore 33 is destroyed. The pressure
acting upon shoulder 40 will then move plulger
38 and valve member 36 downward and plunger
88 will expel liquid from the lower part of bore
33 through channel 52 and bore 49 into drain
channel $4.  Downward movement of valve mem-
ber 386 opens communication between channels
6 and 9 so that piston 2 may expel liquid from
the ‘lower end of cylinder I.

The liguid discharged by pump 1 wlll then
flow through channel 8, chamber {71 in differen-
tial valve casing 18 and channel 5 to-the upper
end of cylinder | and move piston 2 downward
on a working stroke, and piston 2 will expel
liquid from the lower part of cylinder 1 through
channel 6 and resistance valve 31 into channel 9.

Since the volume of liquid discharged from
cylinder i is greater than the volume of liquid
supplied to cylinder | by pump 1, a part of the
discharge liquid will flow through channel 9 to
the intake of pump 1 and the remainder will
flow from channel 9 through channel 21, duct
23, grooves 24 and 20, channel 21 and rehef valve
22 into reservoir 10. -Relief valve 22 will resist
the discharge of liquid therethrough and there-
by cause pressure to be created in channel 9 so
that pump 7 is supercharged at a pressure equal
to the pressure required to open relief valve 22.

The pressure required to open relief*valve 22
is ordinarily substantially higher than the pres-
sure required to compress spring 39 so that the
force exerted by the liquid on shoulder 40 and
valve member 36 will move valve member 36
far enough from valve seat 35 to provide free
flow of liquid from channel 6 into channel 9.
Consequently, the resistance to the discharge of
liquid from the lower end of cylinder | is pro-
vided solely by relief valve 22 which is adjusted
to provide in cylinder | a back pressure of the
magnitude ordinarily employed for this purpose,
for example, 300# per square inch. )

While the préssure in the upper end of cylin-
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3 .
der i must exceed the pressure required to per-
form useful work by an amount equal to the back
pressure, pump T need create only the pressure
required to perform the useful work for the rea-
son that it is supercharged by the back pressure.

For example, if a pressure of 1000# should be
required to perform the useful work and the back
pressure should be 300#, a pressure of 1300#
would be required in the upper end of cylinder {
to move piston 2 on a working stroke but, since
pump T is supercharged by the back pressure, it
would only have to raise the pressure from 300#
to 1300# or a difference of 10600# and, since the
volume of liquid exhausted through relief valve 22
is relatively small for the reason that the ratio
of the area of cylinder | to the area of piston
rod 3 is ordinarily five or six to one, the power
loss at relief valve 22 is relatively small and
the amount of heat created in the liquid is so
small that it is readily dissipated.

If piston 2 had connected thereto a second rod
which had the same diameter as rod 3 and ex-
tended through the lower end of cylinder i or if
the invention were applied to a downward act-
ing hydraulic press in which the ram or piston
rod extended through the lower end of the cyl-
inder, differential valve 15—§6 and relief valve
22 would be omitted in which case the apparatus
wouid function in the above described manner
to positively hold the piston staticnary when the
machine was idle but would cause no power loss
whatever during a working stroke of the piston.

After piston 2 has completed its working stroke,
pump T is adjusted to deliver liquid into channel
9, thereby causing pressure to be created therein
and the pressure in channels 5 and 8 to drop sub-
stantially to zero so that differential valve mem-
ber- 16 is moved to the position shown in Fig, 1
by pressure extending from channel 9 through
channel 21, and pilot valve 45 is moved downward
to the position shown in Fig. 1 by spring 56 or
by pressure extending from channel 8 through
channel 57 to the upper end of bore 49.

The liquid delivered by pump 7 into c¢hannel
9 will move resistance valve member 3§ down-
ward and then flow through ports 34 and 37 and
channel 6 to the lower end of cylinder I, down-
ward movement of valve member 36 being resisted
only by spring 39 for the reason that plunger 38
can expel liquid from the lower part of bore 33
through channel 52, check valve 59 and channel
53 into port 37.

The liquid delivered by pump 7 to the lower
end of cylinder | will move piston 2 upward and
cause it to expel liquid from the .upper end of
cylinder i through channel 5, chamber 17 in dif-
ferential valve casing 15 and channel 21 into
channel 9 where it aughents the volume of liquid
discharged by pump 7 which at this time draws
its supply of liquid through check valve {1 from
its reservoir 10. Pump 7T thus need only to sup-
ply a volume of liquid equal to the displacement
of piston rod’'3 so that plston 2 is moved upward
at high speed.

When piston 2 reaches its upper limit, pump
1 is stopped or the displacement thereof is re-
duced to zero, piston 2 will come to rest, spring
39 will move valve member 36 into contact with
valve seat 35, and the pressure in the lower end
of cylinder | will extend through the previously
described channels to the lower end of bore 33
and cause plunger 38 to hold valve member 36
firmly against seat 35 to thereby prevent piston
2 from descending as previously explained.

The invention herem set forth is susceptible
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of various modifications and adapiations with-
out departing from the scope thereof as here-
after claimed.

“The invention is hereby claimed as follows:

1. In a machine having an element constantly
urged in one direction, the combination of a hy-
‘draulic motor connected to said element and hav-
ing a first port and a second port interchangeable
for the admission and discharge of liquid to and
from said motor, said element exerting upon said
motor a force tending to operate it in one direc-
tion and cause it to discharge liquid through said
second pori, & pump connected to both of said
ports, means for directing ligquid from said pump

to said poris selectively o cause said mofor fo 3

move said element in opposite directions selec-
tively, a valve for preventing the discharge of

liquid through said second port and thereby caus-

ing the: force exerted by said elemeni to create

pressure in said motor, & piston operable by the

pressure created by said element for holding said
valve closed 1o prevent said motor from discharg-
ing. liguid through said second por} and thereby
enabling said motor to hold said element sta-
tionary when said pump is ineffective {o energize
said motor, and means operable in vesponse 1o
said pump delivering liquid to said first port for
exhausting the pressure from said piston. -

2. In a machine having an element constantly

urged in one direction, the combinaiion of 2
hydraulic mector connected to said clement and
having a 8rst port and a second port interchange-
able for the admission and discharge of liguid
to and from said motor, said element exerting
upon said motor & force tending tc operate it in
one direction and cause it to discharge liguid
through said second port, 2 pump connected to

" both of said ports, means for directing ligquid
from said pump to said poris selectively to cause
said motor to move said element in opposite di-
rections selectively, a low pressure resistance
valve connected to said second port to resist the
discharge of liquid therefrom and thereby cause
the force exerted by said clement o create pres-
sure ab said second port, & servo-motor for apply-
ing to said valve a closing force proportional to
said pressure to hold said vaive closed and there-
by enable said mctor to hoid said element station-
ary when said pump is ineffective to energize said
motor, and means responsive to said pump de-
livering licuid to said frst port for rendering
‘said servo-motor ineffective to hold said valve
clesed. '

3. In 2 machine having an clement constantly
urged in ome direction, the combination of @
hydraulic motor connected to said element and
having g first port and s second port interchange-
able for the admission and discharge of liquid to
and from said motor, said element exerting upon
said motor & force tending to operate it in one
dirvection and cause it to discharge liquid through
said second port, & pump connected $o both of
said ports, means for directing liguid from said
pump to said ports selectively to cause said motor
to-move said element in opposite directions se-
lectively, o spring loaded low pressure resistancé
valve connected to said second port to resist the
discharge of liquid therefrom and thereby cause
the force exerted by said element to create pres-
sure at seid second port, means inciuding a pilot
valve for causing said pressure to apply sufiicient

additional loading to said resistance valve to posi--

tively hold it. closed against said pressure and
thereby enable said motor to hold said element

[+2)

10

25

38

45

53]

55

30

66

70

76

2,545,819

stationary when sald liquid directing means is
inoperative, and means responsive o said pump
delivering lguid o said @rst port for shifting
sald pilot valve to remove sald additional loading
from said resistance valve. ’
4. In o machine having an elemeni constantiy
urged in one direction, the combination of 2

"hydraulic motor connected o said element and

having g frst port and a second port interchange-
able for the admission and discharge of liquid to
and from said motor, said element exerting upon
said motqr a force tending to operate it in one di-
rection and cause it to discharge liquid through
said second port, a pump connected to both of said
poris, means for directing liquid from said pump
to sald ports selectively to cause said motor to
move said element in opposite directions selec-
tively, & vaive casing having & bore and an an-
rular valve seat communicating with said bore

» at one end thereof, a valve member arranged

within said bore and fAtted to said valve seat, &
plunger 8tfed In said bore and having its adja-
cent end connected to said valve member, fluid
channels connecting said velve seat and the part
of said bore adjacent said valve seat in series be-
tween said pump and said second port, a light
spring constanily urging said vslve member
egainst said seat to cause it to resist the discharge
of Jiguid through said seat and thereby cause the
force exeried by said element $0 create pressure
a2t sald second port, said valve member being
smaller in diameter than said plunger to provide
= shouder therebetween so that said valve mem-
ber is urged away from sald seat by pressure
created by said mump or by ssid element and
acting upon said valve member or upon said
shoulder, means including a valve for connecting
the opposite end of said bore to said second port
so that the opposite end of said plunger is sub-
jected to the pressure created by said element
and said plunger is caused to hold said valve
member drmiy against said seat to prevent liguid
from being ejected through said second port and
thereby enabling said motor to hoid said element
stationsry when said liquid directing mesans is
inoperative, said valve being adapted when
shifted to connect said opposite bore end 7o drain
to thereby prevent seid plunger irom urging said
valve member against said seat, and means re-
sponsive 4o said pump delivering ligquid to said
first port for shifting said valve to thereby permit
the Uguid discharged by said pump to snergize
said moior. '

5. In = machine having & vertically movable
ciement, the combination of & vertical cyiinder,
2 piston fitted in said cylinder and connected
10 said element, the weight of said element tend-
ing to move said piston downward and cause it
to eject liquid from the lower end of said c¢ylin-
der, & pump, means for directing liquid from
said pump to opposite ends of said cylinder se-
lectively to cause said piston io reciprocste said
clement,- & valve for preventing said piston from
ejecting liquid Trom the lower end of said ¢ylin-
der and thereby causing the weight of szid ele-
ment o create pressure in the lower part of
said cylinder, a piston operable by said pregsure
for holding said valve closed {o prevent Hquid
from being ejected from the lower part of said
cylinder and thereby enabling said piston to sup-
port said element in a stafionary position when
said lquid directing means is inoperative, and
means operable in response to sald pump deliv-
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ering liquid to the upper end of said cylinder for
exhausting the pressure from said piston.

6. In a machine having g vertically movable
element, the combination of a vertical cylinder,

a piston fitted in said cylinder and connected to

said element, the weight of said element tending
to- move said piston downward and cause it to
eject liquid from the lower end of said cylinder,
& pump, means for directing liquid from said
bump to opposite ends of said eylinder selectively
to cause said piston to reciprocate said element,

a low pressure resistance valve connected to the -

lower end of said cylinder to resist the discharge
of liquid therefrom and thereby cause the weight
of said element to create pressure in lower end
of said cylinder, a servo-motor for applying to
said valve a closing force proportional to said
pressure to hold said valve closed and thereby
enable said piston to support said element in a
stationary position when said -pump is inoper-
. ative, and means responsive to said pump de-
livering liquid to the upper end of said cylinder
for rendering said servo-motor ineffective to hold
said valve closed. : ]

7. In a machine having a vertically movable
element, the combination of a vertical cylinder, g
piston fitted in said cylinder and connected to
sald element, the weight of said element tending
to move said piston downward and cause it to
eject liquid from the lower end of said cylinder,
a pump, means for directing liquid from said
pump to opposite ends of said cylinder selectively
to cause said piston to reciprocate said element,
a spring loaded low pressure resistance valve
connected to the lower end of said cylinder to
resist the discharge of liquid therefrom and there-
by cause the weight of said element to create
pressure in lower end of said cylinder, means in-
cluding a pilot valve for causing sald pressure
to apply sufficlent additional loading to said re-
sistance valve to positively hold it closed against
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said pressure and thereby enable said piston to

support said element in a stationary position
when said liquid directing means is inoperative,
and means responsive to said pump delivering
liquid to the upper end of said cylinder for
shifting said pilot valve to remove sald additional
loading from said resistance valve,

8. In a hydraulic circuit including a motor, a’

pump for supplying liquid to said motor to ener-
gize the same, fluid channels connecting said
pump to said motor and forming therewith a
hydraulic circuit having a first side and a second
side, and means for reversing the flow in said
circuit, the combination of a resistance valve

connected into said first side of said circuit, a

cylinder, a piston arranged in said cylinder for
urging said valve to its closed position, means in-
cluding a pilot valve for connecting said cylinder
to said first side of said circuit to thereby subject
said piston to the pressure therein and cause it
to hold said resistance valve closed, and means
responsive to an increase in the pressure in the
second side of said eircuit for shifting said pilot
valve to exhaust the pressure from said piston.

9. In a machine having an element constantly
urged in one direction, a hydraulic motor con-
"nected to said element to operate the same in
opposite directions and having s first port and a
.second port, said element exerting upon said
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motor a force tending to cause it to discharge
liquid through said second port, a pump, fluid
channels connecting said pump to said ports to
form with said motor & hydraulic circuit, and
means for reversing the flow in said circuit, the
combination of a resistance valve connected be-
tween said second port and said pump to resist
the discharge of liquid from said motor and
thereby cause the force exerted by said element to
create pressure at said second port, hydraulic
means for holding said valve closed, means in-
cluding a pilot valve for connecting said hydraulic

-means to said second port, and means for operat-

ing said pilot, valve in response to reversal of
pressure in the opposite sides of said circuit.

10. In a hydraulic system for driving in opposite
directions a load which is constantly urged in one -
of said directions, the combination of & hydrautic
motor connected to said load and having a first
port and a second port interchangeable for the
admission and discharge of liquid to and from
said motor, said load exerting upon said motor a
force tending to operate it in a direction to cause
it to discharge liquid through said second port, a
bump, means for directing liquid from said pump
to said. ports selectively to cause said motor to
drive said load in opposite directions selectively,
a valve connected to said second port and adapted
when closed to prevent the discharge of liquid
therefrom and thereby cause said lodd to create

‘Dbressure at said second port, a piston operable by

said pressure to hold said valve closed to thereby
brevent said load from operating said motor, and
means operable in response to said pump deliver-
ing liquid to said first port for causing said piston
to fully open said valve. '

11 In & hydraulic system including a motor
having s first port &nd a second port and being
constantly urged in a direction to cause it to dis-
charge liquid through said second port, the com-
bination of & valve connected to said second port
and adapted when closed to prevent the discharge
of liquid therefrom and thereby cause pressure to
be created at said second port, a piston connected -

5 to said valve and urged by sald pressure in a

direction to hold said.valve closed, means for
directing liquid.under pressure to said first port,
and means operable by the pressure at said first
port for causing the pressure at said second port
to move said piston in a direction to open said
valve, )

12. In a machine having an element urged in
one direction by a substantially constant force,
the combination of a hydraulic motor connected
to said element and provided with interchange-
able inlet and discharge ports, a pump, means for
directing liquid from said pump- to said ports
alternately to cause said motor to move said ele-
ment in opposite directions alternately, a valve
adapted when effective to prevent the discharge
of liquid from one of said ports to thereby prevent
said element from being moved by said force, and
means responsive to the pressure at the other
port reaching a given value for enabling the pres-
Sure at said one port to render said valve ineffec-
tive to prevent the discharge of liquid from said

motor, .
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