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This invention relates to apparatus for actuating a 
punch or the like and a stripper therefor. 
One principal object of the invention is to provide an 

improved hydraulic cylinder for actuating a punch-type 
tool and a stripper or pressure plate therefor, together 
with an improved hydraulic circuit for controlling the 
cylinder. It will be understood that the term "punch" 
is intended to include rivet heading tools and the like, 
as well as hole punches. 
A further object is to provide apparatus for hydraulical 

ly advancing and retracting a tool and a pressure mem 
ber therefor in a definite predetermined sequence of 
operations. 

It is another object of the invention to provide an 
improved punch and stripper actuating cylinder which is 
simple, rugged, and inexpensive in construction, while 
being highly effective and dependable in operation. 
A further object is to provide a cylinder of the fore 

going character, together with an automatic hydraulic 
circuit for carrying out a predetermined sequence of 
punching and stripping operations. 

Further objects and advantages of the invention will 
appear from the following description, taken with the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic partly sectional elevational 
view of a punch and stripper actuating apparatus consti 
tuting an illustrative embodiment of the invention; 

Fig. 2 is an elevational sectional view taken longitudi 
nally through a hydraulic cylinder and a sequence valve 
embodied in the apparatus of Fig. 1; 

Fig. 3 is a cross-sectional view taken through the cylin 
der along a line 3–3 in Fig. 2; and 

Fig. 4 is an elevational view of the rod end of the 
cylinder shown in Figs, 1 and 2. 

Fig. 5 is a fragmentary, diagrammatic sectional view 
of a modified embodiment. 

If the drawings are considered in greater detail, it will 
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Fig. 1, the stripper 14 is operated by a first piston 24 mov 
able in the cylinder 10, the illustrated piston being hollow 
or annular in form. However, the hollow piston 24 may 
be employed to operate a punch or other tool, as will be 
explained in connection with Fig. 5. A cylinder bore 26 
is provided in a casing 28 for slidably receiving the hollow 
piston 24. An external cylindrical surface 30 is formed 
on the piston 24 for sliding engagement with the cylinder 
bore 26. Sealing rings 32 are disposed in grooves 34 
formed in the surface 30. A hollow piston rod 36 ex 
tends from one end of the piston 24 and is slidably re 
ceived in a piston rod bore 38 formed in the casing 28. 
The piston rod 36 is sealed by annular packing rings 40 
which are compressed by a packing gland 42 mounted on 
the rod end of the casing 28. 

in the enbodiment of Fig. 1, the punch 2 is operated 
by a second pistom 44 which is arranged coaxially rela 
tive to the stripper actuating piston 24. However, as will 
be explained in connection with Fig. 5, the second piston 
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be seen that they illustrate a hydraulic cylinder 10 adapted 
to actuate a punch 12, or some other tool such as a rivet 
heading tool, for example. The cylinder 10 is also adapt 
ed to actuate a stripper or pressure plate 14. The illus 
trated tool 12 is a punch adapted to form holes in a 
workpiece 16. The punch 12 acts in opposition to a die 
18 having a bore 20 for receiving the punchings from the 
workpiece 16. It will be seen that the die 18 is mounted 
in a fixed abutment 22. Those skilled in the art will 
understand that the stripper or pressure plate 14 is 
adapted to clamp the workpiece 6 against the abutment 
22 while the punch 12 is being advanced through the 
workpiece 6. When the punch 12 is being retracted, the 
stripper 14 is adapted to maintain pressure against the 
workpiece 16 so as to strip the workpiece from the punch. 
Finally, the stripper 14 is adapted to be retracted to re 
lease the workpiece and permit the insertion of a new 
workpiece. 
The hydraulic cylinder 10 is constructed in a novel and 

advantageous manner to accomplish the general sequence 
of operations outlined above. In the embodiment of 

60 

may be employed to operate the stripper instead of the 
tool. A piston rod 46 extends axially from the second 
piston 44 and is slidably received in an internal axial bore 
48 formed in the hollow stripper actuating piston rod 36. 
The rod 46 is sealed by a ring 50 mounted in a groove 52 
which is formed at the outer end of the bore 48. The 
second actuating piston 44 is slidably received in a bore 
54 formed axially in a cylinder member 56. In this 
instance, the cylinder member 56 is formed integrally 
with a head 58 which closes the outer cylinder bore 26 
and is secured to the casing 28. Sealing rings 60 are 
disposed in grooves 62 formed in the piston 44. It will 
be seen that the cylinder member 56 is provided with a 
cylindrical outer surface 64 which is slidably received 
within a cylinder bore 66 formed in the hollow piston 24. 
Sealing rings 68 are disposed in grooves 70 formed along 
the external Surface 66. Stops 72 are formed on the 
head of the piston 44 to maintain spacing between the 
piston and the head member 53. 

Fluid ports 74 and 75 are provided to carry fluid to 
and from the head ends of the outer and inner cylinder 
bores 26 and 54. A cylinder port 76 communicates with 
the rod end of the outer cylinder bore 26. Communica 
tion is established between the rod ends of the outer and 
inner cylinder bores 26 and 54 by means of one or more 
ports 78 extending through the rod end of the outer hol 
low piston 24. 

It will be observed that the forward or outer end of 
the piston rod 46 is adapted to be connected to the punch 
12 or other tool and, to this end, is formed with a diamet 
rical aperture 80 for receiving a pin 82 which will retain 
the punch on the piston rod. Tapped holes 84 are 
formed in the face of the hollow piston rod 36 to receive 
cap screws 86 or the like, which will secure the stripper 
i4 to the hollow piston rod. 
When the workpiece 16 is in place against the abut 

ment 22 and is ready to be punched, the stripper 14 and 
stripper piston 24 are advanced by applying hydraulic 
pressure to the port 74. The stripper 14 is advanced by 
the resulting fluid pressure on the head end of the piston 
24. At the same time, the port 76 is vented to the tank 
dr Sump so that hydraulic fluid will pass freely out of the 
Tod end of the cylinder bore 26. After the stripper 14 
has clamped the workpiece 6 against the abutment 22, 
the punch 12 and punch piston 44 are advanced by ap 
plying fluid pressure to the port 75. The fluid pressure 
thus supplied to the head end of the piston 44 is usually 
considerably greater than that applied to the head end 
of the stripper piston 24. The punch E2 is thereby forced 
through the work 16. As the piston 44 advances, hy 
draulic fluid in the rod end of the inner cylinder bore 54 
escapes freely through the port 78 in the outer piston 
24, and thence into the port 76. 
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After the punching operation has been completed, the 
punch 12 and punch piston 44 are retracted by applying 
fluid pressure to the port 76, while relieving the fluid 
pressure at the port 75. The fluid under pressure is trans 
mitted to the rod end of the punch piston 44 through the 
ports 78 in the stripper piston 24 and the punch piston 
is thereby retracted. To prevent immediate retraction of 
the stripper piston 24, fluid pressure is maintained at the 
port 74 communicating with the head end of the stripper 
piston. This preferably is accomplished by the provision 
of a sequence valve 38 (Figs. 1 and 2). As illustrated, 
the sequence valve 88 includes an outlet port 90 and an 
inlet port 92. A pipe 94 is employed to connect the out 
let port 90 to the port 74. To provide for free flow of 
hydraulic fluid from the inlet port 92 to the outlet port 
90, the sequence valve 88 is equipped with a check valve 
95. More specifically, a passage 96 extends between the 
outlet and inlet ports 90 and 92 and is formed with a re 
duced portion 98 adjacent the inlet port so as to define a 
shoulder 100 facing toward the outlet port 90. 
A ball 102 or other movable valve element is disposed 

in the passage 96 and is adapted to seat on the shoulder 
100 over the reduced passage or port 98. A light spring 
104 is provided to bias the ball 102 onto its seat. it 
will be understood that the ball 102 prevents reverse flow 
of hydraulic fluid through the passage 96 and thereby traps 
hydraulic fluid in the head end of the cylinder bore 26. 

After the piston 44 has been retracted and the die 12 
has been withdrawn from the work 16, pressure is allowed 
to build up in the port 76. As a result, corresponding hy 
draulic pressure is built up in the head end of the cylinder 
bore 26. To provide for return of the stripper piston 24 
at a predetermined pressure, the sequence valve 88 is 
equipped with a spring loaded pressure relief valve 106 
arranged in a passage 108 extending between the outlet 
and inlet ports 90 and 92. As shown, a reduced portion 
or port 110 is formed in the passage 108 adjacent the out 
let port 90 so as to define a shoulder 112 facing toward 
the inlet port 92. A ball 114 or other valve member is 
movable into engagement with the shoulder 112 so as to 
close the port 110. The ball 114 is normally held over 
the port 110 by means of a loading spring 116 acting be 
tween the ball and an adjustable screw threaded abutment 
118, whereby the force exerted by the spring may be ad 
justed. In this way, the pressure at which the valve 106 
opens may be varied. When the pressure in the head end 
of the stripper cylinder 26 builds up to a predetermined 
value, the relief valve 106 opens and permits flow of hy 
draulic fluid to the tank through the port 92. As a re 
sult, the stripper 14 and the stripper piston 24 are re 
turned. - . . . 

In the exemplary apparatus of Fig. 1, the flow of hy 
draulic fluid under pressure to the cylinder 10 is con 
trolled by a pressure generator 120, which may be of the 
general type disclosed and claimed in United States Pat 
ents Nos. 2, 163,627, 2,308,712, 2,348,439, and 2,612,756, 
assigned to the same assignee as the present application. 
Briefly the illustrated pressure generator 120 comprises a 
pump í22 operated by a motor 124. The pump may be 
capable of developing a hydraulic pressure on the order 
of 1000 pounds per square inch (p.s. i.). An outlet pipe 
i.26 is connected between the pump and a passage 128 
formed in the valve body 130. The passage 126 leads to 
a reversing valve 132 adapted to control the advance and 
retraction of the stripper and punch pistons 24 and 44. 
It will be seen that the reversing valve 132 comprises a 
valve spool 134 adapted to direct hydraulic fluid from the 
passage 128 into either of two passages 136 and 138, the 
other of these two passages being connected through the 
valve 132 and passages 140 to the tank. A pipe 142 is 
connected between the passage 136 and the inlet port 92 
of the sequence valve 88, while a pipe 144 extends between 
the passage 138 and the cylinder port 76. Accordingly, 
the pipes 142 and 144 are adapted to carry fluid to and 
from the head and rod ends of the stripper cylinder 
bore 26. L S Sqqq SSS L AAS LLLSS S S SLSqqqSq 
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4. 
A solenoid 146 is provided to start the operation of 

the generator 120. When actuated, the solenoid 146 
swings a lever 148 clockwise. The lever 148 is pivoted at 
an intermediate point on a rod 150 biased downwardly by 
a spring 152. A spring biased latch 154 is provided to 
retain the rod 150 against upward movement. The lever 
148 has a pivotal operating connection to a rod 156 con 
nected to the spool 134 of the reversing valve. Thus, ac 
tuation of the solenoid and resulting clockwise movement 
of the lever 148 lowers the rod 156 and the valve spool 
i34 so as to direct hydraulic fluid under pressure to the 
passage 136. The downward movement of the valve op 
erating rod 156 compresses a spring 158 acting between 
the rod 156 and the upper face of a movable abutment 
160 which is secured to a rod 162. A rocker 164 has its 
ends pivoted to the rods 156 and 162 and has its lower 
edge Supported on a pivot 166 intermediate the rods. 
Thus, when the rod 156 is pushed downwardly, the rod 
162 is raised a corresponding amount, with the result 
that the abutment 160 compresses a spring 168. A spring 
biased latch 170 is provided to retain the rod 162 in its 
raised position. , 
To supply hydraulic fluid under high pressure to the 

punch cylinder 54, the generator 120 is provided with an 
intensifier 172, which is illustrated as comprising a plung 
er 174 movable through a plunger bore 176 into a plunger 
chamber 178. A piston 180, slidable in a cylinder 182, is 
connected to the lower end of the plunger 174. It will 
be seen that a passage 183 extends between the passage 
136 and a port 184 communicating with an intermediate 
point along the plunger bore 176. A pipe 186 is con 
nected between the upper end of the plunger chamber 175 
and the punch cylinder port 75. Thus, hydraulic fluid 
passes under pressure from the passage 136 through the 
plunger chamber 178 to the punch cylinder 54. The 
pressure thus derived directly from the pump 122 is suf 
ficient to advance the punch against the work but not to 
complete the punching operation. 
To bring the intensifier 172 into play after the stripper 

and punch pistons 24 and 44 have been fully advanced, 
the generator 129 is provided with an intensifier control 
valve 188, which includes a valve spool 90 having an 
axial bore 192 connected at its upper end to a radial pas 
sage 94. The lower end of the bore 192 is closed by a 
stationary pin 196 slidably received in the bore. Hydrau 
lic fluid is supplied to the radial passage 94 through a 
port 198 connected to the passage 136. A pipe 200 is 
connected between the lower end of the piston cylinder 
182 and a port 202, which normally is in communication 
through a groove 204 in the valve spool 190 with a port 
206 leading to the tank. It will be recognized that fluid 
pressure in the axial bore 192 tends to raise the valve 
spool 190 and thereby place the port 202 in communica 
tion, through the groove 294, with a port 208 connected 
to the passage 136. Such raising movement of the valve 
spool 190 will supply hydraulic fluid from the pump 122 
to the lower end of the piston cylinder 182 and thus raise 
the piston 180 and the plunger 74. It will be under 
stood that the pressure applied to the piston i89 is mul 
tiplied or intensified in the plunger chamber 178. In 
this way, a pressure on the order of 5000 p.s. i. may be 
obtained in the punch cylinder 54 with a pump pressure 
of 1000 p.s. i. 
The operation of the intensifier actuating valve 88 is 

retarded, however, until the pump pressure has risen to 
a value sufficient to insure initial advancement of the 
stripper 14 and the punch 12. To this end, a retarding 
plunger 219 is connected to the upper end of the valve 
spool 99 and is slidably disposed in a chamber 212. 
A spring loaded relief valve 224 is provided to trap hy 
draulic fluid in the chamber 22 until the plunger 210 
exerts a predetermined pressure. This pressure will be 
achieved when the pump pressure, acting on the valve 
spool. 190, has reached a level sufficient to seat the stripper 
14 and the punch 12 against the work i6. Then the 
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relief valve 214 opens and allows hydraulic fluid to pass 
from the chamber into a pipe 215 leading to the passage 
138 which at this stage is connected to the tank through 
the reversing valve 132. With the escape of fluid from 
the chamber 212, the plunger 210 and the valve spool 190 
are permitted to rise and to establish communication be 
tween the passage 136 and the lower end of the intensifier 
piston cylinder 182. 

After the pressure in the punch cylinder 54 has risen 
to a predetermined value sufficient to accomplish the 
punching operation, the generator 120 reverses the flow 
of hydraulic fluid to the stripper and punch cylinders 24 
and 54. To this end, the pressure in the intensifier 
plunger chamber 78 is transmitted through a pipe 216 
to the lower end of a plunger 218 which is biased down 
wardly by a spring 220. Formed on the plunger 218 is 
a cam 222 which is effective to unlatch the latch 154 
when the intensifier pressure reaches a predetermined 
value. Accordingly, the rod 150 is released for upward 
movement under the force of th spring 58, which acts : 
on the rod 50 through the lever 148. The valve operat 
ing rod 56 moves upwardly with the rod 150 and is effec 
tive to raise the valve spool 134 so as to direct hydraulic 
fluid from the pump 122 through the passage 138. At 
the same time, the passage 136 is connected to the tank. 
Accordingly, the intensifier valve spool 190 descends to its 
normal position to re-establish communication between 
the lower end of the intensifier cylinder 182 and the tank. 
As a result, the head end of the punch cylinder 54 is 
vented to the tank through the plunger chamber 178 and 
the reversing valve 132. Hydraulic fluid under pressure 
passes through the passages 138 and 44 to the rod end 
of the stripper cylinder 24. As already explained, hy 
draulic pressure is transmitted through the ports 78 to 
the rod end of the punch cylinder 54, with the result that 
the pinch piston 44 is retracted. The sequence valve 88 
retains hydraulic fluid in the head end of the stripper 
cylinder 26 until the punch piston 44 has been retracted. 
Then the hydraulic pressure builds up in the head end of 
the cylinder 26 until the relief valve 106 opens, where 
upcin the stripper piston 24 is retracted. 
As the pump pressure builds up in the passage 138, 

fluid is forced into the retarder chamber 212 through a 
check valve 224. At the same time, the rising pressure 
in the passage 138 is transmitted through a passage 226 
to the lower end of a plunger 223. A regulating valve 
238 may be disposed in the passage 226. When the pres 
sure on the lower end of the plunger 228 reaches a pre 
determined value sufficient to insure retraction of the 
stripper piston 24, the plunger 228 rises against the bias 
ing action of a spring 232. As a result, a cann 234, 
formed on the plunger 228, unlatches the latch 170 and 
thereby releases the rod 62 for downward movement. 
The rocker 64 thereupon raises the valve spool 34 to 
its neutral position so as to bypass the pump outlet 26 to 
the tank and terminate the cycle of the generator 120. 
The downward movement of the rod. 162 permits the 
spring 152 to move the rod 159 downwardly and relatch 
the latch 54. It will be seen that a pressure relief or 
safety valve 236 is connected to the pump outlet 126 as 
an added safety feature. - 
While the operation of the apparatus will be clear from 

the foregoing, it may be helpful to offer a brief résumé. 
With the work 6 in place in front of the punch abutment 
22, the cycle of operations is initiated by energizing the 
solenoid 146. This shifts the reversing valve spool 34 
downwardly and directs hydraulic fluid from the pump 
22 to the passage 136. Initially, hydraulic fluid flows 
from the passage 36 through the pipe 142 and sequence 
valve 88 to the head end of the stripper cylinder 26. As 
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After the pistons 24 and 44 have been fully advanced 
against the work 16, the pump pressure builds up in the 
passage 136 until the pressure is sufficient to raise the 
valve spool 190 of the intensifier valve 188. As the 
valve spool 90 is raised, the plunger 210 forces hydraulic 
fluid out of the retarder chamber 212 through the relief 
valve 214. With the valve spool 190 raised, hydraulic 
fluid passes from the pump into the lower end of the 
intensifier piston cylinder 182 so as to raise the piston 
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180. The pressure on the piston 180 is multiplied in 
the plunger chamber 178 to a value sufficient to push the 
punch 12 through the workpiece 6. When the maxi 
mum desired operating pressure has been reached in the 
intensifier plunger chamber 178, the control plunger 
218 is raised so as to unlatch the latch 154 and permit 
the valve spool 134 to shift upwardly under the biasing 
action of the spring 158. As a result, the reversing valve 
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a result, the stripper piston 24 is advanced to move the 
stripper 54 against the workpiece 16. The fluid from the 
pump also passes through the intensifier plunger chamber 
178 to the head end of the punch cylinder 54 so as to 
advance the punch piston 44 and the punch 12. 75 

32 directs hydraulic fluid from the pump to the passage 
138 and thence to the rod end of the stripper cylinder 
26. The port 78 in the stripper piston 24 transmits the 
fluid pressure to the rod end of the punch cylinder 54. 
At the same time, the head end of the punch cylinder 
54 is vented to the tank through the intensifier chamber 
178 and the passage 136. Accordingly, the punch piston 
44 and the punch 12 are retracted. Immediate retrac 
tion of the stripper piston 24 is prevented by the sequence 
valve 88 which retains fluid in the head end of the 
stripper cylinder 26 until the pump pressure builds up 
sufficiently to open the relief valve 106. After the 
Stripper piston 24 has been retracted, the pump pressure 
builds up until it is sufficient to raise the control plunger 
228, whereupon the latch 170 is unlatched to release the 
rod ió2 for downward movement and thereby permit 
the valve spool 134 to shift to its neutral position. 

It will be recognized that the operation of the apparatus 
as a whole is automatic once the solenoid has been 
actuated. The apparatus carries out a sequence of opera 
tions in which the stripper and punch are advanced ini 
tially, the punch is forced through the work, the work 
is stripped from the punch, and the stripper is retracted 
to permit removal of the workpiece. The arrangement 
of the apparatus is such that the sequence of operations 
is positively maintained, each operation being completed 
before the following operation is initiated. 
The construction of the hydraulic cylinder 10 will be 

Seen to be surprisingly simple, rugged, and inexpensive. 
Nevertheless, the cylinder carries out its various func 
tions more effectively and dependably than heretofore. 
The modified embodiment of Fig. 5 is the same as that 

of Fig. 1, except that the high pressure line 186, leading 
from the intensifier 172, is connected to the cylinder 
port 74, while the low pressure line 142 is connected 
through the sequence valve 88 to the cylinder port 75. 
A line 240 is connected between the sequence valve 88 
and the cylinder port 75. Moreover, the hollow piston 
24 is fitted with a plurality of tools in the form of punches 
12a acting in opposition to dies 18a. Furthermore, the 
axial piston 44 is equipped with a stripper member or 
plate 14a adapted to hold the workpiece 16 against an 
abutment 22a. 

With the arrangement illustrated in Fig. 5, the hy 
draulic pressure initiaily generated in line 142 advances 
the axial or inner piston 44, with the result that the 
Stripper 14a clamps the work 16 against the abutment 
22a. The enhanced pressure developed by the intensifier 
172 then advances the hollow or outer piston 24 so as to 
actuate the punches 12a. 
When the valve 134 is reversed to vent the lines 142 

and 186, while supplying fluid under pressure to the 
line 144, the hollow piston 24 is immediately retracted, 
so as to withdraw the punches 12a from the workpiece 
16. However, immediate retraction of the axial piston 
44 is prevented by the sequence valve 88. When the 
hollow piston 24 has been fully retracted, pressure builds 
up in the rod end of the piston cylinder 26 and is trans 
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mitted through the passages 78 to the rod end of the piston 
cylinder 54. Eventually the pressure is sufficient to open 
the spring loaded valve 114 and permit movement of the 
axial piston 44 to its retracted position. 

It will thus be clear, from a comparison of Figs. 1 
and 5, that either of the pistons 24 and 44, embodied 
in the cylinder 10 may be employed to operate the punch 
ing or other tool, the other piston then being employed 
to operate the stripper. No modification of the cylinder 
10 is necessary to accommodate these alternative modes 
of operation. 

Various other modifications, alternative constructions 
and equivalents may be employed without departing from 
the true spirit and scope of the invention as exemplified 
in the foregoing description and defined in the following 
claims. 

I claim: 
1. A dual hydraulic cylinder for actuating a tool ele 

ment and a stripper element therefor, said cylinder com 
prising a casing having a cylinder bore therein, a first 
piston reciprocable in said cylinder bore for advancing 
and retracting one of said elements, a first piston rod 
extending in one direction from said first piston, a guide 
bore in said casing extending coaxially from one end 
of said cylinder bore and slidably receiving said first pis 
ton rod, a head member enclosing the opposite end of 
said cylinder bore, said first piston having an axial 
cylinder bore therein opening toward said head member, 
said head member having a cylinder member thereon ex 
tending into said cylinder bore in said first piston and in 
slidable sealing relation thereto, said cylinder member 
having a third cylinder bore formed axially therein, a 
second piston slidably disposed in said third cylinder 
bore for advancing and retracting the other of said ele 
ments, a second piston rod extending in said one direc 
tion from said second piston, said first piston and said 
first piston rod having a second guide bore extending 
axially therein in said one direction from said second 
cylinder bore therein, said second piston rod being slid 
ably received in said second guide bore in coaxial rela 
tion to said first piston rod, first and second fluid ports 
communicating with opposite ends of said first cylinder 
bore, and a third fluid port extending through said head 
member into said third cylinder bore on the side of Said 
second piston opposite from said second piston rod, said 
first piston having a port extending therethrough to con 
vey fluid in either direction between the rod end of said 
second cylinder bore and the rod end of said first cylinder 
bore. 

2. A dual hydraulic cylinder for actuating a punch 
and a stripper therefor, said cylinder comprising a casing 
having a cylinder bore therein, a first piston reciprocable 
in said cylinder bore, a first piston rod extending in one 
direction from said first piston, a guide bore in one end 
of said casing for slidably receiving said first piston rod 
said first piston having a second cylinder bore therein, a 
cylinder member on said casing extending into said second 
cylinder bore in said first piston, said cylinder member 
having a third cylinder bore therein, a second piston slid 
ably disposed in said third cylinder bore, a second piston 
rod extending in said one direction from said second 
piston, said first piston and said first piston rod having a 
second guide bore extending axially therein for slidably 
receiving said second piston rod, first and second fluid 
ports communicating with opposite ends of said first 
cylinder bore, and a third fluid port communicating with 
the head end of said third cylinder bore, said first piston 
having a fourth port extending therethrough between the 
rod ends of said first and second cylinder bores. 

3. A dual hydraulic cylinder for actuating a punch 
and a stripper therefor, said cylinder comprising a casing 
having a cylinder bore therein, a first piston reciprocable 
in said cylinder bore, a first piston rod extending in one 
direction from said first piston, a guide bore in one end 
of said casing for slidably receiving said first piston rod 
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said first piston having a second cylinder bore therein, a 
cylinder member on said casing and extending into said Sec 
ond cylinderbore in said first piston, said cylinder member 
having a third cylinder bore therein, a second piston slid 
ably disposed in said third cylinder bore, and a Second 
piston rod extending in said one direction from Said Second 
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piston, said first piston and said first piston rod having a 
second guide bore extending axially therein for slidably 
receiving said second piston rod. 

4. A dual hydraulic cylinder for actuating a punch 
and a stripper therefor, said cylinder comprising a casing 
having a cylinder bore therein, a first piston reciprocable 
in said cylinder bore, a first piston rod extending in one 
direction from said first piston, a guide bore in one end 
of said casing for slidably receiving said first piston rod 
said first piston having a second cylinder bore therein, a 
cylinder member on said casing and extending into Said Sec 
ond cylinder bore in said first piston, said cylinder member 
having a third cylinder bore therein, a second piston slid 
ably disposed in said third cylinder bore, a second piston 
rod extending in said one direction from Said second 
piston, said first piston and said first piston rod having a 
second guide bore extending axially therein for slidably 
receiving said second pistcn rod, first and second fluid 
ports communicating with opposite ends of said first cylin 
der bore, and third and fourth ports communicating with 
the head and rod ends of said third cylinder bore. 

5. A dual hydraulic cylinder for actuating a punch and 
a stripper therefor, said cylinder comprising a casing hav 
ing a cylinder bore therein, a first piston reciprocable in 
said cylinder bore, a first piston rod extending in one 
direction from said first piston, a guide bore in Said casing 
extending coaxially from one end of said cylinder bore 
and slidably receiving said first piston rod, a head member 
closing the opposite end of said cylinder bore, said first 
piston having an axial cylinder bore therein opening to 
ward said head member, said head member having a cylin 
der member thereon extending into said cylinder bore in 
said first piston and in slidable sealing relation thereto, 
said cylinder member having a third cylinder bore formed 
axially therein, a second piston slidably disposed in said 
third cylinder bore, a second piston rod extending in said 
one direction from said second piston, said first piston 
and said first piston rod having a second guide bore ex 
tending axially therein in said one direction from said 
second cylinder bore therein, said second piston rod being 
slidably received in said second guide bore in coaxial rela 
tion to said first pist on rod, first and second fluid ports 
communicating with opposite ends of said first cylinder 
bore, a third fluid port extending through said head mem 
ber into the head end of said third cylinder bore, and a 
fourth port extending through said first piston between the 
rod end of said first and second cylinder bores. 

6. A dual hydraulic cylinder, comprising a first hollow 
piston having a first cylinder bore therein, a first hollow 
piston rod on said piston and having a first axial guide 
bore therein, a casing having second interconnected cylin 
der and guide bores slidably receiving said piston and 
piston rod, said casing having a third cylinder bore therein 
alined with said first cylinder bore, a second piston mov 
ably disposed in said first and third cylinder bores and 
having a second piston rod extending therefrom through 
said first guide bore in said first piston rod, said first piston 
having a first port extending therethrough between the 
rod ends of said first and second cylinder bores, second 
and third fluid ports in said casing communicating with 
the head and rod ends of said second cylinder bore, and a 
fourth port in said casing communicating with the head 
end of said third cylinderbore. 

7. A dual hydraulic cylinder, comprising a hollow pis 
ton having a first cylinder bore therein, a hollow piston 
'rod on said piston and having a first axial guide bore there 
in, a casing having second interconnected cylinder and 
guide bores slidably receiving said piston and piston red, 
said casing having a third cylinderbore therein alined with 
said first cylinderbore, a second piston movably disposed 
in said first and third cylinderbores and having a second 
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piston rod extending therefrom through said first guide 
bore in said hollow piston rod, first and second fluid ports 
communicating with opposite ends of said second cylinder 
bore, and third and fourth fluid ports communicating with 
said first and third cylinder bores. 

8. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston rod 
bore therein, an annular first piston slidably disposed in 
said cylinder bore and having a hollow piston rod thereon 
extending Slidably through said piston rod bore, said 
piston having an internal cylindrical surface therein, said 
casing having a head closing said cylinder bore and pro 
vided with a cylinder member having an external surface 
slidably received in said internal surface in said piston, 
said cylinder member having a second cylinder bore 
therein communicating with the interior of said piston, 
a second piston slidably disposed in said second cylinder 
bore and having a second piston rod thereon extending 
slidably through said hollow piston rod, a first port ex 
tending through said first piston between the rod ends of 
said first and second cylinder bores, second and third 
ports communicating with the head and rod ends of said 
first cylinder bore, a fourth port communicating with 
the head end of Said second cylinder bore, a sequence 
valve having inlet and outlet ports, means connecting said 
outlet port to said second port, said sequence valve in 
cluding a check valve for freely conveying fluid between 
said inlet and outlet ports while preventing return flow of 
fluid through said check valve, means for applying fluid 
pressure to said inlet port, while relieving fluid pressure 
at said third port for advancing said first piston, means 
for applying fluid under pressure to said fourth port for 
advancing said second piston, means for applying fluid 
under pressure to said third port while relieving fluid 
pressure at said fourth port to retract said second piston, 
said first port in said first piston being effective to apply 
fluid pressure to the rod end of said second piston, said 
check valve retaining fluid in the head end of said first 
cylinder bore and thereby preventing retraction of said 
first piston while said second piston is being retracted, 
said sequence valve including a pressure relief valve for 
conveying fluid in excess of a predetermined pressure be 
tween said outlet and inlet ports and thereby providing for 
return of said first piston by the fluid pressure at said third 
port after the return of said second piston. 

9. Fluid actuated apparatus comprising a casing having 
a first cylinder bore and a communicating piston rod bore 
therein, an annular first piston slidably disposed in said 
cylinder bore and having a hollow piston rod thereon ex 
tending slidably through said piston rod bore, said piston 
having a second cylinder bore therein, said casing having 
a cylinder member slidably received in said second cyl 
inder bore in said piston, said cylinder member having a 
third cylinder bore therein, a second piston slidably dis 
posed in said third cylinder bore and having a second 
piston rod thereon extending slidably through said hollow 
piston rod, a first port extending through said first piston 
between the rod ends of said first and second cylinder 
bores, second and third ports communicating with the 
head and rod ends of said first cylinder bore, a fourth 
port communicating with the head end of said third cyl 
inder bore, a sequence valve connected to said second port 
and including a check valve for freely conveying fluid to 
said second port while preventing return flow of fluid 
through said check valve, means for applying fluid pres 
sure to said check valve while relieving fluid pressure at 
said third port for advancing said first piston, means for 
applying fluid under pressure to said fourth port for ad 
vancing said second piston, means for applying fluid under 
pressure to said third port while relieving fluid pressure at 
said fourth port to retract second piston, said first port 
in said first piston being effective to apply fluid pressure 
to the rod end of said second piston, said check valve 
retaining fluid in the head end of said first cylinder bore 
and thereby preventing retraction of said first piston while 
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said second piston is being retracted, said sequence valve 
including a pressure relief valve for conveying fluid in ex 
cess of a predetermined pressure away from said second 
port and thereby providing for return of said first piston 
by the fluid pressure at said third port after the return of 
said second piston. • 

10. Fiuid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston rod 
bore therein, an annular first piston slidably disposed in 
said cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, said pis 
ton having a second cylinder bore therein, said casing 
having a third cylinder bore therein alined with said sec 
ond cylinder bore, a second piston movably disposed in 
said second and third cylinder bores and having a second 
piston rod thereon extending slidably through said hollow 
piston rod, a first port extending through said first piston 
between the rod ends of said first and second cylinder 
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bores, second and third ports communicating with the 
head and rod ends of said first cylinder bore, a fourth 
port communicating with the head end of said third cyl 
inder bore, a check valve for freely conveying fluid to 
said second port while preventing return flow of fluid 
through said check valve, means for applying fluid pres 
sure to said check valve while relieving fiuid pressure at 
said third port for advancing said first piston, means for 
applying fluid under pressure to said fourth port for ad 
vancing said second piston, means for applying fluid 
under pressure to said third port while relieving fluid 
pressure at said fourth port to retract said second piston, 
said first port in said first piston being effective to apply 
fluid pressure to the rod end of said second piston, said 
check valve retaining fluid in the head end of said first 
cylinder bore and thereby preventing retraction of said first. 
piston while said second piston is being retracted, and a 
pressure relief valve for conveying fluid in excess of a. 
predeterrained pressure away from said second port to 
provide for return of said first piston by the fluid pressure 
at said third port after the return of said second piston. 

11. Fluid actuated apparatus comprising a Casing hav 
ing a first cylinder bore and a communicating piston rod 
bore therein, an annular first piston slidably disposed in 
said cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, Said pis 
ton having a second cylinder bore therein, said casing hav 
ing a cylinder member slidably received in said second 
cylinder bore in said piston, said cylinder member hav 
ing a third cylinder bore therein, a second piston slid 
ably disposed in said third cylinder bore and having a 
second piston rod thereon extending slidably through said 
hollow piston rod, a first port extending through said first 
piston between the rod ends of Said first and Second cyl 
inder bores, second and third ports communicating with 
the head and rod ends of said first cylinder bore, a fourth 
port communicating with the head end of Said third cyl 
inder bore, means for applying fluid pressure to Said Sec 
ond port while relieving pressure at said third port and 
thereby advancing said first piston, means for applying 
fluid pressure to said fourth port to advance said second 
piston, means for applying fluid pressure to Said third 
port while relieving fluid pressure at said fourth port to 
retract said second piston, and means for retaining fluid 
pressure at said second port to prevent immediate Te 
traction of said first piston, said last mentioned means 
being adapted to be overcome by predetermined pressure 
at said third port. w 

12. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston rod 
bore therein, an annular first piston slidably disposed in 
said cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, said pis 
ton having a second cylinder bore therein, said casing 
having a third cylinder bore therein alined with said sec 
ond cylinder bore, a second piston movably disposed in 
said second and third cylinder bores and having a sec 
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ond piston rod thereon extending slidably through said 
hollow piston rod, a first port extending through said 
first piston between the rod ends of said first and sec 
ond cylinder bores, second and third ports communicat 
ing with the head and rod ends of said first cylinder bore, 
a fourth port communicating with the head end of Said 
third cylinder bore, means for applying fluid pressure to 
Said second port while relieving pressure at said third 
port and thereby advancing said first piston, means for 
applying fluid pressure to said fourth port to advance 
said second piston, means for applying fluid pressure to 
said third port while relieving fluid pressure at said fourth 
port to retract said second piston, and means for retain 
ing fluid pressure at said second port to prevent immedi 
ate retraction of said first piston, said last mentioned 
means being adapted to be overcome by predetermined 
pressure at said third port. 

13. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston 
rod bore therein, an annular first piston slidably disposed : 
in Said cylinder bore and having a hollow piston rod 
thereon extending slidably through said piston rod bore, 
said piston having a second cylinder bore therein, said 
casing having a cylinder member slidably received in said 
Second cylinder bore in said piston, said cylinder mem 
ber having a third cylinder bore therein, a second piston 
slidably disposed in said third cylinder bore and having 
a second piston rod thereon extending slidably through 
Said hollow piston rod, a first port extending through 
said first piston between the rod ends of said first and 
second cylinder bores, second and third ports communi 
cating with the head and rod ends of said first cylinder 
bore, a fourth port communicating with the head end 
of said third cylinder bore, means for applying relatively 
low fluid pressure to said second port while relieving 
pressure at said third port and thereby advancing Said 
first piston, means for applying relatively high fluid pres 
Sure to said fourth port to advance said second piston, 
means responsive to predetermined pressure at said 
fourth port for applying fluid pressure to said third port 
while relieving fluid pressure at said fourth port to re 
tract said second piston, and means for retaining fluid 
pressure at Said second port to prevent immediate retnac 
tion of said first piston, said last mentioned means being 
adapted to be overcome by predetermined pressure at 
said third port. 

14. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston 
rod bore therein, an annular first piston slidably disposed 
in said cylinder bore and having a hollow piston rod 
thereon extending slidably through said piston rod bore, 
said piston having a second cylinder bore therein, said 
casing having a third cylinder bore therein alined with . 
said Second cylinder bore, a second piston movably dis 
posed in said second and third cylinder bores and having 
a second piston rod thereon extending slidably through 
Said hollow piston rod, a first port extending through 
said first piston between the rod ends of said first and 
Second cylinder bores, second and third ports communi 
cating with the head and rod ends of said first cylinder 
bore, a fourth port communicating with the head end of 
said third cylinder bore, means for applying relatively 
low fluid pressure to said second port while relieving 
pressure at Said third port and thereby advancing said 
first piston, means for applying relatively high fluid pres 
Sure to said fourth port to advance said second piston, 
means respensive to predetermined pressure at said fourth 
port for applying fluid pressure to said third port while 
relieving fluid pressure at said fourth port to retract said 
Second piston, and means for retaining fluid pressure at 
Said second port to prevent immediate retraction of said 
first piston, said last mentioned means being adapted to 
be overcome by predetermined pressure at said third port. 

15. Fluid actuated apparatus comprising an annular 
first piston having external and internal cylindrical sur 

5 

O 

30 

35 

40 

60 

65 

2 
faces, an annular first piston rod on said piston anc 
extending in one direction therefrom, said piston rod 
having an axial bore therein, a casing having intercon 
nected cylinder and guide bores slidably receiving the 
external surfaces of said piston and piston rod, a head 
member closing said cylinder bore and having a cylinder 
member slidably received in the internal cylindrical sur 
face in said piston, said cylinder member having a second 
cylinder bore therein cooperating with said internal sur 
face of said piston to form a second piston chamber, a 
second piston slidably disposed in said second cylinder 
bore and having a second piston rod thereon and extend 
ing in said one direction therefrom through said bore 
in said first piston rod, said first piston having a first port 
extending through the end thereof adjacent said piston 
rod thereof and connecting the rod end of said first cylin 
der bore with the rod end of said second piston chamber, 
a second fluid port communicating with the end of said 
first cylinder bore opposite from said first piston rod, 
means for applying fluid under pressure to said second port 
for advancing said first piston, a third fluid port extend 
ing through said head member and communicating with 
the head end of said second cylinder bore, means for ap 
plying fluid under pressure to said third fluid port for 
advancing said second piston, a fourth fluid port com 
municating with the rod end of said first cylinder bore, 
means for relieving fluid pressure at said third fluid port 
while applying fluid pressure at said fourth fluid port for 
retracting said second piston, fluid pressure being applied 
to the rod end of said second piston through said first 
port in said first piston, means for retaining fluid in the 
head end of said first cylinder bore and thereby preventing 
retraction of said first piston while said second piston is 
being retracted, the fluid under pressure applied to said 
fourth fluid port being effective to retract said first piston 
after said second piston has been retracted. 

16. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bore and a communicating piston rod 
bore therein, a hollow piston slidably disposed in said 
cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, said 
piston having a second cylinder bore therein, said casing 
having a cylinder member slidably received in said sec 
ond cylinder bore in said piston, said cylinder member 
having a third cylinder bore therein, a second piston slid 
ably disposed in said third cylinder bore and having a 
second piston rod thereon extending slidably through said 
hollow piston rod, a first port extending through said 
hollow piston between the rod ends of said first and second 
cylinder bores, second and third ports communicating 
with the head and rod ends of said first cylinder bore, a 
fourth port communicating with the head end of said third 
cylinder bore, means for applying fluid pressure to one 
of said second and fourth ports while relieving pressure 
at said third port and thereby advancing one of said 
pistons, means for applying fluid pressure to the other of 
said second and fourth ports to advance the other of said 
pistons, means for applying fluid pressure to said third 
port while relieving fluid pressure at one of said second 
and fourth ports to retract said other piston, and means 
for retaining fluid pressure at the other of said second 
and fourth ports to prevent immediate retraction of said 
one piston, said last mentioned means being adapted 
to be overcome by predetermined pressure at said third 
port. - 

17. Fluid actuated apparatus comprising a casing hav 
ing a first cylinder bere and a communicating piston rod 
bore therein, a hollow first piston slidably disposed in 
Said cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, said 
piston having a second cylinder bore therein, said casing 
having a third cylinder bore therein alined with said sec 
ond cylinder bore, a second piston movably disposed in 
said second and third cylinderbores and having a second 
piston rod thereon extending slidably through said hollow 
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piston rod, a first port extending through said first piston 
between the rod ends of said first and second cylinder 
bores, second and third ports communicating with the 
head and rod ends of said first cylinder bore, a fourth port 
communicating with the head end of said third cylinder 
bore, means for applying fluid pressure to said fourth port 
while relieving pressure at said third port and thereby 
advancing said second piston, means for applying fluid 
pressure to said second port to advance said first piston, 
means for applying fluid pressure to said third port while 
relieving fluid pressure at said second port to retract said 
first piston, and means for retaining fluid pressure at said 
fourth port to prevent immediate retraction of said sec 
ond piston, said last mentioned means being adapted to 
be overcome by predetermined pressure at said third port. 

18. Fluid actuated apparatus comprising a casing 
having a first cylinder bore and a communicating piston 
rod bore therein, a hollow first piston slidably disposed 
in said cylinder bore and having a hollow piston rod 
thereon extending slidably through said piston rod bore, 
said piston having a second cylinder bore therein, said 
casing having a third cylinder bore therein alined with 
said second cylinder bore, a second piston movably dis 
posed in said second and third cylinder bores and having 
a second piston rod thereon extending slidably through 
said hollow piston rod, a first port extending through said 
first piston between the rod ends of said first and 
second cylinderbores, second and third ports communicat 
ing with the head and rod ends of said first cylinder bore, 
a fourth port communicating with the head end of said 
third cylinder bore, a check valve for freely conveying 
fluid to one of said second and fourth ports while prevent 
ing return flow of fluid through said check valve, means 
for applying fluid pressure to said check valve while 
relieving fluid pressure at said third port for advancing 
one of said pistons, means for applying fluid under pressure 
to the other of said second and fourth ports for advancing 
the other of said pistons, means for applying fluid under 
pressure to said third port while relieving fluid pressure 
at said other port to retract said other piston, said first 
port in said hollow piston being effective to apply fluid 
pressure to the rod end of said second piston, said check 
valve retaining fluid in said one port and thereby prevent 
ing retraction of said one piston while said other piston 
is being retracted, and a pressure relief valve for convey 
ing fluid in excess of a predetermined pressure away from 
said one port to provide for return of said one piston 
by the fluid pressure at said third port after the return 
of said other piston. 

19. Fluid actuated apparatus comprising a casing 
having a first cylinder bore and a communicating piston 
rod bore therein, a hollow first piston slidably disposed in 
said cylinder bore and having a hollow piston rod thereon 
extending slidably through said piston rod bore, said 
piston having a second cylinder bore therein, said casing 
having a third cylinder bore therein alined with said 
second cylinder bore, a second piston movably disposed 
in said second and third cylinder bores and having a 
second piston rod thereon extending slidably through said 
hollow piston rod, a first port extending through said first 
piston between the rod ends of said first and second cyl 
inder bores, second and third ports communicating with 
the head and rod ends of said first cylinder bore, a fourth 
port communicating with the head end of said third 
cylinder bore, a check valve for freely conveying fluid to 
said fourth port while preventing return flow of fluid 
through said check valve, means for applying fluid pres 
sure to said check valve while relieving fluid pressure at 
said third port for advancing said second piston, means 
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for applying fluid under pressure to said second port for 
advancing said first piston, means for applying fluid under 
pressure to said third port while relieving fluid pressure . 
at said second port to retract said first piston, said first 
port in said first piston being effective to apply fluid pres 
Sure to the rod end of said second piston, said check 
valve retaining fluid in the head end of said third cylinder 
bore and thereby preventing retraction of said second 
piston, while said first piston is being retracted, and a 
pressure relief valve for conveying fluid in excess of a 
predetermined pressure away from said second port to 
provide for return of said second piston by the fluid pres 
sure at said third port after the return of said first piston. 

20. A dual fluid actuated cylinder, comprising a hollow 
first piston element having a first piston rod thereon, a 
casing element having first interconnected cylinder and 
guide bores slidably receiving said piston element and 
piston rod, second and third aligned axial bores in said 
casing element and said piston element, a hollow cylin 
drical member fixed on one of said elements, said cylin 
drical member having one of said second and third bores 
therein and being slidably received in the other of said 
second and third bores, said first piston rod having a 
guide bore therein, and a second piston slidably received 
in one of said second and third bores and having a second 
piston rod received in said last mentioned guide bore. 

21. A dual fluid actuated cylinder, comprising a hollow 
first piston element having a first piston rod thereon, a 
casing element having first interconnected cylinder and 
guide bores slidably receiving said piston element and 
piston rod, second and third aligned axial bores in said 
casing element and said piston element, a hollow cylin 
drical member fixed on one of said elements, said cylin 
drical member having one of said second and third bores 
therein and being slidably received in the other of said 
second and third bores, said first piston rod having a guide 
bore therein, first and second port means communicating 
with opposite ends of said first piston element, and third 
and fourth port means communicating with opposite ends 
of said second piston. 

22. A dual fluid actuated cylinder, comprising a hollow 
first piston element having a first piston rod thereon, a 
casing element having first interconnected cylinder and 
guide bores slidably receiving said piston element and 
piston rod, second and third aligned axial bores in said 
casing element and said piston element, a hollow cylin 
drical member fixed on one of said elements, said cylin 
drical member having one of said second and third bores 
therein and being slidably received in the other of said 
Second and third bores, said first piston rod having a 
guide bore therein, first and second port means in said 
casing and communicating with the head and rod ends 
of said first piston element, third port means in said 
casing and communicating with the head end of said 
second piston, and fourth port means in said first piston 
and communicating with the rod end of said second 
piston. 
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