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said channels provides fluid connection between 
the outlet port 28 and the exhaust port, and the 
other of said channels provides fluid connection 
from the inlet port 23 to the outlet port 27 which 
connects through pipe 30 to the upper end of the 
cylinder. Rotation of the reversing valve 22 re 
verses the connection from the inlet port 23 SO 
that one of the channels then connects said 
inlet port to the outlet port 28 which connects 
through pipe 31 to the lower end of the cylinder, 
the other channel connecting the outlet port 27 
to the exhaust. Fluid under pressure is thus ad 
mitted to either end of the cylinder as deter 
mined by the position of the rotating reversing 
valve 22 and, since said valve may be actuated 
in response to movement of the carriage by any 
Suitable mechanism not shown, thereby alter 
nately to connect opposite ends of the cylinder 
to the fluid supply, a vertical reciprocatory move 
ment may be imparted to the carriage. 
In order that the movement of the slide in both 

directions of travel shall occur at substantially 
the same rate of speed, a valve mechanism is 
provided in the lower end of the cylinder. Wer 
tical channels 35 and 36 provided in the lower 
end of the cylinder intersect a horizontal chan 
nel 37, the end of which connects to the pipe 31. 
The vertical channel 35 is formed with a valve 
Seat 38 which is engaged by a downwardly clos 
ing valve 40, and a coil spring 41 which sur 
rounds the valve stem 42 for the valve 40, nor 
mally holds said valve downwardly against Said 
Seat, thereby to prevent exhaust of fluid from 
Said cylinder into the horizontal channel 37 and 
thence to the pipe 31, although admitting fluid 
readily from pipe 31 into said cylinder, the spring 
41 being only sufficiently heavy to maintain the 
valve in closed position. The vertical channel 
36 is formed with a valve seat 43 which receives 
an upwardly closing valve 44 and a coil spring 
45 which surrounds the valve stem 46 for said 
valve 44, engages the surface of the valve at one 
end and engages an adjustable plug 47 at the 
other end. The plug 47 is Screw threaded and 
engages in the lower end of the channel 36, said 
plug being provided with a vertical bore 48 which 
receives the depending end of the valve stem 46 
to maintain said valve in proper relation to said 
valve seat. Said plug is adjusted so that the 
pressure at which said valve is opened is equal 
to substantially twice the pressure necessary to 
Support the slide, that is, exhaust of fluid from 
beneath the piston is prevented until the pres 
Sure exerted on said fluid by the piston is equal 
to twice the weight of the slide. 
When the valve 17 is now rotated from the 

position shown to provide fluid connection from 
the pump 16 to the reversing valve 22, the latter 
being in the position shown, fluid is directed to 
the upper end of the cylinder, thereby urging 
the piston downwardly. Since the only escape 
for fluid from the lower end of the cylinder is 
past the valve 44 through the pipe 31, and the 
reversing valve 22 to the exhaust, the outlet 
through port 50 being closed as will hereinafter 
appear, the weight of the slide, in addition to 
the fluid pressure on the upper side of the piston 
depresses the valve 44 against the force of the 
spring 45, thereby permitting fluid to escape 
through the pipe 31 to the exhaust. Since the 
valve 44 opens at twice the pressure necessary 
to support the slide, it will be apparent that the 
necessary pressure on the upper side of the pis 
ton is substantially equal to the weight of the 
slide, and enough additional pressure to overcome 
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the friction and inertia of the parts of the car 
riage. When the reversing valve 22 is rotated 
to reverse the Slide movement, whereby the Slide 
is actuated upwardly, the valve 44 is closed by 
the Spring 45 and fluid under pressure from the 
fluid pump 16 is admitted through pipe 31 un 
derneath the valve 40 opening Said valve and 
admitting fluid under pressure to the lower end 
of the cylinder. The pressure exerted by the 
Spring 41 is light, being only sufficient to main 
tain the valve in closed position to prevent leak 
age of fluid past said valve when the slide is sta 
tionary, so that said valve opens readily in re 
Sponse to the fluid under pressure from said 
pump. The pressure necessary to raise the slide 
is substantially equal to the pressure necessary 
to counteract the weight of the slide, and enough 
additional pressure to overcome the friction and 
inertia of the parts, since the fluid from above 
said piston is allowed to exhaust freely. It will 
thus be apparent that the fluid pressure neces 
Sary to move the slide either upwardly or down 
wardly, is substantially the same so that said 
slide will be actuated in the upward direction at 
substantially the same speed that it obtains in 
the downward direction. 
The carriage is arranged to be brought to rest 

in any position of movement at which time fluid 
under pressure is constantly admitted to the un 
der side of the piston in order to maintain the 
slide in position, prevening downward movement 
of the slide due to leakage of fluid out of the 
cylinder. A pipe connection 51 is provided from 
the supply pipe 18 to a port 52 in a casing 53 
for a valve 54 and said valve is provided with 110 
intersecting channels 55, 56 and 57 which, in the 
position of said valve shown in Fig. 2, coincide 
respectively with the port 52 and ports 58 and 
60 provided in said casing. Port 58 is connected 
by the pipe 59 to the port 50 provided in the lower 115 
end of said cylinder, and port 60 is connected by 
a pipe 61 to an auxiliary relief valve 62, the 
latter being adjusted for a pressure substantially 
equal to the fuid pressure necessary to Support the 
weight of the slide. Fluid from the pump passes 120 
through said valve 54 into the lower end of the 
cylinder at the pressure determined by said re 
lief valve 62, thereby exerting a pressure on the 
under side of the piston Substantially equal to 
the weight of the slide to support said slide against 125 
downward movement, the pressure of the fluid 
from pump 16 being now under the control of 
relief valve 62. 
With the valves in the position shown in which 

the slide is at rest, being supported, as above de 
scribed, by fluid through valve 54 from the pump 
16, the valve 17 is closed preventing fluid con 
nection from said pump to the reversing valve. 
When it is desired to actuate the carriage verti 
cally, the valve 17 is rotated to admit fluid to 
the reversing valve. Since the valves 17 and 54 
are connected together by a link 63 which engages 
arms 64 and 65 on valves 17 and 54 respectively, 
the valve 54 is automatically closed when the 
valve 17 is opened to admit fluid to the reversing 140 
valve 22, thereby cutting off the connection from 
the lower end of the cylinder to the relief valve 
62. The valves 17 and 54 are shown as separate 
valves connected by the link 63 in the diagram 
matic showing of Fig. 2. In the usual construc 
tion, however, said valves 17 and 54 are formed in 
the same rotatable valve member spaced longi 
tudinally thereof, said valves then rotating as a 
unit without the necessity of the additional link 
age shown in the drawing. 
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A latch 66 is arranged to engage said slide in 

order to prevent the slide from dropping in case 
the fluid supply should fail or in case the pres 
sure of said fluid should drop below an amount 
sufficient to maintain the slide in position. The 
latch 66 is pivotally mounted on a pin 67 carried 
by the upstanding portion 4, the upper end of 
said latch being adapted to engage with a rack 
68 mounted on the slide, said rack having ratchet 
teeth 70 with which the upper end of Said latch 
engages. A spring 71 engages the upper end of 
said latch tending to urge Said latch into engage 
ment with the ratchet teeth and a horizontal 
pin 72 supports Said latch to maintain the upper 
end of said pawl in correct allinement with the 
ratchet teeth, the lower end of Said latch being 
bifurcated and straddling Said pin 72 so that 
the latch is held against movement parallel to 
the axis of said latch. The latch is normally held 
out of engagement with Said rack by a piston 73 
which is slidably received in a bore 74 in the up 
standing portion 4, the forward end of said piston 
being in engagement With the latch beneath the 
axis thereof. Fluid connection is provided from 
the fluid pump through a pipe 75 to the inner 
end of the bore 74 for Said piston. So that the fluid 
under pressure from the pump normally urges 
the piston forwardly or toward the left as shown 
in Fig. 2 to maintain the upper end of the latch 
out of engagement with the ratchet teeth 70. 
When the pressure of the fluid from the pump 
drops below an amount Sufficient to maintain 
the carriage in position or when the fluid supply 
fails entirely, the latch 66 is Swung under the 
influence of the Spring 7 to move said latch into 
engagement with the ratchet, thereby to support 
the slide against downward movement, the fluid 
pressure on the piston 73 having diminished so 
that the pressure of the spring 71 is greater than 
said fluid pressure. The hydraulic system is ar 
ranged to permit manual movement of the slide, 
as by means of the hand wheel 79 which is suit 
ably connected through gearing to the upstand 
ing portion 4, and to this end the valve 17 has a 
recess 76 which is connected to the exhaust in any 
Suitable manner, said recess coinciding with the 
port 26 in the casing 20 when the valve 17 is 
closed. When the slide is moved manually up 
ward, the valves being in the position shown, 
fluid from above the piston 12 exhausts through 
pipe 30 and channel 3 into pipe 25 and through 
the recess 76 to the exhaust. Manual movement 
of the slide downwardly forces fluid out through 
pipe 50 and channels 56 and 57 and through the 
relief valve 62. If the reversing valve is rotated 
into the opposite position in which the port 23 is 
connected to port 28 and port 27 is connected to 
port 32, fluid from above the piston exhausts 
through pipe 30 and one of the channels in the 
valve to the exhaust port 32 when the slide is 
moved manually upward. In the same position 
of the reversing valve, when the slide is actu 
ated downwardly, fuid is forced out in the man 
ner above set out, that is, through pipe 50 and 
channels 56 and 57 to the relief valve 62. 
From the above, it will be apparent that a ver 

tically movable slide, or a slide having a com 
ponent of movement in a vertical direction, is 
arranged for vertical reciprocation in response 
to fluid under a constant pressure at a uniform 
rate of Speed in either direction of movement. 
When the slide is brought to rest, fluid under pres 
Sure is constantly supplied to one side of the 
piston which actuates said slide in order to sup 
port the slide in fixed position regardless of any 
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leakage which may occur around the valves or 
piston. A mechanism is further provided by 
which the slide is supported in position in case 
of failure of the fluid supply or a Substantial 
drop in the pressure of said fluid, said mecha 
nism including a latch for engagement with a 
rack, said latch being normally held out of en 
gagement with said rack by a piston actuated by 
fluid under pressure. 

I claim, 
1. In a hydraulic system for actuating a ver 

tically movable carriage, a cylinder and a piston 
in Said cylinder, means connecting one of Said 
parts to said carriage, a fluid supply, valve means 
to admit fluid under pressure to one end of said 
cylinder at such a pressure that the force ex 
erted on the piston by said fluid is substantially 
equal to he weight of the carriage, thereby to 
Support said carriage against downward move 
ment, a reversing valve to admit fluid under pres 
Sure alternately to opposite ends of the cylinder 
and simultaneously to permit fluid from the other 
end of said cylinder to exhaust, and means to 
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Connect Said Supply selectively through said valve 
means or through said reversing valve to said 
cylinder whereby said carriage may remain in 
fixed position or may be reciprocated vertically. 

2. In a hydraulic system for actuating a ver 
tically movable carriage, a cylinder and a piston 
in Said cylinder, means connecting one of said 
parts to the carriage, means to admit fluid un 
der pressure alternately to the cylinder om op 
posite sides of the piston and to permit fluid in 
the cylinder at the other side of the piston to 
exhaust, whereby to procure a reciprocatory 
movement of said carriage, and means to pre 
went the fluid from exhausting from said cylin 
der as the carriage moves downwardly until the 
preSSure exerted on Said exhausting fluid by said 
piston is equal to Substantially twice the weight 
of the carriage, whereby the fluid pressure nec 
essary to actuate said carriage downwardly is 
Substantially equal to the pressure necessary to 
actuate Said carriage upwardly. 

3. In a hydraulic system for actuating a ver 
tically movable carriage, a cylinder and a piston 
in Said cylinder, means connecting one of said 
parts to the carriage, a fuid supply, valve means 
to admit fluid under pressure to one end of said 
cylinder at Sufficient pressure to support said car 
riage against downward movement, a reversing 
valve to admit fluid under pressure alternately 
to opposite ends of the cylinder and simultane 
ously to permit fiuid from the opposite end of 
Said cylinder to exhaust to procure a reciproca 
tory movement of Said carriage, means control 
ling the fluid exhausting from said cylinder as 
the carriage moves downwardly to prevent said 
fluid from exhausting until the pressure on said 
fluid is Substantially equal to twice the weight 
of the carriage, and means to connect said sup 
ply Selectively through said valve means or 
through said reversing valve to said cylinder. 

4. In a hydraulic System for actuating a ver 
tically movable carriage, a cylinder and a piston 
in said cylinder, means connecting one of said 
parts to Said carriage, a fluid supply, valve means 
to admit fluid under pressure to one end of said 
cylinder, a relief valve associated with said valve 
means to maintain the fluid through said valve 
at Sufficient pressure to support said carriage 
against downward movement, a reversing valve 
to admit fluid under pressure alternately to op 
posite ends of the cylinder and simultaneously to 
permit fluid from the other end of said cylinder 
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to exhaust, and means to connect said supply 
selectively through said valve means or through 
said reversing valve to said cylinder, whereby 
Said carriage may remain in fixed position or may 
be reciprocated vertically, the fluid connection 
from said cylinder to the relief valve being cut 
of when said supply is connected through said 
reversing valve to the cylinder. 

5. In a machine of the class described, a slide 
having a component of movement in a vertical 
direction, and means to actuate Said slide Com 
prising, a cylinder and a piston in Said cylinder, 
one of said parts being connected to Said slide, 
a fluid supply, a reversing valve to admit fluid 
under pressure from said Supply to Said cylin 
der alternately on opposite sides of the piston 
and simultaneously to permit fluid on the op 
posite side of Said piston to exhaust, and an 
exhaust valve to prevent the exhaust of fluid 
from one side of the piston until the pressure 
on said fluid is Substantially twice the weight 
of the side, the fluid in the other end of Said 
cylinder exhausting freely, whereby the slide is 
actuated at the Same rate Of travel in both di 
rections of movement in response to fluid from 
said supply under a constant pressure. 

6. In a machine of the class described, a side 
having a component of movement in a vertical 
direction, and means to actuate Said slide con 
prising, a cylinder and a piston in Said cylinder, 
one of said parts being connected to said slide, 
a fluid supply, a reversing valve to admit fluid 
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under pressure from said supply to said cylin 
der alternately on opposite sides of the piston 
and Simultaneously to permit fluid. On the Op 
posite side of said piston to exhaust, an exhaust 
valve to restrict the exhaust of fluid from one 
side of the piston until the preSSure on said fluid 
is substantially twice the weight of the slide, the 
fluid in the other end of Said cylinder exhaust 
ing freely, whereby the slide is actuated at the 
same rate of travel in both directions of nove 
ment in response to fluid from Said Supply un 
der a constant pressure, other Valve means con 
necting said fluid Supply to the cylinder at One 
side of the piston, a relief valve to maintain the 
pressure of the fluid through said other wave 
means at Such a pressure that the force exerted 
by Said fluid on said piston is substantially equal 
to the weight of the slide, whereby said slide is 
Supported against downward movement, and 
means to direct the flow of fluid from said sup 
ply Selectively through Said reversing valve or 
through said other valve to said cylinder, said 
relief valve being inoperative when the reversing 
valve is in operation. 

7. In a hydraulic system for actuating a ver 
tically movable carriage, a cylinder and a piston 
in Said cylinder, means connecting one of said 
parts to the carriage, a fluid supply, a reversing 
Valve to admit fluid under pressure alternately to 
the cylinder on opposite sides of the piston and 
to permit fluid in the cylinder at the other side 
of the piston to exhaust to procure a reciprocatory 
OVenent of Said carriage, means to cut of 

the supply of fluid through said reversing valve 
to bring said carriage to rest, and to admit fluid 
under pressure to One side of said piston at such 
a pressure that the force exerted by said fluid on 
the piston is Substantially equal to the weight 
of the carriage, whereby said carriage is supported 
against downward movement, and exhaust means 
associated with said last means to permit fluid 
from said cylinder on either side of the piston 
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to exhaust in response to manual movement of 
the carriage. - 

8. In a hydraulic system for actuating a ver 
tically movable carriage, a cylinder and a piston 
in Said cylinder, means connecting one of said 
parts to the carriage, a fuid supply, a reversing 
valve to admit fluid under pressure alternately 
to the cylinder on opposite sides of the piston 
and to permit fluid in the cylinder at the other 
side of the piston to exhaust to procure a re 
ciprocatory movement of said carriage, a control 
valve between said fluid supply and the reversing 
valve to cut off the supply of fluid to said re 
Versing valve to bring said carriage to rest and 
to admit fluid under pressure to one side of said 
piston at such a pressure that the force exerted 
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by said fluid on the piston is substantially equal 
to the weight of the carriage, whereby said car 
riage is Supported against downward movement, 
and exhaust means associated with said control 
valve to permit fluid from said cylinder on either 
side of the piston to exhaust in response to 
manual movement of the carriage without move 
ment of Said reversing valve. 

9. In a hydraulic system for actuating a ver 
tically movable carriage, a cylinder and a piston 
in said cylinder, means connecting one of said 
parts to Said carriage, a fluid supply, valve means 
to admit fluid under pressure to one end of said 
cylinder at a pressure sufficient to support the 
carriage against downward movement, a reversing 
valve to admit fluid under pressure alternately 
to opposite ends of the cylinder and simultane 
Ously to permit fluid from the other end of said 
cylinder to exhaust, a valve to prevent the ex 
haust of fluid from one side of the piston until 
the pressure on said fluid is Substantially twice 
the Weight of the slide, the fluid in the other end 
of Said cylinder exhausting freely, and means 
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to connect said supply selectively through said 115 
valve means or through said reversing valve to 
Said cylinder, whereby said carriage may remain 
in fixed position or may be reciprocated ver 
tically. 

10. In a grinding machine, a grinding mem 
ber and a work-supporting member, a vertically 
movable carriage on which one of said members 
is mounted, a cylinder and a piston in said cylin 
der, means connecting one of said parts to Said 
carriage, a fluid supply, valve means for admitting 
fluid under pressure to one end of said cylinder 
at Such a pressure that the force exerted on the 
piston is sufficient to support the carriage against 
downward movement, a reversing valve to admit 
fluid under pressure alternately at opposite ends 
of the cylinder and simultaneously to permit fluid 
from the other end of said cylinder to exhaust, 
and means for connecting said fluid supply selec 
tively through said valve means or through said 
reversing valve to said cylinder, whereby the 
grinding wheel and a workpiece in the Workhold 
ing member may be supported in fixed position 
relative to each other or may ba reciprocated 
vertically relative to each other. 

11. In a grinding machine, a grinding member 
and a Work-supporting member, a vertically 
movable carriage on which one of said members 
is mounted, a cylinder and a piston in said cylin 
der, means connecting one of said parts to said 
Carriage, a fluid Supply, valve means for admit 
ting fiuid under pressure to one end of said cylin 
der at Such a pressure that the force exerted 
on the piston is sufficient to support the carriage 
against downward movement, a reversing valve 
to admit fluid under pressure alternately at op 
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1,962,459 
posite ends of the cylinder and simultaneously 
to permit fluid from the other end of said cylin 
der to exhaust, a valve to prevent the fluid from 
exhausting from said cylinder as the carriage 
moves downwardly until the pressure on said fluid 
is greater than the exhaust pressure at the op 
posite end of said cylinder by an amount sub 
stantially equal to twice the weight of the car 
riage, and means for connecting said supply se 

5 
lectively through said valve means or through 
said reversing valve to said cylinder, whereby 
the grinding member may be supported in fixed 
relation to a workpiece in the work-Supporting 
member, or may be reciprocated vertically rela 
tive to the workpiece with the reciprocatory 
movement occurring at the same rate in both 
directions. 

HARRY E. OSUND. 
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