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UNITED STATES PATENT OFFICE 
CONTROL MECHANISM FOR HYDRAULIC 

APPARATUS 

Victor V. Blasutta, Columbus, and Wendel E. 
Renick, Grove City, Ohio, ... assignors to The 
Denison Engineering Company, Columbus, 
Ohio, a corporation of Ohio. 
Application April 15, 1948, Serial No. 21,166. 

This invention relates generally to hydraulic 
apparatus and is particularly directed to control 
valve mechanism and hydraulic circuits for hy 
draulic motors particularly of the reciprocating 
piston type. 
One of the objects of the invention is to pro 

vide a control "valve mechanism " which “may be 
employed in a hydraulic circuit to govern the 
operation of a hydraulic motor whereby the 
movable element of the motor, such as a piston 
of a piston and cylinder type motor, may be 
caused to move rapidly during a portion of the 
working stroke of the motor and thereafter de 
velop a predetermined tonnage, the movable 
member operating at a slower rate during the 
exertion of the predetermined force. 

Another object of the invention resides in 
providing a control valve mechanism for a hy 
draulic press which valve mechanism will permit 
the connection of both ends of the power cyl 
inder with the source of supply of fluid pressure 
-during a portion of the power stroke of the press 
ram and then automatically-interrupt communi 
cation between one end of the power cylinder and 
the source of fluid pressure to cause the ram to 
develop a desired force during the remainder 
of the stroke. 
A further object of the invention is to modify 

a control valve of the types shown in the co 
pending application of Cecil E. Adams, Serial 
No. 589,163, filed April 19, 1945, now Patent 
2,491355, dated Becember 13, 1949, to secure 
'rapid movement of a press ram during its ap 
proach toward the Workin a press operation and 
automatically change over to slow speed and in 
creased force after the work has been engaged 
by the ram. 
A further object of the invention is to provide 

a control valve mechanism having a casing and 
a pair of movable elements, which elements are 
movable relative to the casing and to one an 
other to alternately direct fluid from a source of 
pressure to opposite rends of a power cylinder to 
effect the reciprocation of a piston therein, 
certain of the elements being so constructed and 
cooperating with the other elements that one end 
"of the power cylirader will be connected with the 
fluid pressure source during a portion of the time 
the other end of the power cylinder is connected 
thereto, the decrease in fluid pressure in the first 
mentioned end due to the-engagement of the ram 
with the work and the consequent reduction in 
the rate-of-travel thereof, causing an adjustment 
of the valve parts to connect the said one end of 
the power cylinder to exhaust whereby the full 
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7 Claims. (Cl. 121-38). . . 
supply of fluid pressure from the source will be 
'directed to the other-end of the-power eylinder 
to cause the exertion of the naaximum force by 
the ram. . " " 
A still further object of the invention is to 

provide a four-way valve having a casing with a 
chamber, a sleeve valve disposed for reciproca 
tion in the chamber, the sleeve valve having 
ports registering with recesses in the valve body, 
a spool valve-mounted for movement in the sleeve 
Valve to control communication between sets-of 
ports in the latter and a valve stem carried by 
the casing and cooperating with a passage in the 
spool valve to interrupt communication between 
eertain ports in the sleeve valve and easing, the 
spool valve being aormally urged toward one 
position and responsive to fluid pressure to move 
in opposition to the urging means to another 
position, a decrease in the fluid-pressure permit 
ting the spool valve to move to a third position 
wherein the passage in the spool valve will not 
ibe affected by the valve stem carried by the valve 
casing. ; : 
A still further object of the invention is to 

provide a valve of the type set forth in the pre 
eeding paragraph whereira the valve-stem earried 
by the casing is eliminated and a reduced diam 
eter orifice. Substituted therefor, the..- valve 
mechanism operating in substantially the same 
?3II.E. 
Another object of the invention is to provide 

a control valve mechanism having a casing with 
a bore for the reception of a sleeve valve, the 
casing having a plurality. . of recesses spaced 
longitudinally of the bore, the sleeve-valve having 
longitudinally spaced sets- of ports for registra 
tion with the recesses in the casing, the sleeve 
valve receiving a spool valve which is normally 
turged towards-one position ito. connect certain of 
the ports in the sleeve valve and responsive to 
fluid pressure-to-move in opposition to the urging 
means to another position to connect other ports 
in the sleeve. Valve, the sp001 valve in turn re 
: ceiving a slidable valve celement which is also 
urged to a position to interrupt communication 
between certain ports in the first spool valve, 
the slidable valve element also being responsive 
to-fluid pressure to move to a position to estab 
lish communication between ports in the spool 
valve, a reduction in the fluid pressure permitting 
the last mentioned valve-element to return to 
the position in which communication between 
the ports in the spool valve is interrupted. . . . 

Further objects and advantages of the presen 
invention will be apparent from the following 
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description, reference being had to the accom 
panying drawings wherein a preferred form of 
embodiment of the invention is clearly shown. 
In the drawings 
Fig. 1 is a diagrammatic view of a control valve 

formed in accordance with the invention with 
parts shown in section to illustrate the control 
Valve mechanism and the power cylinder, the 
Operation of which is governed by the control 
valve mechanism, the parts of the valve being 
shown in the positions occupied during the re 
traction of the ram of the power cylinder. 

Figs. 1-A, 1-B and 1-C are similar views show 
ing the control valve mechanism in different 
stages of operation, Fig. 1-A showing the valve 
parts positioned to initiate an operation of the 
ram; Fig. 1-B shows the parts in position to 
CauSe a rapid advance of the ram; Fig. 1-C 
shows the valve parts in the positions occupied 
when the ram is exerting its maximum force 
while advancing. - 

Fig. 2 is a detail vertical sectional view taken 
through the control valve mechanism on the 
plane indicated by line II-II of Fig. 1. 

Fig. 3 is a similar view taken through a modi 
fied form of the control valve mechanism, and 

Fig. 4 is also a similar view taken through a 
Still further modified form of the control valve 
mechanism. - ? 

Referring more particularly to the drawings, 
the numeral 20 designates the completed hy 
draulic circuit. This circuit includes a source of 
fluid pressure having a reservoir 2, a motor driv 
en pump 22 and a relief valve 23, the latter being 
of any suitable type for limiting the maximum 
pressure to be generated in the hydraulic sys 
tem. An exhaust line 24 leads from the relief 
valve 23 to the reservoir 2 to carry fluid by 
passed by the relief valve when the pressure in 
the system reaches a predetermined maximum 
-value. ... . . 

Line 25 extends from the relief valve to the 
valve mechanism 26 forming the subject matter 
of the present invention. A pair of lines 27 and 
28 lead from the control valve mechanism 26 
to the upper and lower ends of a power cylin 
der 30. This power cylinder has a piston 3 
disposed therein for reciprocation, a ram 32 pro 
jecting from the piston through the lower end 
of the power cylinder. 
The valve mechanism 26 includes a casing 33 

in which a longitudinally extending bore 34 is 
formed, the casing having annular grooves 35 to 
4, inclusive, formed therein and spaced longi 
tudinally of the bore 34. The casing has a 
second bore 43 disposed in parallel relationship 
to the first bore, the casing having annular re 
cesses 44 to 47, inclusive, formed therein and 
spaced longitudinally of the second bore. Re 
cesses 38 and 45 are connected at adjoining por 
tions as are recesses 40 and 46, and, 4 and 47. 
As illustrated in Fig. 1, recess 39 is directly con 
nected with the source of fluid pressure by the 
line 25, while lines 27 and 28 directly connect 
the upper and lower ends of the power cylinder 
with the top and bottom cylinder ports or reces 
ses 40 and 37, respectively. Recess 47 is con 

...nected by a line 48 with the reservoir 2. The 
bore 34 is formed for the reception of a sleeve 
valve 50, in which longitudinally spaced sets of 
laterally directed ports 5 to 58, inclusive, are 
formed, certain of these sets of ports being dis 
posed in registration with certain of the grooves 
or recesses in the casing. 

- The sleeve valve 50 is closed at its upper end 
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4. 
by a cap 59, which is secured to the sleeve valve 
by machine screws 60. The sleeve valve in the 
first form of the invention illustrated, receives 
a shuttle valve spool 6, which has upper and 
lower land portions 62 and 63 defining a groove 
64, which establishes communication between 
certain ports in the sleeve valve in different 
positions of movement of the spool 6f therein. 
Normally the valve spool 6 occupies the posi 
tion shown in Fig. 1, which is at the lower end 
of the chamber in the sleeve valve 50, being 
yieldably urged towards this position by a coil 
Spring 65 disposed in a socket 66 formed in the 
upper end of the valve spool and a mating socket 
formed internally of the cap 59. When the spool 
valve occupies the position shown, the groove 
64, establishes communication between ports 56 
which are then in communication with the fluid 
pressure source and ports 54, which register with 
the groove 37, the latter being connected as 
above-mentioned with the lower end of the power 
cylinder by line 28. At this time fluid pressure 
from the source may flow to the lower end of 
the power cylinder to urge the piston 3 in an 
upward direction. Fluid discharged from the 
upper end of the power cylinder during the up 
ward movement of the piston will flow through 
line 27 to recess 40 from which it will flow 
through ports 5 to the interior of the sleeve 
valve at the upper end thereof. This fluid will 
flow outwardly through ports 58 to recess 4 
from which it will flow by way of recess 47 and 
line 48 to reservoir 2. 
When the piston approaches the upper end of 

the power cylinder, an arm 67 secured to ram 32 
Will engage a collar 68 fixed on a shipper rod 70 
which depends from the lower end of the sleeve 
valve 50. When the collar 68 is engaged by the 
arm, it will move the shipper rod and the sleeve 
valve 50 in an upward direction in opposition to 
Spring ill, which is disposed between a washer 
12 in recess 35 and a collar 73 surrounding 
shipper rod 70 in the lower end of the recess 35. 
The ram will continue to move in an upward di 
rection until, as shown in Fig. 1-A, portS 54 are 
moved out of registration with recess 37. At this 
time fluid flow to the lower end of the power 
cylinder Will be discontinued and the ram will 
Stop moving. 
When the sleeve valve is moved upwardly, as 

mentioned above, until communication between 
portS 54 and groove 37 is interrupted, communi 
cation will be established between ports 55 and 
receSS 38 also as shown in Fig. 1-A. At this time 
valve 75 Will be in the position shown in Fig. 1 
and fluid admitted to the interior of the sleeve 
valve through the ports 56 will flow outwardly 
through ports 55 to recess 38, from which it will 
flow to recess 45. This fluid will flow upwardly 
in bore 43, refer to Fig. 1, to recess 46 from which 
it will flow through connecting recess 40, ports 
57, the interior of the sleeve valve 50 and ports 
58 to recess 4. . The fluid will be discharged from 
this recess through recess 47 and line 48 to 
reservoir 2. The pump 22 will then operate 
under a minimum load. 
When it is desired to initiate a pressing stroke 

of the ram 32, a control handle 74 is operated 
to move a spool 75 disposed for adjustment in 
bore 43 to a position, see Fig. 1-A, to interrupt 
communication between grooves 45 and 46 and 
establish communication between grooves 45 and 
44. This operation is made possible by providing 
Spool 75 with Spaced land portions 76 and 
11, which define a groove 78 in the exterior 
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of the spool. 75. When grooves .44 and 45 
are în communication fluid flowing from the 
power source through line 25, recess 39, ports: 56 
and 55 to recess. 38 will be directed through 
grooves 45,78 and 44 to a hole 80, which connects 
groove. 44 with groove 36. The fluid thus intro 
duced to groove 36 will flow through ports 51 to 
the interior of the sleeve Yalve:50-beneath shuttle 
valve 61. - - - 
The pressure of this fuid will move the shuttle 

valve 6 upwardly in opposition to the spring 65 
to a position, see Figs. 1-A, 1-B and 1-C, wherein 
the groove 64 in the shuttle valve will establish 
communication between ports. 56 and 5. Ehe 
source of fluid pressure will then be directly con 
nected with the upper end of the power cylinder 
and fluid from the pump will flow into the cylins 
der above piston 3. This fluid will case the 
piston to move in a downward direction, exhaust 
ing fluid from the lower end of the power cylin 
der through line 28 to groove 31. At this time 
ports 53, see Fig. 1-A, in sleeve valve 50 will be 
in registration with the groove 37 and fluid will 
flow to the interior of the sheeve valve 50 through 
these ports and to an annular groove 8 formed 9: 
in land 63 of Shuttle valve spool 6. . . . . 
Groove 8 is connected with the interior of 

the shuttle Valve-spool by ports 825 and the fiulid 
will flow through these ports to a spacesurround 
ing a reduced projection 83 formed on a plug 84, 
which is pinned in the center bore of the shuttle 
valve spool. Immediately above the pro 
jection 83, the center bore of the shuttle 
Valve. Sp00l receives for sliding movement, a 
Valve element 85 which has a headed lower end 
86 and a reduced extension 87 projected up 
Wardly therefrom this reduced extension being 
slidably received in sa bushing 88 which is 
pressed into the center; bore of the spool 6. A 
coil Spring 90 surrounds the reduced portion 87, 
the ends of this spring : engaging the bushing 88 
and the head 86. Normally this spring maintains 
the element 85 in its lowermost position, as illus 
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trated in Figs. 1 and 1-A, wherein, the head 86 
engages the projection 83. When, however, fluid 
is discharged from the lower end of the power 
cylinder and this fluid is introduced into the 
interior of the shuttle valve through ports 82, a 
pressure will be generated which will move the 
element.85 against the opposition of the spring 
90 until communication is established between 
the space surrounding extension 83 and the cen 
tral bores formed in the plug. 84, the valve ele 
ment 85 and the spool 6. Since during the 
initial portion of the stroke of the fram 32 only 
a minimum of opposition to movement is en 
countered, the ram and piston will move rapidly 
'discharging a rather large volume of fluid 
through line 28. The flow of this large volume to 
exhaust is resisted by the reduced passages and 
openings formed in the valve element 85 and cap 
59 causing an increase in the back pressure until 
valve element 85 is moved to a position, see Fig. 
1-B, establishing communication between ports 
9 and 82. At this time fluid discharged from 
the lower end of the power cylinder will combine 
with the fluid supplied from the pressure source 
and will flow to the upper end of the power 
cylinder. The back pressure is transmitted 
through the center opening in plug 84 to the 
fluid in the sleeve beneath the shuttle valve 
spool, this pressure operating to retain the 
shuttle valve in its elevated position wherein the 
source of fluid pressure is connected with the 
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waive spool will be held ... elevated by the back 
pressure even though the valve spool 75 is ree 
turned to the normal position, see Fig. 1-B, by 
its springs 92 and 93, thus 'discontinuing the 
flow of fluid pressure from the source to the 
space beneath the shuttle valve. . ??????????????????????????? 
When the back pressure on the fluid exhausted 

through line 28 moves valve. element, 85. to a 
position establishing : communication between 
ports 9 f and 82, the fluid being exhausted 
through line. 28. Will combine with the fluid from 
the pressure source, as mentioned above, and 
flow to the upper end of the power cylinder. 
The effective area of the piston 3 Will thus be 
reduced to the area of the ram 32, the full pump 
volume being effective Over this reduced area 
to 'cause movement, of the Iram. Initial move 
ment of the piston will cause the arm 67 to move 
from the collar 68, permitting spring 7 to move 
the shipper rod 0 and sleeve valve 50 down 
Ward, until the end of the sleeve valve engages 
the Washer 2, as shown in Figs. 1-B and: 1-C. 
At this time ports 54 will register with groove 

3 and fluid discharged from the power cylinder 
will then flow through ports 54. Therapid move 
ment of the piston 3 Will continue until the ram 
meets an obstruction which will offer sufficient 
resistance to the force exerted by the rams with 
the reduced effective area to reduce the speed 
of ram motion. This reduction in rate of moa. 
tion of the ram will reduce the volumes of fluid 
being exhausted through line 28, which in:ttin 
Will reduce the pressure in the bore in the shut 
tle valve beneath the valve element 85 and in the 
sleeve valve beneath the shuttle spool. 6d. Spring 
90 will thus be permitted to move valve element 
85 toward a position, see Fig. 1-C, to interrupt 
communication between ports 82 and 9 and the 
shuttle valve spool will be moved by spring 65 
to a position wherein the upper end of the shut 
tle valve will be spaced from cap 59. After: the 
element 85 has moved the distance necessary to 
interrupt communication between ports 82s and 
9 the full pump volume will be available over 
the entire upper surface of the piston 3 render- . 
ing this surface effective to cause movement of 
the ram. With the increased effective area of 
the ram a greater force will be exerted Which 
will cause the ram movement to continue: until 
the ram meets an obstruction which Will offer 
sufficient resistance to movement of the piston 
3, as to cause the relief valve 23 to vent the en 
tire pump Volume to the tank or reservoir 2. 
At this time the ram will be exerting the tonnage 
for which the relief valve. had previously been 
adjusted. : ". . . 

When the relief valve spills fluid to reservoir 
21, ram 32 will cease to move: and exhaust flow 
of fluid through line 28, Will also cease. The 
fluid beneath the shuttle valve, "will be dissipated 
through the center openings in the plug 84, Valve 
element 85 and shuttle valve 6, permitting 
spring 65 to move the shuttle valve back to its 
lowermost position, as shown in. Fig. 1, wherein 
groove 64 establishes communication between the 
source of fluid pressure and the line leading, to 
the lower end of the power cylinder. At this 
time, the ram will move in an upward-direction, 
discharging fluid from the upper end of the 
power cylinder, through line 27 as previously de 
scribed. The final stage of the return moye. 
ment of the ram will cause the upward movement 
of the shipper rod 70 and sleeve valve 50, also 
as previously described, until fluid flow to line 

upper end of the power cylinder. The shuttle 75 28 is discontinued, the fluid from the pressure 
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Source then being directed through ports 55 to 
grooves 38 and 45 from which the fluid will be 
exhausted to the reservoir as outlined previously. 

... If continuous operation of the ram is desired 
the valve spool 75, may be retained in a position 
to establish communication between grooves 44 
and 45, so that when fluid is supplied to groove 
45 after the upward movement of sleeve valve 50 
a subsequent ram operation Will be initiated au 
tomatically. 
In the form of the invention illustrated in 

Fig. 3, the valve mechanism is substantially the 
same as that shown in Figures 1 and 2, except 
the shuttle valve spool to does not contain the 
valve element 85, nor, the plug 84, neither, is the 
shuttle valve CO provided with the ports 9. 

In the form of invention shown in Fig. 3, the 
valve body 35A is provided with a passage iO, 
which extends from the botton cylinder port 
O2, to the groove 39A which communicates with 

the line 25 leading from the fluid pressure source. 
Passage. Of contains a spring pressed check 
valve 03 which comprises a valve seat 4, a 
ball valve O5 and a spring 06, the check Valve 
03 serving to prevent fluid flow from the groove 

39A to the bottom cylinder port 92, but permit 
ting flow in the opposite direction. 

Fig. 3 illustrates the parts of Wave mechanism 
in the positions which they will occupy during 
the portion of the pressing stroke of the 'am 
immediately following the initial movement of 
the ram, that is, after the ram has noved a dis 
tance sufficient to permit the Spring 7 to move 
sleeve valve 50 downward until the lower end 
has engaged the washer 72. As the ran moves 
in a downward direction fluid will be discharged 
from the power cylinder to the bottom cylinder 
port. O2, a portion of this fluid flowing through 
passage 07 to groove 37. Some of this fluid will 
be permitted to flow through ports 54 to a trans 
verse passage 08 formed in the shuttle valve 
and outwardly therefrom through a longitudinal 
passage to provided in the shuttle valve. The 
flow of this fluid, will be resisted by an orifice 
if, formed in a plug 2, which is threaded into 
an opening provided in the cap 59A for the sleeve 
valve 50. Due to the resistance to flow offered 
by the orifice f, a back pressure will be created 
on the exhaust fluid which back pressure will be 
transmitted through an opening in the lower end 
of the shuttle valve to the space in the sleeve 
valve. 50, beneath this shuttle Valve. The re 
action of this fluid pressure will tend to retain 
the shuttle waive in its elevated position. Where 
in the upper end of the shuttle valve is disposed 
in Sealing engagement with the underside of the 
cap 59A. The back pressure on the exhaust fluid 
will also be applied to the ball Valve 5 moving 
the same in opposition to the spring 06 to an 
open position wherein the exhaust fluid will 
combine with the fluid supplied from the pres 
sure source and will flow through passage 3 
to the top cylinder port 4 from which it will 
flow through line 27 to the upper end of the power 
cylinder. Passage 3 contains an orifice ele 
ment i f5, which insures a Sufficient pressure on 
the operating fluid as to make the valve mecha 
nism operate satisfactorily. The mechanism 
shown in the modified form has the same effect 
on the operation of the ram as the mechanism 
shown in the first form of the invention de 
scribed, that is, when exhaust fluid flows through 
passage of and combines with the fluid pres 
sure supply the effective area of the piston in 
the power cylinder will be reduced to the area. 
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8 
of the ram, the entire pump volume being ex 
erted on the reduced area to cause a rapid move 
ment of the ram. Due to the reduction in the 
effective area the resultant force of the ram will 
be reduced and consequently when the ran en 
gages an obstruction which offers sufficient 
resistance, the rate of movement of the ram will 
decline. Because of this reduction in the rate of 
movement, the back pressure on the exhaust fluid 
Will be reduced permitting the shuttle valve 
Spring to start to move the shuttle valve toward 
a lower position. When this movement occurs 
the upper end of the shuttle valve will move 
away from the under surface of the cap 59A, 
permitting the exhaust fluid to by-pass the 
Orifice , , which will further reduce the back 
pressure. After the back pressure falls sufficient 
ly spring 06 will return ball valve O5 to its seat 
causing the exhaust fluid to cease flowing 
through passage O, whereby, the effective area 
of the piston Will be increased to the full di 
ameter thereof. The full pump volume will then 
be exerted. Over the full area of the piston, caus 
ing the force : exerted by the ram to increase, 
Which will permit the ram to continue to move, 
although at a reduced rate. The flow of ex 
haust fluid Will be Sufficient to maintain the back. 
preSSure necessary to hold the shuttle Wave in 
a partially elevated position to continue the 
communication between the fluid pressure source 
and the line leading to the upper end of the 
power cylinder. The shuttle valve. will be held 
in this position until the resistance to move 
ment of the ran reaches a magnitude Sufficient 
to cause the relief valve to spill the pump volume 
to the reservoir 2, at which time the ram will 
stop, permitting the exhaust foW to cease also, 
The cessation of exhaust flow will cause the dis 
sipation of the back pressure and permit the 
shuttle valve to move to its lower position where 
in the source of fluid pressure will be connected 
with the lower end of the power cylinder. The 
ram Will then be moved in its return stroke pre 
paratory to starting a subsequent cycle of oper 
ation. . . 

In the form of the invention illustrated in Fig. 
4, the mechanism is substantially the same as 
that illustrated in Fig. 3, except that the passage 

, has been Onitted and an exterior fuid con 
ducting line. 6, substituted therefor. This line 
contains a check valve 7 corresponding in 
function to the check valve 03. The same shut 
tle valve foo is employed but the plug 2 with 
the orifice has been eliminated, the function 
of these elements being performed by a valve 
stem 8, which is adjustably carried by the cap 

9 for the casing 20 of the valve mechanism. 
Walve stem 8 projects downwardly through an 
opening 2 formed in cap.59B for spool 50, the 

60 

75 

lower end of the valve stem registering with the 
central longitudinal passage ff0 of shuttle valve 
spool OO. . 
When this shuttle valve spool is elevated 

through the introduction of fluid pressure to the 
space beneath the same, the valve stem will re 
strict the fluid flow through the passage 
causing a back pressure to be generated on the 
exhaust fluid which back pressure will be trans 
mitted to the space beneath the shuttle valve 
spool to hold the spool elevated. 
This back pressure Will also be applied through 

the conduit 6 to the check valve and will 
move this valve to an open position wherein the 
exhaust fluid from the power cylinder will com 
bine with the fluid from the pressure source and 
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in said chamber, said valve elements being oper 
able in a first relative position of movement to 
connect the inlet and forward-motor ports and 
the reverse motor and exhaust ports, and to re 
verse such connections in a second relative ?? 
sition of movement; an exhaust passage pro 
vided in one of said elements, said passage con 
necting said reverse motor port with said ex 
haust port in the first position of movement of 
said elements; a flow-resisting valve member at 
east partially obstructing Said exhaust passage 
When said elements are in said first position of 
movement to limit Such flow and create a back 
pressure; a valved passage extending between 
said reverse motor and said inlet port, the valve 
in Said passage being responsive to such back 
pressure to permit fluid flow only in the direc 
tion from said reverse motor port to said inlet 
port; resilient means normally urging said Valve 
elements toward said second relative position, 
initial movement of said valve elements from 
Said first toward said Second relative position 
serving to relieve the obstruction caused by said 
flow-resisting Valve member to increase the ex 
haust flow through said exhaust passage and de 
crease the back pressure whereby flow from said 
reverse motor port through said valved passage 
to said inlet port will be discontinued. 

5. Control valve mechanism for a reversible 
fluid motor comprising a casing having a cham 
ber and inlet, forward-and-reverse-motor, and 
exhaust ports communicating With Said cham 
ber; valve elements in Said chamber, Said elle 
ments being movable relative to one another and 
said casing to alternately connect said inlet and 
exhaust ports with said forward and reverse 
motor ports to cause forward and reverse opera 
tion of said motor, one of said valve elements be 
ing responsive to fluid pressure to establish com 
munication between said inlet and forward motor 
ports and between said outlet and reverse motor 
ports; a passage extending between said reverse 
motor port and said inlet port; flow resisting 
means between Said reverSe notor port and Said 
exhaust port, said resisting means causing a back 
pressure; and yieldably closed valve means in said 
passage to prevent fluid flow from said inlet to 
said reverse motor port, said back pressure Serving 
to retain said pressure responsive valve element in 
position to connect said inlet and forward motor 
port and to open said yieldably closed valve to 
establish communication between said reverse 
notor and inlet ports while the latter is con 
nected with said forward motor port. 

6. Control valve mechanism for a reversible 
fluid notor comprising a casing having a cham 
ber and inlet, forward and reverse motor and 
exhaust ports; primary valve elements disposed 
in said chamber for movement relative to one 
another and said casing alternately connect said 
inlet and exhaust ports with said motor ports to 
cause forward and reverse operation of Said 
motor, one of said primary valve elements being 
responsive to fluid pressure to establish com 
munication between said inlet and forward motor 
port and between said exhaust and reverse motor 
ports; a passage extending between said reverse 
motor port and said inlet port; a secondary valve 
element in said passage; Spring means yieldably 
urging said secondary valve element toward a 
passage closing position; flow resisting means be 
tween said reverse motor and exhaust ports, said 
resisting means causing a back pressure, said 
fluid pressure responsive primary valve element 
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12 
and said secondary valve element being exposed 
to the back pressure to retain the former in po 
sition to establish communication between said 
reverse motor and exhaust ports and to open the 
latter to connect Said reverse motor port with 
said inlet during connection thereof with Said 
forward motor port; and spring means for urging 
said fluid pressure responsive primary valve ele 
ment toward a position to interrupt the con 
munication between said forward motor port and 
said inlet, the Spring for said secondary Valve 
element Serving to move Said Secondary Wave to 
close Said passage before the other Spring moves 
the primary valve element to a position to inter 
rupt fillid flow between said inlet and the for 
Ward Inotor port. - 

7. Control valve mechanism for a reversible 
fluid motor comprising a casing having a cham 
be and inlet, forward and reverse notor and 
exhaust ports; a ported sleeve valve disposed for 
movement in Said chamber; a ported shuttle 
Valve disposed for movement in Said sleeve valve 
to establish communication between certain sets 
Of ports in Said sleeve Valve; a third valve element 
disposed for movement in said shuttle valve to 
Control communication between the ports in Said 
shuttle valve; Spring means tending to yieldably 
retain said valves in predetermined positions 
wherein Said inlet port is connected with said 
reverse motor port and said exhaust port is con 
nected with said forward motor port, means for 
nonentarily directing fluid pressure against said 
shuttle Valve to move the same to a Second posi 
tion to connect the inlet port with Said forward 
notor port and said reverse notor port With Said 
exhaust port; and flow resisting means between 
Said reverse motor and exhaust ports and opera 
tive when Said shuttle valve is in said second po 
sition to resist fluid flow from said reverse motor 
port to exhaust to create a back pressure, such 
back pressure being applied to said shuttle valve 
to retain the same in Said Second position, said 
back pressure also being applied to said third 
Valve to move the same to a position to establish 
Communication between ports in Said shuttle 
Valve to connect Said reverse motor port and said 
inlet while the latter is connected with said for 
Ward motor port, the Spring for and the size of 
said third valve being so related to the Spring for 
and size of said shuttle that a predetermined 
diminution of Such back pressure Will cause the 
closing of Said third valve prior to the complete 
movement of said shuttle valve out of said last 
mentioned position. 

VICTOR. V. BLASTUTT'ITA. 
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