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This invention relates to hydraulic cylinders and par 
ticularly to overtravel or pressure relief means for such 
cylinders. 
An object of the present invention is to provide an 

hydraulic cylinder having improved pressure relief or 
overtravel means. 
The hydraulic cylinder and pressure relief means of 

the present invention is particularly useful with an hy 
draulic system having two or more hydraulic cylinders 
series-connected by fluid circuit lines wherein the inven 
tion functions effectively as an overtravel means between 
successive hydraulic cylinders. The fluid lines of such 
a circuit connecting the cylinders may be completely filled 
with fluid, so that displacement of fluid in the circuit 
causes movement of all the cylinders. When high pres 
sure actuating fluid is delivered to the first of the hy 
draulic cylinders in the circuit, the displacement of the 
piston therein forces fluid out of the cylinder barrel into 
the fluid line connecting the second cylinder. The dis 
placed fluid thus actuates the second cylinder, ejecting 
fluid also from this cylinder which is delivered to a third 
hydraulic cylinder and so on, causing all of the series 
connected cylinders to be actuated simultaneously. By 
so connecting the hydraulic cylinders in the fluid cir 
cuit, all of the cylinders can be operated from a single 
source of fluid pressure. However, it is possible in this 
circuit for the piston stroke of one of the hydraulic 
cylinders to be completed before the pistons in the other 
cylinders have been moved to their end stroke positions; 
for example, if the volume displacements of the series 
connected hydraulic cylinders are not equal, or in the 
event of fluid leakage. When this occurs, further supply 
of actuating fluid to and from such cylinder ceases, 
and further movement of the other partially-moved hy 
draulic cylinders is prevented. By utilizing the cylinder 
and overtravel means of the present invention, fluid may 
pass through the cylinders after they have completed 
their respective movements so that all of them can be 
operated through their full ranges of motion. 

Another object of the invention is to provide an hy 
draulic cylinder for use in such fluid circuits which has 
improved overtravel means adapted to permit passage 
of fluid through the cylinder for flushing the fluid circuit. 
One type of pressure relief device for hydraulic cyl 

inders responds to the fluid pressure when the pressure 
exceeds a predetermined value. This type of pressure 
relief means may be unsatisfactory where it is desired 
to permit the passage of fluid only at the end of the 
piston stroke or when operation of the pressure relief 
means is desired substantially without any increase in 
fluid pressure. 

Another object of the invention, therefore, is to pro 
vide an hydraulic cylinder having an improved mechani 
cally actuated pressure relief means operable only at 
fixed positions of the piston. 
A further object is to provide improved pressure relief 

means for hydraulic cylinders adapted to allow passage 
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of fluid through the cylinder with substantially little or 
no change in cylinder fluid pressure. 
A further object of the invention is to provide an hy 

draulic cylinder having pressure relief or overtravel means 
effective at both ends of the piston stroke in double 
acting hydraulic cylinders. 
A still further object of the invention is to provide, 

in an hydraulic cylinder, pressure relief or overtravel 
means adapted to permit fluid to pass through the cyl 
inder and at the same time maintain the position of the 
cylinder against the load applied thereto. 

Hydraulic circuits having series-connected hydraulic 
cylinders may be advantageously applied to adjustable 
Surgical operating tables. Such tables include several 
movable members, each of which may have associated 
therewith an hydraulic cylinder for adjusting the table 
members. When two or more of the cylinders are series 
connected in the fluid circuit, the associated table mem 
bers may be actuated simultaneously, and energized from 
a single source of pressure fluid thus increasing the over 
all efficiency of the table mechanism. The present in 
vention, though not limited to such use, is particularly 
adapted for incorporation in the series-connected cylin 
ders of such hydraulically operated Surgical tables. 

It is therefore an additional object of this invention 
to provide hydraulic cylinders particularly applicable to 
hydraulic Surgical operating tables for facilitating the 
simultaneous adjustment of movable parts thereof. 

Other objects and advantages of the present invention 
may be more fully understood by reference to the follow 
ing description of a preferred embodiment of the inven 
tion, and in the accompanying drawing, in which: 

Fig. 1 is a side view illustrating an hydraulic cylinder 
operatively mounted on a portion of a surgical operating 
table, 

Fig. 2 is a longitudinal section through the hydraulic 
cylinder shown in Fig. 1, 

Fig. 3 is a transverse sectional view taken along the 
line 3-3 of Fig. 2, 

Fig. 4 is a longitudinal sectional view along the line 
4-4 in Fig. 2, illustrating the piston member at the outer 
end of its stroke in the hydraulic cylinder, 

Fig. 5 is a longitudinal section along line 5-5 in Fig. 
4, and 

Fig. 6 is a longitudinal sectional view through an hy 
draulic cylinder illustrating a modification of the con 
struction in Figs. 1-5. 

In accordance with the invention, there is provided an 
hydraulic cylinder comprising a cylinder barrel, a piston 
slidably disposed therein and adapted to be reciprocated 
by alternate introduction of fluid at opposite ends of said 
cylinder barrel, and valve means contained in said piston 
operable by means associated with at least one end of 
said cylinder barrel for permitting the passage of fluid 
through said piston when the piston reaches a predeter 
mined position in its stroke at the corresponding end of 
the cylinder. In its preferred form, the hydraulic cylinder 
is double-acting, said valve means comprising double 
acting, ball check-valve means contained in a valve cavity 
in the cylinder piston, having valve seat openings in op 
posite faces of the piston against which the ball check 
valve means is alternately seated, and means engageable 
with the ball check-valve means at opposite ends of the 
piston stroke for unseating said check-valve means. 
There is housed in the connecting rod, in a chamber at 
the piston end thereof, a thrust pin axially movable 
therein for engagement with said ball check-valve means, 
said pin being adapted for such engagement at a fixed 
position of said piston. Openings from said chamber are 
provided by radial slot passages. 

Referring now to the drawings, an hydraulic cylinder 
10 is shown in Fig. 1 operatively connected to a swinging 
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member 1 hinged at 2. The member 15 may repre 
sent the leg-supporting member or section of a surgical 
operating table which is hinged to the seat section of the 
table, only the end of which is shown at 13. The surgical 
table may be one such as hereinbefore mentioned having 
an hydraulic circuit inciuding one or more hydraulic 
cylinders in series-connection with the cylinder 10 for 
simultaneous adjustment of said corresponding table 
members. The hydraulic cylinder E () comprises a cylin 
der barrel 4 and a piston rod 15, which is adapted to 
move in and out of said barrel. The hydraulic cylinder 
is provided at its head end with lugs 16 which are pin 
connected to a bracket 7 extending downwardly from 
the table seat section 13. The outer end of the piston rod 
assembly 5 carries an adjustable knuckle element 8 
which is hinged by means of a pin 19 to lugs 20 on the 
under side of the table leg section. Fluid fitting 21, in 
the head end of the cylinder barrel 14, receives a fluid 
line 22 and a fitting 23 at the rod end of the barrel on 
the rear side thereof, as seen in Fig. 1, receives a fluid 
line 24. The piston rod is adapted to be extended from 
the barrel 14 or withdrawn into it by delivering fluid at 
a relatively high pressure to one end of the barrel and 
discharging the displaced fluid at some lower pressure 
from the other end thereof. By alternatively delivering 
the fluid under pressure through one or the other of the 
fluid lines 22 or 24, the direction in which the cylinder 
is motivated may be controlled. In this manner the 
Swinging member, or leg section, 1 may be rotated to 
any desired position between the horizontally extended 
position shown, and a lowered position substantially rep 
resented in dotted lines, 
The cylinder barrel 14, shown in longitudinal section 

in Fig. 2, comprises a cylindrical portion 25 having a dis 
placement chamber 26 which is closed at the head end by 
a head-block 27 and at the rod end by a plug 28 which is 
retained in the open end of the cylindrical portion 25 by 
an expansion ring 29. A piston 39, carried at the inner 
end of piston rod 15, is slidable in the chamber 26 and 
is provided with fluid sealing neans cooperating with the 
bore of the barrel, comprising annular gaskets of circular 
croSS Section, or O-rings, 33 which are seated in an an 
nular groove 32 in the circumferential face of the piston. 
The end plug 28 carries O-ring sealing members 31 seated 
in recesses 33 and 34 which cooperate with the bore of 
the barrel 25 and the surface of piston rod 15, respec 
tively, to create a fluid-tight seal at the rod end of the 
cylinder. A flat disc 35 is heid against the outer face of 
the end plug 28 by the retaining ring behind which a 
Suitable material 36, such as felt, is held so as to be in 
frictional contact with the surface of piston rod 5. The 
felt material 36 provides a wiping device which effectively 
removes dust or other foreign material which may be de 
posited on the piston rod when it is in its extended 
position. 
The head-block 27 contains passages 37 and 38 con 

municating with fluid fitting 21 and terminating in an 
annular groove 35. A protrusion 48, formed thereon, 
extends inwardly of the barre into the displacement 
chamber 26 and is effective for actuation of the over travel 
means, as will be described hereinafter. She rod end 
fluid fitting 23 is shown in Fig. 4. This fitting is received 
in a block 4i mounted on the cylinder barrel in which 
passages 42 and 43 extend inwardly therethrough and 
through the wall of the cylindrical portion 25 to form a 
communication with the displacement chamber 26. 
A valve cavity 44 if formed in the piston head 30 

having a valve scat opening 35 terminating in the head 
end face of the piston and an opening 46 which opens 
through the rod end of the piston. The valve opening 
46 is in confronting relation to a drilling 47 in the end 
of piston rod 5 which is provided with radial slots 48 
that open out from the drilling 47 to the displacement 
chamber 26. Valve seat opening 45 is formed in a bush 
ing member 49 threadedly received in the head end of 
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the valve cavity and sealed therein by a compression 
gasket 58. Ball valve elements 51 and 52 are contained 
in the valve cavity wherein they are adapted to be seated 
against the valve seat openings 45 and 46, respectively. 
A spring 53 is interposed between the ball elements urging 
them oppositely toward their respective valve seat open 
ings. The spring 53 is a light compression spring which 
positions the ball elements with respect to the corre 
sponding valve seat openings, but is not adapted to retain 
the ball elements in seated position against fluid pressure 
exerted oppositely thereon. 
A thrust pin 54 is disposed in drilling 47 carrying a pin 

55 having transversely extending end portions which 
project through the radial slots 48. The pin 55 is adapted 
to be moved longitudinally in the slot openings 43 to 
cause axial displacement of the thrust pin. A collar por 
tion 56 on the rod-end face of the piston, wherein the 
piston rod 15 is received, has slots 57 that are in register 
with the slots 48 as best shown in Fig. 3. It will also 
be seen in this figure that thrust pin 54 is square in cross 
section affording thereby spaces 54 between the longi 
tudinal faces of the thrust pin and the bore of the drilling 
47 through which fluid may pass. The longitudinal edge 
corners of the pin are received substantially by the bore 
of drilling 47 wherein the thrust pin is guided and main 
tained in axial alignment with the valve seat opening 46. 

In the operation of the hydraulic cylinder, high pres 
sure fluid may be introduced, for example, at the rod 
end of the cylinder through the fitting 23. Such fluid 
acting against the ball element 52 may unseat this ball 
from the opening 46 against the force of spring 53. Ball 
element 55, however, is urged toward closed position 
against valve opening 45 and the fluid acting against the 
total exposed area of the piston forces the piston and 
piston rod toward the head end of the cylinder barrel, 
causing fluid to be forced out the chamber 26 through 
the fluid fitting 25. When the piston rod is at its fully 
retracted piston, the piston head is in a position corre 
sponding to that shown in dotted lines in Fig. 2. In this 
position, the protrusion 40 engages ball element 51, un 
seating this member from valve seat opening 45. Ball 
element 52 is also unseated by fluid pressure action there 
on and fluid is enabled to pass through radial slots 48, 
drilling 47, and valve cavity 44. Such fluid is discharged 
into annular groove 39 and thence through passages 37 
and 38 and fluid fitting 21. It will be seen that ball ele 
ment 51 is unseated mechanically at the head end position 
of the piston and that substantially no rise in fiuid pres 
sure is necessary to effect such opening of the overtravel 
valve means to allow passage of the fluid through the 
cylinder. 
While the fiuid is thus metered through the piston, 

a force sufficient to support the load applied to the 
hydraulic cylinder device is provided by a metering action 
inherent in the overtravel valve mechanism. This works 
as follows. 
When the valve ball 51 is first opened, a reduction 

in the effective differential pressure across the piston oc 
curs, as a result of which the piston may be moved by 
the load a very small distance in the opposite direction. 
In so doing, the ball element 51 moves toward seated 
position reducing the effective area of the valve opening 
45 and creating, as a result, a greater differential pres 
sure. The required load-supporting force is produced 
when a suitable throttling effect of the fluid being passed 
through the piston creates the necessary pressure dif 
ferential to balance the piston force against the load. 
When the flow of fluid is terminated, the piston head 
may recede a slight amount, whereupon the valve ball 
element 51 is seated firmly against valve opening 45, 
sustaining the position of the piston and piston rod. 
The overtravel mechanism operates in substantially the 

same manner when relatively high pressure fluid is in 
troduced through the fluid fitting 21, causing the piston to 
move toward the rod end of the cylinder and extending 
the piston rod to its maximum protracted position. The 
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piston head is shown at the extreme rod-end position in 
Figs. 4 and 5. As the piston rod is moved longitudinally 
out of the rod end of the cylinder, the projecting ends of 
the pin 55 engage the inner face of end plug 28. There 
after, the additional movement of the piston and piston 
rod causes the thrust pin 54 to be brought against the ball 
valve element 52. When the piston is at its extreme posi 
tion, the thrust pin is moved sufficiently to unseat the ball 
valve element against the force of spring 53 and the 
fluid pressure acting thereon, and permits the discharge 
of actuating fluid through the valve seat opening 46. 
Fluid flows thence into drilling 47 and into chamber 26 
through the radial siots 48 from where the fluid is dis 
charged by means of the fluid fitting 23. It will be noted 
that the slots 57, formed in the collar portion 56, are 
recessed inwardly from the end of the collar a greater 
distance than the diameter of the pin 55, thus prevent 
ing the blockage of slot passages 54 by the pin 55 and 
insuring an opening from driiling 47 and radial slots $8 
when the collar portion 56 is flush against the end plug 
28, as seen in Fig. 5. 
A regulating effect is also produced when the piston is 

moved to its rod-end position as was before described in 
connection with its head-end position whereby a differen 
tial pressure is created across the piston sufficient to Sup- - 
port the load applied to the cylinder. in this case, the 
axially movable thrust pin 54, together with the transverse 
pin 55, which bears against the inner face of the cylinder 
end plug, provide an interference for unseating bail ele 
ment 52 with relation to which the piston assumes a posi- i. 
tion corresponding to the required opening of the valve 
port 46. When the thrust pin is not in positive engage 
ment with the end plug 28, the ball valve element 52 is 
seated by the force of the valve spring and the fluid pres 
sure acting thereon. 
fluid ceases, the piston recedes slightly until the thrust 
pin is not in engagement with the end closure 28, and 
the ball element 52 is permitted to seat. 
A modified form of the hydraulic cylinder 9 is shown 

in Fig. 6. In this construction the piston 30' has a valve 
cavity 60 in which is disposed a single ball check element 
61. The ball element 63 is movable in the cavity 60 to 
ward opposing valve seat openings 62 and 63 in the head 
end face and rod-end face of the piston respectively. The 
piston rod assembly 15 is identical to that illustrated in 
Figs. 1-5 having drilling 47 in confronting relation to 
valve seat opening 63, and radial slots 48 opening there 
from into the piston displacement chamber 26. Thrust 
pin 54 is axially movable in the drilling 47 toward or 
away from valve seat opening 63. 
embodying only a single ball element, the ball 61 is seated 
against opening 62 when fluid is introduced at the rod end 
of the cylinder and is seated against valve seat opening 
63 when the fluid is introduced at the head end of the 
cylinder. The ball element is unseated by engagement of 
the protrusion 40, Fig. 2, when the piston is at the head 
end of the cylinder and by the thrust pin 54 when the 
piston is at the rod end, as hereinbefore described in con 
nection with the preferred embodiment. 

It will now be seen that the hydraulic cylinder de 
scribed, constituting a preferred embodiment of the in 
vention, and an alternate form thereof, is adapted to pro 
vide continuous passage af actuating fluid at either end of 
the piston stroke after the stroke is completed, and to 
maintain the position of the cylinder under the applied 
load. Hence, the apparatus has particular utility in fluid 
circuits including two or more such hydraulic devices con 
nected in series therein. 
The fluid utilized in connection with the invention is 

preferably an oil, such as the type conventionally used 
for actuation of hydraulic cylinders. 

Thus, when the flow of actuating : 

In this modification, ; 
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The invention is not limited to the specific embodi 

ments herein illustrated and described, but may be used 
in other ways without departure from its spirit as defined 
by the following claims. 
We claim: - 

1. An hydraulic cylinder comprising a cylinder barrel 
having fluid inlet and outlet openings at longitudinally 
spaced points therein, a piston slidable in said cylinder 
barrel between said fluid openings, a piston rod extending 
outwardly of said cylinder barrel, means receiving the 
inner end of said piston rod in one face of said piston 
forming a connection therewith, a valve cavity in said 
piston having valve seat openings centrally disposed in 
opposite faces of said piston, double-acting check-valve 
means in said cavity adapted to be seated by the cylinder 
fluid pressure against one of said valve seats in the direc 
tion of the fluid pressure acting thereon, an end bore 
in the inner end of said piston rod in confronting relation 
to one of said valve seat openings, a thrust pin guided by 
and axially movable in said bore having transversely ex 
tending portions, longitudinally elongated radial slots in 
said piston rod registering with said end bore, said trans 
verse portions projecting through said slots and adapted 
to be longitudinally displaced therein, a stop means en 
gagable with said transversely extending portions causing 
relative movement of said thrust pin and said check-valve 
means to unseat said valve means from said confronting 
valve seat at a fixed position of said piston, abutment 
means associated with said piston adapted to engage said 
stop means independently of said transverse portions of 
said thrust pin thereby limiting the movement of said 
piston and the relative displacement of said transverse 
portions in said radial slots, and interference means effec 
tive at a longitudinally spaced position of the piston to 
engage said check-valve means and unseat said valve 
means from the other valve seat. 

2. An hydraulic cylinder as set forth in claim 1, in 
which said thrust pin is of rectangular cross-section, at 
least two diagonally opposite edge-corners of which are 
received in said bore whereby said pin is guided axially, 
and fluid passages are provided in the space between said 
pin and said bore. 

3. An hydraulic cylinder as set forth in claim 1, in 
which said interference means comprises a protrusion ex 
tending inwardly from the terminal end of said cylinder 
barrel at the head end thereof. 

4. A hydraulic cylinder device as set forth in claim 1 
wherein said double-acting check-valve means comprises 
a pair of ball elements and spring means interposed be 
tween them, urging said elements toward the respective 
valve seat openings. 

5. A hydraulic cylinder device as set forth in claim 1 
wherein said double-acting check-valve means comprises 
a ball element adapted to be seated against either of said 
valve seat openings in the direction of the fluid pressure 
acting thereon. 
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