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This invention relates to hydraulic drives of 
the type employed for operating a machine hav 
ing an element which is to 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. r 

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 force 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 liquid 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 object 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 luse 
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 circuit 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 
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draulic motor consisting of a stationary vertical 
cylinder f and a piston 2 which is fitted in cyl 
inder and connected by a 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 liq 

luid Supplied to the upper and lower ends of cyl 
inder through two channels 5 and 6 respec 
tively. The liquid may be supplied from a uni 
directional pump to opposite ends of cylinder f 
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. 
As shown, motor -2 is energized by liquid sup 

plied by a reversible pump 7 which delivers liq 
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 liq 
luid from a reservoir 0 through a check valve 

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 

. 

Walve casing 5 encloses a chamber 7 with 
which channel 5 communicates through a side 
Wall thereof. Chamber 7 contains a boss 8 
which is ordinarily formed integral with another 
side Wall of casing 5 and has formed therein a 
bore 9 in which valve member 6 is slidably fit 
ted. Boss 8 has an annular groove 20 formed 
therein around bore 9 and connected by chan 
nel 2 to a relief valve 22 which discharges into 
reservoir 0, and valve member 6 has a duct 
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23 extending inward from one end thereof and 
then radially outward into communication with 
an annular groove 24 which is formed in valve 
member 6 intermediate the ends thereof and 
adapted to register with groove 20 in boss 8. 

Bore 9 is arranged in axial alinement with 
two bores 25 and 26 which are arranged in the 
opposite ends of casing 5 and have the same 



diamete; as bore 9 so that waive Enember 6 
may be fitted in bore 89 and either of bores 
25 and 23 sizinutaneously. Bore 25 has channel 
3 connected thereto and bore 26 is connected by 
a chare 2 to channel $ inter ediate the ends 
thereo so that, when waive genber 6 is in 
the position shown in 3ig. 5, channel 5 Communis 
cates through chamber 8 g and channel 27 with 
changhe S and connaxacStion RetWee channels 
5 and 8 is blocked and, when waive anemier & 
is in the position shown in Sig. 2, channel 6 is 
connected to taxane: 3 through chezber 8 and 
channel 9 is connected through channel 2, dc, 
23, grooves 24 and 28 and channel 28 to relief 
valve 22, 
The weight of side {} and associated parts 

tends to Erove piston 2 downward and cause it to 
eject liquid £ion the owes end of cylinder a so 
that, if chariae 3 were connected directly to 
channel 9, the pressure created in the oWe part 
of cylisatie: G due to the V7eiga, Sapported by pise 
to 2 would cause liquid to eats through the 
puing aid hereby permis, pistol. 2 and slide é 
to nove of award slowly when the Enachiae 
was idle, it being understood that a small amount 
of internal leakage is air inherent character 
istic of a pinpS. 

If when the nachine is idle downward move meat of slide 3 were prevented by connecting 
a free retra resistance yaye eWeera the OR7e 
er end of cylinder and the intake of pump 
accoiding to the Sula actice, he entire yo 
ume of guid expelled for the lower part of 
cylindex Wyclic aye to e forced through the 
resistance vaiye which would cause a waste of 
power &ad a large ancu. As of heat to be gea 
erated a kihe (). 

in order to overcorne the above objectionable 
features, a hydraulically operated resistance valve 
3 is coastected betwee chaines 6 and 9 to 
prevent downward movement of piston 2 when 
tha inachine is idle and to permit, substantially 
free ilov of liquid when the machiae is in oper 
attic. 

irresistance waive 3 has been shown as includ 
ing a faive casing .32 having an axial bore 33 
formed therein and continuinicating at its upper 
end with an axial port: 35 having an annular 
valve seat 35 formed around the inner end 
Enereof. "Waive seat 35 ornally has a Valve 
member 36 in engagerient thereWith to co 
to cominunication between post, 33 and an are 
Salular port, 3 which is formed in the Wall of 
the bore 33 at the upper end thereof. Sorts 
3i and 3 have channels 9 &R G connected tkee 
te, respectively, so that waive menoer 36 con 
trols communication between channeis é and 3. 

7ave ineroe; 36 is coinected to Or foiled 
integral with a plunger 33 which is fitted in 
core 33 and urged upward by a light spring 35 
So that valve member 36 is normally held in Cons 
tact with valve seat 35 to block communication 
aetween channels 8 and 9. Walve member 36 is 
smaller in diameter the plunger 33 to provide 
thereoetween a shouldez (36) upon which liquid 
Inay act to anoye plunge 33 digwyvard 2nd therea 
by move valve member 36 away £ion valve seat 
35 to open communication between channels G 
and 9. 
The area of shoulder (38 and the tension of 

spring 3S are so propoxided iai, a very iCV7 
pressure, for instance 25: peg SA are inch, will 
exert sufficient force got a solide 3G to move 
plunger 38 downward and thereby nove valve 
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Since wien the machine is idle piston 2 wiä 

be urged downward by the weight of slide 3 and 
associated parts and since resistance valve 38 
prevents piston 2 from ejecting liquid from the 
lower end of cylinder 9, pressure will be created 
in the lower part of cylinder and this pressure 
Will act upon shoulder g and tend to move plung 
er 38 and valve member. 36 downward to opera 
resistance valve 38. 

However, the same pressure is applied to the 
lower end of plunger 38 and, since the effective 
pressure area, on the lower end of plunger 38 
is greater than the effective pressure area, at 
the upper end thereof due to the area, of valve 
anember 36 which is open to port 3á, the upway'd 
force exerted by the liquid exceeds the down 
wardiforce exerted thereby so that valve Inerne 
ber 36 is irrally kheld in contact with Valve seat 
35 when the nachine is ide. 
The application of pressure to the lower end 

of plunger 38 is under the control of a gilot 
valve 45 having three spaced apart heads or pisa 
tons (36, 32 and 33 formed thereon and closely 
fitted in the core (39 of a valve casing 5. cis 
ton 4 controls an annular groove or port, 5. 
which is formed in the wall of bore 39 Sidi Cons 
a lected by a channel 52 to the lower ends of oore 
33 in valve casing 32. That part of bore 39 be 
tween pistons (36 and 3 is open at aii irres &o 
the lowei end of cylinder as by being co 
nected by a channel 53 to port 37 in waive cas 
ing 32, and that part of bore 69 between gistoias 
(3 and $8 is connected to a drain channel 54. 

, the lower end of bore (39 is connected by a 
channel 55 to caesare 3 so that, when grip 
is adjusted to deliver liquid to the upper end 
of cylinde A &o move piston 2 downward, i.ic 
lid will enter the lower end of bore 39 and move 
valve 35 upward to the position shown in Fig. 4. 
Walve (35 is grged downward by a sping 56 ar 
ranged in the upper end of bore 39 but, in order 
that 3, light, Spring Rinay be employed aid to as 
sure the valve 85 wice positively moved down 
Ward at the proper point in a cycle of operatio, 
the upper end of bore 69 is ordinarily connected 
to charate 9 by a channel 5, so that, when puring 
2 is adjusted to delive liquid to the lower end of 
cylinder 8 to nove piston 2 prisrd, liquid ivili 
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member 36 out of contact, Yiti waive seat 35. 5 

ente, the 328 (end of ore 39 2nd Cove valve 
$5 dioWER7aid to the position shows in Fig. i. 
Whe gilio Yaive G5 is in the position show 

in Fig. piston $, overlaps port, S8 and cone 
municationa eWeen port 5 and channel 53 is 
provided by 2, plurality of Small tapered grooves 
38 which are iorated in a pistoga (3) to throttle tie 
ilow of Equid to the over end of core 33 and 
thereby prevent, plainger 38 from avancing waive 
amene 36 ato contact, Wii valve seat 35 witi, 
such force that data agg Eight, result. In order 
that 'esiste Race valve 8 nay ke Aickly opened, 
5, checs valve .59) is OK. Eaced; between chanies 
52 as ad 33 80 pers it igid to escape freely froza 
charine. 52 into cassage 63 out; 0, preven the 
ioW of litics ign. Gle opposite direction except 
through tie grooves 58. 

When he seves a 283's axe in the positions 
show/E in Sig. 3, 2Xad gap is idle of £, 2e2C 
stroke, the Weigh; of side 3 and associated parts 
via tead to glove pistoga 2 down Ward and cease 
it, &o eject; liquid rom the over part of cylinder 

use sping 39 Still hold waive genber 36 against 
waive seat 35 and grewera, the escape of liquid go 
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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, bone 49 in valve casing 50, grooves 
58 in piston 47, port 5 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 machine on a working stroke, 

pump 7 is adjusted to cause it to deliver liquid 
into channel 8. The liquid will shift differential 
valve member 6 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 5 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 49 
through channel 5 into channel 9 which is con 
nected to the intake side of pump 7. 

Raising pilot valve 45 connects port 5 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 plunger 
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 54. Downward movement of valve mem 
ber 36 opens communication between channels 
6 and 9 so that piston 2 may expel liquid from 
the lower end of cylinder f. 
The liquid discharged by pump 7 will then 

flow through channel 8, chamber f7 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 through 
channel 6 and resistance valve 3 into channel 9. 

Since the volume of liquid discharged from 
cylinder f is greater than the volume of liquid 
supplied to cylinder by pump 7, a part of the 
discharge liquid will flow through channel 9 to 
the intake of pump 7 and the remainder Will 
flow from channel 9 through channel 27, duct 
23, grooves 24 and 20, channel 2 and relief valve 
22 into reservoir 0. Relief valve 22 will resist 
the discharge of liquid therethrough and there 
by cause pressure to be created in channel 9 so 
that pump T 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 pressure in the upper end of cylin 
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3. 
der must exceed the pressure required to per 
form useful work by an amount equal to the back 
pressure, pump 7 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 it should be 
required to perform the useful work and the back 
pressure should be 300+, a pressure of 1300 it 
WOuld be required in the upper end of cylinder 
to move piston 2 on a working stroke but, since 
pump is supercharged by the back pressure, it 
WOuld Only have to raise the pressure from 300 if 
to 1300F or a difference of 1000 it 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 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 5-6 and relief Walve 
22 would be omitted in which case the apparatus 
would function in the above described manner 
to positively. hold the piston stationary 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 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. 6 is moved to the position shown in Fig. 1 
by pressure extending from channel 9 through 
channel 27, and pilot valve 45 is moved downward 
to the position shown in Fig. 1 by spring 56 or 
by pressure extending from channel 9 through 
channel 57 to the upper end of bore 49. 
The liquid delivered by pump 7 into channel 

9 will move resistance valve member 36 down 
Ward and then flow through ports 34 and 37 and 
channel 6 to the lower end of cylinder , 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 through channel 5, chamber 7 in dif 
ferential valve casing 5 and channel 27 into 
channel 9 where it augments the volume of liquid 
discharged by pump which at this time draws 
its supply of liquid through check valve from 
its reservoir f0. Pump thus need only to sup 
ply a volume of liquid equal to the displacement 
of piston rod 3 so that piston 2 is moved upward 
at high speed. 
When piston 2 reaches its upper limit, pump 
is stopped or the displacement thereof is re 

dueed 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 herein set forth is susceptible 



6. 
of various modifications and adaptations with 
out departing from the scope thereo as here 
after claimed. 

The invention is hereby claimed as collows: 
... In a machine having an element constantly 

urged in one direction, the combination of a hy 
draulic motor connected to said element and haW 
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 port, a pump connected to both of said 
ports, means for directing liquid from Said pump 
to said ports Selectively to cause said notor &O 
move said element in opposite directions Selec 
tively, a valve for preventing the discharge of 
liquid through said second port and thereby caus 
ing they force exerted by said element to create 
pressure in said motor, a piston operable by the 
pressure created by said element for holding said 
valve closed to prevent Said. Sotor fron discharg 
ing liquid through said second por, and thereby 
enabling Said motor to hold said element sta 
tionary when said pump is ineffective to energize 
said motor, and means operable is response to 
said pump delivering liquid to said irst port for 
exhausting the pressure from Said piston. 

2. In a machine having an element constantly 
urged in one direction, the combination of 2, 
hydraulic motor connected to said element, and 
having a first port and a second port interchange 
able for the admission and discharge of liquid 
to and from said notor, said eleinent exerting 
upon said notor a force texding to operate it is 
one direction and cause it to discharge liquid 
through said second port, a pulp Connected to 
both of said ports, means for directing liquid 
from said punp to said ports selectively to cause 
said notor 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 herefron and thereby cause 
the force exerted by said element to create pres 
sure a, said second port, a servo-Ihoto for apply 
ing to said valve a closing force proportional to 
said pressure to hold said valve closed and there 
by enable said inctor to hoid Said element station 
arly when said pump is ineffective to energize said 
motor, and means responsive to said pump de 
livering liquid to said first port for rendering 
said servo-gnotor ineffective to hold said valve 
closed. 

3. In a machine inaving an element constantly 
urged in one direction, the combination of a 
hydraulic Rotor connected to Said element and 
having a first port and a second port interchange 
able for the admission and discharge of liquid to 
and from said motor, said element exerting upon 
said notor a, force tending to Operate it in One 
direction and cause it to discharge liquid through 
said second port, a, pump connected to both of 
said ports, means for directing liquid from said 
pump to said ports selectively to cause Said notor 
to move said element in opposite directions Se 
lectively, a spring loaded low pressure resistancé 
Walve connected to said second port to resist the 
discharge of liquid therefron and thereby cause 
the force exerted by said element to create pres 
sure at said second port, neans including a pilot 
valve for causing said pressure to apply Sufficient 
additional loading to said resistance valve to posi 
tively hold it, closed against said pressure and 
thereby enable said notor to hold said element 

S 

5 

2. 

3. 

435 

5 

65 

3. 

5 

7. 

5 

2,345,959 
stationary when Said liquid directing Seas is 
in operative, and Enea as responsive to said gunp 
delivering liquid to said first port for shifting 
said pilo, Valve to renove said additional loading 
froza said resistance valve. 

4. E. E. Eachine saving an element constantly 
urged in one direction, the combination of 2. 
hydratic notor connected to said element and 
having a, first port and a second port interchange 
able for the admission and discharge of liquid to 
and from said notor, said element exerting tigO2 
said motor a force tending to operate it in one die 
rection and cause it to discharge liquid through 
said second port, a pump connected to both of said 
ports, areans for directing liquid from Said pring 
to said ports selectively to cause said notor to 
ESOWe said eeriaen, in opposite directions Selec 
tively, 8, Vive Casing having 8, bore and &n &n-e 
Saula yaye Sea, COREnUnicating With Said bore 
at one end hereoi, 3, Wave reiber arrage 
within said bore and fitted to said Valve seat, a 
plunger fitted in said bore and having its adja 
cent, end connected to Said Valve member, fluid 
channels connecting said waive seat and he part 
of said ore adjacent Said Walve seat in Series be 
Sree Said purp and Said Second port, a light, 
Sirag constantly urging Saidi Valve Ener beir 
against Sais seat to cause it to resist, the discharge 
of liquid through said seat and thereby cause the 
iforce exerted by said element to Create pressure 
at Said. Second port, said waive Eilee being 
smailer in diameter than said plunger to provide 
a shoulder herebetween so that said waive Ener 
er is arged away from Said seat by pressuire 

Created by Said guag. Or by Said element aid 
acting upon Said valve inenber of pon said 
shoulder, Eleans 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 
age:Cher firinity against Said Seat to prevent liquid 
fion eing ejected through said Second port and 
thereby enabling said notor to hoid said element 
stationary When said liquid directing ineans is 
inoperative, Saidi Waive being adapted. Whez. 
Saifted to coinect said opposite bore end to drain. 
to thereby prevent said plunger fron urging said 
Valve Kerber against Said Seat, and Eneans re 
Sognsive to Said pig delivering liquid to said 
3i's. Ost for shifting said valve to thereby perit 
the liguli discharged y Said pump to energize 
said Inotor, 

5, 2 8, Elachine having a, "Jerically inovaiole 
element, he combination of 8, vertical cylinder, 
a pisto fitted is said cylinder and connected 
to said eleinent, the Weight of Said element, end 
ing to Slove Said piston down Ward and cause it 
to eject liquid from the lower end of said cylins 
der, a gunp, Eleans for directing iiquid from 
Said pump to opposite ends of said cylindex se 
iectively to cause said pistos to reciprocate said 
eleneni, & Valve for preventing said piston fro 
ejecting tiquid from the lower end of said cylin 
dier aid thereby causing the weight of said ee 
Rent to create pressure in the lower part of 
said cylinder, a piston operable by said pressure 
for holding said valve closed to prevent icuid 
from being ejected from the lower part of said 
cylinder and thereby enabling said piston to sup. 
port Said element in a stationary position when 
Said liquid directing means is inoperative, and 
means operable in response to said pump siev. 
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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 a 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, 
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 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, 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, 
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 said pressure 
to apply sufficient additional loading to said re 
sistance valve to positively hold it closed against 
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 said 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 circuit 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 a 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 a 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 a hydraulic 
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 
pump, 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 load to create 
pressure at said second port, a piston operable by 
Said pressure to hold said valve closed to thereby 
prevent 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 a hydraulic system including a motor 
having a first port and 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 a 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 
to said valve and urged by said 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 
..to prevent the discharge of liquid from said 
notor, 
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