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HYDRAULIC ACTUATOR 

Daniel P. Darwin, Saratoga, Calif., and Robert M. Kei 
logg, Binghamton, N.Y., assignors to International 
Business Machines Corporation, New York, N.Y., a 
corporation of New York 

Fied Dec. 7, 1959, Ser. No. 857,822 
i5 Cains. (C. 234-107) 

This invention relates to apparatus actuated by hy 
draulic fluid impulses and, more particularly, to selec 
tively operable apparatus adapted to be actuated by 
cyclically applied hydraulic fluid impulses. 
This invention is an improvement over that described 

in copending application, Serial No. 857,737, by Darwin 
et al., filed December 7, 1959, and issued as Patent No. 
3,011,698. In that invention, the forces necessary to 
restrain actuation of the apparatus are small because 
the hydraulic forces resulting from cyclically applied 
fluid impulses are limited so long as the apparatus is 
restrained against movement. The apparatus is selec 
tively restrained against movement by magnetic de 
vices which act directly upon the apparatus. The mag 
netic devices are not required to move the apparatus but 
only hold the same against movement. If the magnetic 
devices are so cperated to permit movement of the appa 
ratus by the fluid impulses cyclically applied, the forces 
developed by the fluid impulses so applied increase as 
the apparatus is displaced. Hence, the magnetic devices 
are required to overcome only a relatively small force; 
but, if the magnetic devices permit movement of the 
apparatus, the forces for moving the same increase rapidly. 

In the present invention, the apparatus is selectively 
restrained or permitted while fluid impulses are cyclically 
applied to the apparatus. However, the hydraulic forces 
are latched out so long as he apparatus is restrained 
against movement, rather than limiting the hydraulic 
forces during this period of time. The apparatus is 
selectively restrained against movement by magnetic de 
vices which act upon the apparatus. Similar to the ref 
erenced arrangement, the magnetic devices are not re 
quired to move the apparatus but only hold the same 
against movement. If the magnetic devices are so op 
erated to permit movement of the apparatus, a starting 
means displaces the apparatus, whereby the cyclically 
applied fluid impulses are able to act upon the appa 
ratus So as to displace the same. The starting means, 
which may be a relatively small force, is normally re 
strained against movement by the magnetic devices. Be 
cause the force requirements of the magnets are rela 
tively small to overcome the force of the starting means, 
the magnets may operate at relatively high speeds. Addi 
tionally, hydraulic cushioning means is provided for 
cushioning the apparatus as the same is returned to the 
starting or home position by the fluid impulses. 
The present invention is also particularly suited to be 

incorporated in machines for selectively perforating rec 
ord cards to represent information in coded form. The 
punch elements for perforating record cards are pro 
vided with extensions which are, in effect, armatures of 
the magnets. The magnets, when energized, restrain 
the starting means and thereby the punch elements 
against movement. Since the magnets, when energized, 
restrain the starting means, the member displaceable by 
the cyclically applied fluid impulses is not displaced. Be 
cause, with the starting means restrained against move 
ment by the magnetic means, the member normally dis 
placed by the filiid impulses is in such a position, the 
fiuid impulses are unable to act upon this member. 
Hence, unless this member is displaced by the starting 
means, there will be no movement. However, if the 
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starting means is permitted by the magnetic means to 
displace this member, the cyclically applied fluid in 
pulses will act upon this meniber to displace the same rapidly. 
The punch elements are adapted to be moved bidi 

rectionally as the cyclically applied fluid impulses act 
upon the members for translating the punch elements. 
The fluid impulses are so applied that the punch elements 
are moved to a restored position and to a punching posi 
tion. With the punch elements in the restored position, 
the armatures formed integral with the punch elements 
are abutting the cores of the control magnets. Because 
of this arrangement, it is only necessary for the magnets 
to exercise a control function only and not be required to 
move any elements so as to perform work. With the 
punches restored and if the magnets are energized, the 
punches will be restrained against movement to the punch 
ing position upon application of the fluid impulses. If 
the magnets are not energized, the starting means will 
displace the member to be acted upon by the fluid im 
pulses to a position where the fluid impulses can act upon 
this member and thereby move the punches to the punch 
ing position. Subsequently, all punches moved to the 
punching position are returned to the restored position; 
this action takes place cyclically. Apparatus is provided 
to decelerate the punch elements as they approach the 
punching and restored positions. 

Accordingly, it is a principal object of the invention 
to provide improved selective control for the operation 
of that apparatus which is to be actuated by fluid im 
pulses applied cyclically at very high rates. 
Another very important object of the invention is to 

latch out the cyclically applied fluid impulses until the 
apparatus is permitted to operate as determined by the 
controls therefor. 

Aizother object of the invention is to provide decelera 
tion control for the apparatus which is to be actuated 
by the fluid impulses applied cyclically. 
A more specific object of the invention is to cyclically 

apply fluid inapulses to actuate punch elements bidirec 
tionally and selectively restrain the punch elements in 
one direction against movement by magnetic means. 
Another object of the invention is to provide appa 

ratus which is cyclically operable to restore selectively 
displaced members. 

Still a more specific object of the invention is to pro 
vide apparatus for selectively controlling the movement 
of a member which is to be displaced bidirectionally by 
fluid impulses applied cyclically by selectively restraining 
the starting means through the member which is to be 
displaced by the fiuid impulses. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments 
of the invention, as illustrated in the accompanying drawings. 

in the drawings: 
FG. 1 is a side elevational view, partially in section, 

showing the invention as incorporated in a record card 
panching machine; 

F.G. 2 is a detail sectional view showing one embodi 
ment of that mechanism shown in outline form in FIG. 1 
for displacing the piirich element to the punching position; 

FIG. 3 is a detail Sectional view showing another em 
bodiment of that mechanism shown in outline form in 
FiG. 1 for displacing the punch element to the punching position; 
FIG. 4 is a sectional view of the preferred embodiment 

of the apparatus for moving the punch elements to the 
punching and restored positions, the punch element shown 
as being held in the restored position by the apparatus; 
FiG. 5 is a sectional view of the apparatus in FIG. 4 
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3. 
but with the punch element shown as being held in the 
punching position by the apparatus; 

F.G. 6 is an exploded isometric view of the apparatus 
for developing or generating the cyclic hydraulic fluid 
impulses; 

FIG. 7 is a diagram showing the punch displacement 
curve, the relative timing for the fluid inpulses, and the 
state of the magnet for controlling the starting member; 
FG. 8 is a perspective view showing the invention as 

incorporated in a punching machine; and 
FIG. 9 is a partial longitudinal sectional view showing 

the operating members for two punching positions, where 
one operating member is in the unlatched position and 
the other is in the latched position. 
With reference to FIG. 1, the invention is shown by 

Way of example as apparatus including a hydraulically 
operated unit 10 for displacing a member Si in one direc 
tion and a hydraulically operated unit 2 for displacing the 
member 1 in an opposite direction. The hydraulically 
operated units 10 and 2 are alternately supplied with 
fiuid impulses on a cyclic basis. When the fluid impulse 
A, shown in FIG. 7, is applied to the unit 20, the member 
11 is displaced to the position shown in F.G. 1. However, 
when the fluid impulse B, which occurs alternately with 
the fluid impulse A, is applied to the hydraulic unit 12, 
the member 1 will be displaced only if a magnet 13 is 
de-energized. The member 11 as a W-shaped end 5 
which is complementary to the core of the magnet 3 
and acts as the armature thereof. As it will be seen 
shortly, the hydraulically operated unit 12 is so comprised 
that the B fluid impulse applied thereto will be prevented 
from acting unless permitted to act as a result of the 
magnet i3 being de-energized at the time the B fluid 
impulse is applied. 
As shown in F.G. 1, the member is also includes a 

punch element 36 at its other end. The punch element 16 
is adapted to slide within a punch guide 7 and perforate a 
record card 18 positioned between the punch guide 7 and 
an aligned punch die 29. The record card 8 is trans 
ported into and out of the punching position by cooper 
ating feed rollers 20 driven in the usual manner, the drive 
therefor is not shown. 
The hydraulically operated units SC and 2 are shown 

only in outline form in FIG. 1 because these units may 
be comprised in several different embodiments. However, 
before describing these different embodiments, a hydraulic 
fluid impulse generator 40, FIG 6, for devleoping the A 
and B fluid impulses will be described. While this hy 
draulic fluid impulse generator 40 does not form an essen 
tial part of the invention because any suitable fluid impulse 
generator would be satisfactory, it will be described since 
it works very well for supplying fluid impulses alternately 
emerging from two different outlets at a System preSSure 
of approximately 500 pounds per square inch and at a 
frequency of approximaetly 200 cycles per second. 

Referring to FIG. 6, the fluid inpulse generator 48 con 
sists of an outer stator element 50 fitted with end members 
51, only the right end member is shown. The end mem 
bers 51 form caps for the outer stator element 50 but are 
recessed so as to form fluid end chambers 52. 
The outer stator element 50 is provided with three 

spaced apart inwardly opening annular recesses 53, 54 
and 35 which form fluid conducting channels. The re 
cesses 53, 54 and 55 are in register with and circumscribe 
or encircle radial bores 56, 57 and 58, respectively, spaced 
around the periphery of a sleeve 59 embraced by and con 
centric with the outer stator element 50. The length of 
the sleeve 59 is coextensive with the stator element 58. 
A rotor 69 is disposed to be rotatable within the sleeve 59 
and is coextensive therewith. The ends of the rotor 69 
cooperate with the end members 52 to form the fluid end 
chambers 52. The rotor 69 is driven by a shaft 61 at 
tached to it to extend through the end member 5, inct 
shown, to connect to a suitable driving Source, also not 
ShoWn. 
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4. 

The peripheral surface of the rotor 53 is provided with 
an outwardly opening annular groove 62 which is in regis 
ter with the bores 57. A series of arcuately spaced slots 
63, also formed in the peripheral surface of the rotor 6 
to extend to the right and parallel to the longitudinal 
axis of the rotor 58, open into the annular groove 62 and 
terminate to form fluid passages with the bores 58 when 
in arcuate alignment therewith. A series of arcuately 
spaced slots 64, formed in the peripheral surface of the 
rotor 60, are disposed to lie between the arcuately spaced 
slots 63 to open into the right-hand end chamber 52 and 
to terminate to form fluid passages with the bores 58 when 
in arcuate alignment therewith. Hence, the bores 58 will 
alternately be in fluid communication with the slots 63 and 
64, respectively, as the rotor 69 rotates. Of course, the 
slots 63 are in constant fluid communication with the 
annular groove 62 which, in turn, is in fluid communica 
tion with the bores 57, the same being in fiuid communica 
tion with the annular recess 54. The annular recess 54 
is supplied with fluid under pressure from a source, not 
shown, by means of a fluid conductor 65 connected be 
tween said source and the outer stator 50. The slots 64 
are in constant fluid communication with the end cham 
ber 52 which is in fluid communication by a conductor, 
not shown, to a fluid reservoir at Zero hydraulic fluid 
pressure. The bores 58 are also in fluid comumnication 
with the annular recess 55. A fluid conductor 66 is con 
nected to the outer stator 56 to connect with the annular 
recess 55. The fluid conductor 66 supplies the A fluid 
impulses and is connected to the input of the hydraulically 
operated unit 10. 
The peripheral surface of the rotor 69 is also provided 

with a series of arcuately spaced slots 67 opening into 
the annular groove 62 and extending away therefrom to 
the left to terminate so as to form a fluid passage with 
the bores 56 when in arcuate alignment therewith. A 
series of arcuately spaced slots 68, formed in the pe 
ripheral surface of the rotor 60, are disposed to lie be 
tween the arcuately spaced slots 67 and open to the left 
hand end chamber 52 while terminating at the right so 
as to form fluid passages with the bores 56 when in 
arcuate alignment therewith. Hence, the bores 56 will be 
alternately in fluid communication with the slots 67 and 
68, respectively, as the rotor 69 rotates. Further, the 
slots 67 are in line with the slots 64, while the slots 68 are 
in line with the slots 63. Therefore, the bores 56 will 
be in fluid communication with the slots 67 which open to 
the annular groove 62 so as to receive fluid under pres 
sure coming via the fluid conductor 65 the annular recess 
54 and the bores 57, at the same time the bores 58 are in 
fluid communication with the slots 64 which open to the 
right-hand end chamber 52 which is at Zero hydraulic 
pressure. Likewise, the bores 58 will be in fluid com 
munication with the slots 63 so as to receive fluid under 
pressure via the fluid conductor 65, the annular recess 54, 
the bores 57, and the annular groove 62, during the time 
the bores 56 are in fluid communication with slots 68 
which open to the left-hand end chamber 52 which is 
connected to be at zero hydraulic pressure. 
The bores 56, which alternately communicate with the 

slots 67 and 68, also are in constant fluid communication 
with the annular recess 53 in the outer stator 50. A 
fluid conductor 69 is connected to the outer stator 5. So 
as to be in fluid communication with the annular recess 
53. Hence, B fluid impulses are supplied over the fluid 
conductor 69 which, in turn, is connected to the input 
of the hydraulically operated unit 2. From the fore 
going, it is seen that means have been provided to de 
velop and supply fluid impulses alternately to the hy 
draulically operated units i8 and 2 on a cyclic basis. 
The geometry of the rotor 69 relative to the sleeve 59 
determines the phase relationship between and the base 
width of the fluid impulses A and B, while the angular 
velocity of the rotor 60 determines the frequency. 

Referring again to FiG. 1, the hydraulic unit 1 takes 
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only one form while the hydraulic unit 12 may take 
several different forms, each operating according to a 
common principle, and inciding a preferred form hav 
ing additional features. The preferred form of the hy 
draulic operated unit 52 will be described first. 
The preferred form of the hydraulically operated unit 

a2 is shown in its latched or restored position in FIG. 4 
and in its unlatched and fully operated position in FIG. 
5. In the preferred form, FiOS. 4 and 5, the hydraulical 
ly operated unit 2 is comprised of a bored housing 88 
including a horizontally extending inlet bore 85 which 
is connected to the fluid conductor 69, in FiG. 6. Hence, 
the B fluid impulses will be supplied on a cycle basis at 
a predetermined frequency to the inlet bore 85 which, 
at all other times, will be at zero hydraulic pressure. The 
inlet bore 82, FIGS. 4 and 5, extends inwardly into the 
housing 89 to intersect a laterally extending slot 32 which 
is sealed off at one end by a cover plate 83 and opens at 
its other end into a longitudinally extending bore 84. 
Slidably disposed within the bore 84 is an operating mem 
ber or piston 85 having one end 86 which is permitted 
to extend beyond the housing 86, when displaced or 
actuated by the B fluid impulses, and another end 87 
which abuts against the upper end 88 of a damping piston 
89 when in the latched or restored position, FiG. 4, and 
is spaced therefrom when in its fully operated or ex 
tended position, FIG. 5. The operating member 85 is 
provided with a longitudinal central bore 90 which termi 
nates just beyond a cross-intersecting bore 91 which leads 
to an annular outwardly opening collector groove 92. 
The cross bore 95 and collector groove 92 are located in 
the operating member 85 so as to be in register with a 
laterally extending bore 93 provided in the housing 88 
when the operating member is in the latched or restored 
position, as in FIG. 4. The bore 93 leads off to the left 
from the collector groove 92 and, as it does so, it be 
comes enlarged and leads to a bore 94 formed in the 
cover plate 33. The bore 94 is connected by a fluid con 
ductor, not shown, to a fluid reservoir, also not shown. 
The function of the fluid pathway just described will be 
come quite clear when the decelerating and latching fea 
ture of the unit 2 is described. 

It will be noted that the upper end 86 of the operating 
member 85 normally abuts the lower side of an arm 2: 
extending from the member 11 at right angles. Further, 
with the lower side of the arm 21 abutting the top Sur 
face of the housing 30, as in FiG. 5, the end 37 of the 
operating member 35 lies in the bore 84 just below the 
lowermost portion of the intersecting slot 82, whereby 
the operating member 35 seals of fluid communication 
of the sict 32 with the bore 34. Hence, with the operating 
member in this position, the cyclicaily applied B fluid 
impulses are latched out so as to be unable to act upon 
the operating member 83. Therefore, in order for the B 
fiuid impulses to act upon the operating member 85, the 
same must be displaced a sufficient amount to permit the 
B fluid impulses to enter the bore 84. Of course, dis 
placement of the operating member 85 closes off fluid 
communication of the bore 93, with the collector groove 
92, which, in turn, communicates with bore 91, the same 
being in fiuid communication with the bore 90. With the 
operating member 85 in the latched position, as in FIG. 5, 
a small amount of the B fluid impulse will pass around the 
operating member 85 as leakage. This leakage fluid 
might develop sufficient pressure to displace the operating 
member 85 from the latched position even though the . 
magnet 13 is energized. However, the leakage fluid is 
prevented from developing such a pressure because the 
leakage fluid will pass into a bleed bore 136 which leads 
to a bore 115 in fluid communication with the bore 93. 
The bore 99 communicates with the bore 92. Hence, 
the leakage fluid passes to the reservoir, not shown, via the 
collector ring 92, the bore 93 and the bore 94. 
The operating member 35 is displaced to place the slot 
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a starting piston 300 having one portion 101 slidably dis 
posed within the bore 84 and an integral portion 102 
slidably disposed within a counter bore 183 of the bore 
84. One end iO4 of the starting piston. 68, with the 
operating member 85 in the latched position, abuts the 
top of a stud element 35 which is fixed to extend up 
wardly from a cap member 66 into the counter bore 
183. The stud element 55 is embraced by a compression 
spring 97 having one end abutting the inner surface of 
the cap member 136 and its other end abutting the end 
564 of the starting piston :80. By this arrangement, the 
starting spring it 7 urges the starting piston E60 upward. 
The movement of the starting piston 60 is limited by 
the shoulder on the portion 62 of the starting pist on 13 
which, when displaced, will abut the shoulder of the 
ccuater bore gé23 and thereby be prevented from any fur 
ther upward movement. Of course, adequate movement 
of the starting piston 168 is provided to permit the same 
to unlatch the operating member 85. 
The other end 68 of the starting piston it is abuts the 

end 109 of the damping piston 89 when the operating 
member 85 is in the latched position. While the start 
ing spring 67 normally urges the starting piston 1$C into 
engagement with the damping piston 89, a separating 
compression spring 16 having one end abutting the end 
of a longitudinal centrally disposed bore is provided in 
the portion 0; of the starting piston 69 and its other 
end abutting the bottom of a longitudinal centrally dis 
posed bore 12 provided in the damping piston 85 urges 
the starting piston 163 and damping piston 89 away from 
each other. Movement of the damping piston 89 is 
limited in the downward direction, of course, by the start 
ing piston 103 and in the upward direction, when the 
separating spring 113 is permitted to move the s21 he 
upward, by a stud is 3 fixed in housing 83 to extend there 
from at right angles into the bore 34 so as to engage a 
shoulder 24 of a longitudinal slot formed in the periph 
eral surface of the damping piston 89. 
The damping piston 89 is a hydraulically balanced pis 

ton and also includes a centrally disposed bore 15 which 
is of the same diameter and in register at one end with 
the bore 99 provided in the operating member 83 and its 
other end communicates with the larger diameter bore 
52 for containing a portion of the separating spring it. 
A cross or bleed bore 16 intersects the bore i5 and 
the longitudinal slot forried in the peripheral surface of 
the damping piston. There is also a bleed-off bore 37 
provided in the housing 39 to intersect the counter bore 
i83 and connect with a bore 113 provided in the cover 
plate 83. The bore 318 is connected to the fiuid reser 
voir, not shown, by a cofiductor, also not shown. 
The holding force of the magnet i3, FEG. 1, is sufi 

cient to overcome the resultant force of the starting spring 
i07 and the separating spring Si6. Hence, the starting 
spring (27 cannot displace the starting piston 68 uriess 
the magnet 3 is de-energized. Further, the force of the 
starting spring 167 is greater than that of the separating 
spring 128 so that, when the starting spring 237 is per 
mitted by the magnet E3 to displace the starting piston 
368, the same will not separate from the damping piston. 
Rather, the upper end 83 of the starting piston G.3 re 
mains in engagement with the lower end 69 of the damp 
ing piston 89, whereby the damping piston 39 is displaced 
and, in turn, displaces the operating member 85. The 
amount of displacement required of the starting piston 
139 is very small and only that necessary to displace the 
operating member so that the slot 33 is placed in fuid 
communication with the bore 84, whereby the B fluid 
impulse may act upon the operating member 35 to dis 
place the same upwardly very rapidly and thereby carry 
the member 21 upwardiy at a rapid rate. The force 
developed by the B fluid impulse is of such magnitude 
that it is able to easily overcome the force of the magnet 

82 in fluid communication with the bore 84 by means of 75 13; however, the B fluid impulse may act upon the operat 
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ing member 85 only if the magnet E3 permits the start 
ing spring 67 to displace the starting piston A862. 
When the B fluid impulse acts upon the operating mem 

ber 85, the same having been initially displaced by the 
starting piston i39, the operating member 85 moves up 
ward while the starting piston (8 is forced downward 
against the stud element 85 and the damping piston 89 
tends to follow the operating element 85 upward under 
action of the separating spring 1:0. The damping piston 
89 follows the operating member 35 at a rate determined 
by separating spring 10 which has a force much less 
than that effected by the B fluid impulse. Further, the 
operating member 85 continues to move upward after 
the shoulder 54 on the damping piston 89 abuts the 
stud 53. 
The movement of the operating member 85 or the 

movement of the member is in the upward direction is 
shown by the reciprocated member displacement curve 
in FIG. 7. The deceleration of the member 1 in the 
upward direction is effected by the hydraulically operated 
unit 0 which will be described subsequently. When 
the member 11 is moved downward from the fully ex 
tended position, as in FIG. 4, to the fully retracted posi 
tion, as in FIG. 5, the operating member 85, FIG. 5, is 
carried downward by the arm 2 of the member 11. At 
the time the operating member 85 starts its downward 
movement, the inlet bore 8 is at zero hydraulic pressure 
because the conductor 69, which is in fluid communi 
cation with the bores 56 of the fluid impulse generator, 
FIG. 6, is at zero hydraulic pressure. Because the vol 
ume of the fluid chamber provided by the bore 84 is de 
creased as the operating member 35 is moved downward, 
the fluid in the bore 84 is actually pumped into the 
inlet bore 8i via the bore 82. Continued downward 
movement of the operating member 85 will cause the 
same to engage the damping piston 89 and carry it down 
ward, thereby compressing the separating spring 19 
and causing further pumping of fluid through a fluid path, 
which is quite restrictive to fluid flow, so as to cause con 
trolled deceleration of the member 11. This fluid path is 
via the comparatively large bore 22, the snailer bore 
125 and the very small bore 16, through which the 
fluid passes into the slot 82 to be conducted to the inlet 
bore 8i, now serving as a discharge bore for the fluid flow 
back to the reservoir, not shown, via the hydraulic fluid 
impulse generator 40. Now, when the operating mem 
ber 85 seals off the bore 32 from fluid communication 
with the bore 84, the fiuid can no longer flow via the 
very small bore 116 to the bore 82; however, a fluid path, 
highly restrictive to fluid flow, is provided via the bore 

5, in the damping piston 89, the corresponding bore 
90 in the operating member 85, and the very small cross 
bore 91, which opens to the collector groove 92, now in 
partial registration with the very small lead-off bore 93 
which communicates with the bore 94 that leads to the 
fluid reservoir, not shown. By this arrangement, the 
member 1 is brought to rest with smooth deceleration, 
as shown by the displacement curve in FIG. 7. 

FIG. 2 discloses another embodiment for the hy 
draulically operated unit 2 wherein the starting pis 
ton 108 is started by the B fluid impulse; however, the 
starting piston 568 includes a relatively smail diameter 
extension portion 86a which is disposed in a comple 
mentary bore 84a to be acted upon by the B fluid im 
pulse introduced into the housing 39 through an inlet 
bore 81a. Hence, the force on the starting piston 6) 
effected by the B fluid impulse is relatively small and 
is easily overcome by the holding force of the magnet 
13. While the operating member 85 is shown ex 
tended, it functions according to the same principles as 
the operating member 85 in FIGS. 4 and 5; that is, it 
latches out the B fluid impulse when it is in the retracted 
position, and will be moved to an unlatched position by 
the starting piston 68 when the magnet E3 becomes de 
energized, whereby the B fluid impulse moves the start 
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ing piston 08 which, in turn, then displaces the oper 
ating member 35 to the unlatched position, whereby the 
B fluid impulse is able to act upon the operating mem 
ber 85 to displace the same upwardly. A bleed bore 17 
is provided to permit fluid to flow from the bore 84 after 
the operating member is returned or restored to the po 
sition where it seals off the slot 82 from the bore 34. 
The bore 7 also provides a restrictive path to fluid 
flow upon the return of the operating member 85 so as 
to provide deceleration for the same and, in turn, de 
celeration for the member 1. The starting piston 6) 
returns under gravity, since the fluid forces are rela 
tively balanced, to the position shown in FIG. 2. 

In FiG. 3, the starting piston 09 is a piston of the 
same diameter as the operating member 85 and is slidably 
disposed within the bore 84 to act upon a reduced sec 
tion 85a of the operating member 85. This reduced 
portion 85 permits separation of the starting piston is 
from the operating member 85. The starting piston 108 
is urged upwardly by starting fluid under pressure com 
ing from an independent fluid Supply, not shown, to enter 
an inlet bore 12, the pressure of the fluid being sufi 
ciently small so that the force produced thereby may be 
overcome by the holding force of the magnet 13. Hence, 
the starting piston 160 is unable to displace the oper 
ating member 85 from the unlatched position unless per 
mitted to do so by the magnet 13, which must then be in 
the de-energized state. The force developed by the B 
fluid impulse is much greater than that developed by 
the fluid under pressure applied to the starting piston (9 
from the independent fluid supply, not shown; and, 
therefore, as the operating member 85 is displaced by 
the starting piston 08 to place the silot 82 in fluid com 
munication with the bore 84, the B fluid impulse is ad 
mitted to act upon the operating member 85 to displace 
the same upwardly and to act upon the starting piston 
109 to displace the same downwardly. The downward 
displacement of the starting piston 100 is limited by a 
fixed stop member 20 disposed to project from the hous 
ing 88 into the bore 84, as shown in FIG. 3. The fluid 
displaced as the starting piston 106 is moved downwardly 
by the B fluid impulse is absorbed in the independent sys 
ten for Supplying fluid under pressure to the bore 34 via 
the inlet bore 12i. Further, when the operating mem 
ber 85 is moved downwardly to the position where it seals 
off the slot 82 from communicating with the bore 84, 
fluid contained in the bore 84 between the end of the 
operating member 85 and the starting piston 100 flows 
through a bleed-off bore 122 to the fiuid reservoir, not 
shown. Since there is no opposing downward force act 
ing upon the starting piston 400, when the operating 
member is in the fully retracted position, the starting pis 
ton is urged by the fluid under pressure from the inde 
pendent supply to engage the extension 85a of the oper 
ating member 85. It should be noted that the bleed 
off bore 122 provides deceleration for the operating mem 
ber 65 and, in turn, for the member . 

From the immediate foregoing description, it is seen 
that several different embodiments, including a preferred 
embodiment, have been provided for the hydraulically 
operated unit i2. Each embodiment included the fea 
ture of normally latching the operating member by mag 
netic means in a position whereby the cyclically applied 
fluid impulse could not act upon the same until the 
magnetic means permitted a starting member to displace 
the operating member. Further, each embodiment in 
cluded the feature for decelerating the operating mem 
ber when the same is returned to the latched position. 
In one embodiment, the starting member is actuated by 
a starting spring and, in another embodiment, by the B 
fluid inpuise itself acting upon a reduced area of the 
starting member; while in still another embodiment an in 
dependent source of fluid under pressure is utilized to 
act upon the starting member. 

Before describing the structure of the hydraulically 
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operated unit 16, the general function of the same will 
be described. The function of the hydraulically operated 
unit () is to cyclically return the member 1 and, in 
turn, the operating member 85 to the latched position 
by bringing the member is under control of the mag 
net 13. The unit 19 also functions to decelerate the oper 
ating member 85 and, in turn, the member 13 as the 
same reaches its fully extended position. Since the unit 
i0 is to operate cyclically rather than selectively, as does 
the unit 12, the feature of atching an operating mem 
ber to prevent the cyclically applied fluid impulse from 
acting upon the same is not contained in the unit it). 

Referring to Flg.S. 4 and 5, the unit 10 includes a 
bored housing 139 having a horizontally disposed fluid 
inlet bore 31 connected to the conductor 66, FIG. 6, to 
receive the A fluid impulses. The inlet bore 131 extends 
into the housing 30 to intersect a laterally extending bore 
532 sealed off at one end by a cover plate 133 and inter 
secting a longitudinally disposed bore 134 at its other end. 
An operating member 135 is slidably disposed within the 
bore 134. The operating member 135 has one end 136 
in constant engagement with the upper side of the arm 
2 of the member 3. The other end 137 of the operating 
member 35 abuts an end 38 of a damping piston 39 
also slidably disposed in the bore 134 when the operating 
member 135 is in its fully retracted position. The damp 
ing piston 139 is very similar in structure and function 
to the damping piston 89 of the unit 2. However, the 
operating member 35 is slightly different from the operat 
ing member 85, because the operating member 135 does 
not require any fluid passage or bore for conducting any 
entrapped fluid to the fluid reservoir. The end 37 of the 
operating member 35 is exposed at all times to be acted 
upon by the A fluid impulse. 
The damping piston 139 is urged into contact with the 

operating member 135 by a compression spring 49 having 
one end bearing against the shoulders of a central bore 
241 provided in the damping piston 39 extending from 
one end 42 thereof to communicate with a smaller di 
ameter centrally located longitudinal bore 43 which 
extends to the other end 38 of the piston 139. The 
other end of the spring 46 bears against the shoulder of 
a central longitudinal bore 44 provided in a retaining 
member 245 fixed in a cap 46 to extend into the bore 
134. The cap 46 is secured to the housing 30. The 
damping piston i39 also is provided with a laterally ex 
tending bleed bore 47 which affords an escape path for 
the fluid from the central bore 43 to the bore 234. 
Downward movement of the damping piston 139 is limited 
by a stud 48 fixed within the housing 38 to extend at 
right angles into the bore i34. The damping piston E39 
is provided with a longitudinal slot 49 formed in periph 
eral Surface thereof, whereby a shoulder 50 is formed. 
The shoulder 5G engages the stud 48 so as to limit the 
movement of the damping piston 139. By the arrange 
ment just described, the operating member 35 is moved 
downward from its position shown in FIG. 5, when the 
A fluid impulse enters the inlet bore 131, and passes 
through the bore 332 to act upon the end 37 of the op 
erating member 35. Further, the operating member 
535 carries the member 11 downward, whereby, when the 
operating member 135 is fully extended, the V-shaped end 
15 of the member 11 is seated upon the core of the magnet 
13. During the downward movement of the operating 
nnenber 35, the damping piston 39 separates therefrom 
as it tries to follow the operating member moving at a 
faster rate determined by the A fluid impulse, whereas 
the damping piston i39 is moving at a rate determined by 
the compression spring 140. Further, the movement of 
the damping piston 39 is arrested when the shoulder 156 
of the groove 49 therein engages the stud 48, while the 
operating member 35 continues in its downward 
movement. 
With the end 5 of the member carried to the position 

where it is seated upon the core of the magnet 13, the 
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same does not have to perform any work because it does 
not have to move its armature, which, in this example, 
is the end 15 of the member 15. The magnet 13 exercises 
a control function only. 
With the operating member 135 in the fully extended 

position, the same will not be retracted unless the magnet 
13 becomes de-energized so as to permit the starting 
spring 107 to displace the starting piston i90, so as 
to move the operating member 85 to an unlatched posi 
tion, whereby the B fluid impulse is able to act upon the 
same to carry it upward. Of course, if the magnet 13 is 
not de-energized to permit this action to take place, the 
A fluid impulse will not cause any further displacement of 
its associated operating member 135; and the B fluid 
impulse is latched out from acting upon its associated 
operating member 85. 
When the member i is displaced upwardly by the 

operating member 85, the operating member 135 is 
also carried upwardly. As the operating member 135 
is carried upwardly, fuid is forced or pumped from 
the bore 134 into the bore 132 to be returned via 
the inlet bore 13 and the fluid impulse generator 40 
to the fluid reservoir. Further, when the end 137 of the 
operating member 135 engages the end 138 of the damp 
ing piston 139, the same will be carried upward, whereby 
the fluid contained between the retaining member 145 
and the end 142 of the damping piston 139 and the 
fluid within the bores 14S, 43 and 144 will escape 
through the narrow bleed bore 147 to the bore 132. 
The fluid escapes through the bleed bore 147 which of 
fers high resistance to fluid flow; hence, the operating 
members 85 and 35 and the member is all move at a 
decelerated rate, as shown in the displacement curve in 
FIG. 7, until the operating member 85 is fully extended, 
as in F.G. 5. 
From the foregoing just described, it is seen that 

the hydraulically operated unit 16 acts to restore the 
member 11 and operating member 85 to a latched posi 
tion. Whether or not the member 1 and operating mem 
ber 85 are in fact restored depends upon if they, in fact, 
had been extended. Further, it is seen that the unit 10 
functions to decelerate the member 1 and operating 
member 85 as the same approach the fully extended 
position. 

While the unit 2 operates broadly as an actuator for 
selectively reciprocating an element and the unit it acts 
to restore the unit 2 and reciprocated element to a home 
or restored position, the invention finds particular applica 
tion in placiling machines for selectively punching record 
cards. it is not only desirable to selectively perforate 
record cards according to a particular code, but the ma 
chine perforating the record cards should have the facility 
for operating at very high speeds, so as to be able to keep 
up to some extent with the rate that information can be 
furnished to the punching machine. In this instance, 
the invention may be incorporated in a punching machine 
to provide selective punching at a relatively rapid rate. 
The invention successfully increases punching speed ap 
proximately threefold over that speed successfully ob 
tained by devices known heretofore. 
The general schematic arrangement of the punching 

machine is shown in FIG. 8. Blank cards 175 contained 
in a hopper or magazine, not shown, are advanced in 
seriatinn by a conventional picker knife 76, operated in 
the conventional manner, to a pair of cooperating feed 
rollers 77. The feed rollers 77 are driven from an 
intermittent hydraulic drive 78, shown schematically, 
through a gear train 79. The intermittent hydraulic 
drive 78 may be of the type described in the applica 
tion of S. C. Titcomb, Serial No. 698,840, filed Novem 
ber 25, 1957, issued as Patent No. 2,938,501. As the 
blank cards 75 are fed by the feed rolls 177, they pass 
between conventional sensing brushes 180 and a con 
tact roll 18i to a pair of cooperating feed rollers 182, 
which are also driven from the intermittent hydraulic 
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drive 178. By means of the hydraulic drive 178, the 
feed rollers i82 feed the blank cards 175 in successive 
increments at high speed into punching position relative 
to the punches 6. 
The cards E75 advance from the feed rollers 82 to a 

pair of feed rollers 183, also driven from the intermit 
tent hydraulic drive A78. The feed rollers 83 feed the 
cards 75 between sensing brushes 84 and contact roll 
185 to cooperating feed rollers i86 which feed the cards 
:75 to a card stacker, not shown, to form a stack of 
punched cards 187. 
As the blank cards 175, FIG. 4, are fed relative to 

the punches 16, the magnets 3 for controlling the move 
ment of the members Ei are selectively de-energized. 
The impulses for selectively causing the magnets A3 to 
become de-energized may come from a card reader or 
from the results of analyzing a pattern card 188 leading 
a group of the blank cards '75, as described in the patent 
to C. D. Lake, Patent No. 2,032,805. The perforations 
in the pattern card 188 are analyzed by the brushes 184, 
thereby permitting the closing of a circuit diagrammatical 
ly shown for one order, as from line L, contact roll 185, 
through brush i84, conductor 189, magnet 13 to line L. 
The magnet 13, normally latched or energized, is of the 
type which unlatches or becomes de-energized when it 
receives an impulse. When the brush 184 senses a per 
foration at an index position of the pattern card, the 
corresponding indeX position of the following blank card 
175 is over one of the punches 6; and, as a result of de 
energization of the magnet i3 and a B fluid impulse 
applied to act upon the operating member 85, the blank 
card 175 is perforated by the associated punch 6. After 
the first blank card is perforated, it may act as a pattern 
card for the following blank cards of the group, as is 
well known in this form of card punching machine. 
Once punching takes place, it is necessary to restore 

the punches i6 to enable a subsequent punching oper 
ation. The punches 6 are restored as the A fluid im 
pulse acts upon the operating members 35 which, in 
turn, act upon the arms 23 of the members 15 carrying 
the punches 6. 

Referring to FIG. 7, it is seen that, during the time 
that the B fluid impulse is applied, one of the magnets 
13 becomes de-energized, whereby the starting spring 
87, FIG. 5, displaces the starting piston (36 which, in 

turn, 1 noves the damping piston 89 to unlatch the oper 
ating member 35, whereby the 8 fluid impulse acts upon 
the same to move it upwardly at a rapid rate. The start 
ing piston 160 is driven against the stop 295 by the 
B fluid impulse, thereby compressing the spring i07; 
while the damping piston 39 separates from the operat 
ing member 85 and follows it at a rate determined by 
the spring 110 until the shoulder i4 engages the stud E. 13. 
The operating member 83 carries the member is and 

thereby the associated punch element 6 upward. The 
operating member 135 is forced upward, whereby fluid is 
forced out of the bore 34 and back to the fluid reservoir 
via the bore 532, the inlet bore 31 and the fluid impulse 
generator 40. Escape of the fluid from the bore 34 to 
the bore 32 takes place through the bleed bore 47 after 
the operating member 35 engages the damping piston 
E39. Hence, the damping piston 39, by means of the 
bleed bore 47, decelerates the punch as it reaches the 
end of its stroke, as in FIG. 5. Referring back to 
FiG. 7, it is seen that as the punch 6 reaches the end 
of its stroke, the A fluid impulse is admitted into the 
bore 31 to act upon the operating member 135. The 
operating member 35 separates from the damping 
piston 39 which moves at a slower rate in the same 
direction as the operating member 35 under action of 
the spring 48). The end 5 of the member 1 is carried 
into the core of the associated magnet 3, which may be 
energized at any time after the member 1 was moved 
by the B impulse, because the magnet E3 is designed to 
have a high attracting force only when its armature is 
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in close proximity to the core. With the arrnature i5 
forced to seat upon the core of the magnet E3, it will be 
held in the scated position by the energized magnet 3. 
The A impulse is so timed and has a duration such that 
the end i5 of the member 35 seats upon the core of the 
magnet 3 just before the A impulse ceases. Further, 
the armature i5 seats upon the core of the magnet 3 at 
a decelerated velocity because tile damping piston 89 
will be effective at this time to decelerate the member it. 

From the immediate foregoing, it is seen that the 
invention may be incorporated into a record card punch 
ing machine to effect selective punching at a rapid rate. 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that 
the foregoing and other changes in form and details may 
be raade therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A hydraulic actuator selectively operable in re 

sponse to cyclically applied fluid impulses comprising: a 
cylinder having an inlet for receiving cyclically applied 
fluid impulses, a fluid displaceable member disposed 
within said cylinder, said displaceable member being dis 
placeable from a first position where said member blocks 
said inlet to prevent the entry of fluid impulses to a sec 
ond position unblocking said inlet whereby fluid impulses 
are able to enter said cylinder through said inlet to act 
upon and further displace said member; starting means 
for urging said member from said first position to said 
second position to permit said fluid impulses to enter said 
cylinder, and magnetic means selectively operable to 
overcome the urging of said starting means to hold said 
member in said first position to prevent fluid impulses 
from entering said cylinder. 

2. A hydraulic actuator selectively operable in re 
sponse to cyclically applied fluid impulses comprising a 
cylinder having an inlet for receiving cyclically applied 
fluid impulses; an operating member slidably disposed 
within said cylinder; said operating member being dis 
placeable from a first position where said operating mem 
ber blocks said inlet to a second position unblocking said 
inlet whereby said fluid impulses are able to enter said 
cylinder through said inlet to further displace said mem 
ber; a control magnet; a work member having one por 
tion adapted to engage said operating member and an 
other portion under control of said magnet whereby, 
when said magnet is operated, said work member is 
held in a position to hold said operating member in said 
first position to prevent fluid impulses from entering said 
cylinder; and a starting member operably controlled by 
said magnet to act upon said operating member to dis 
place the same to said second position to permit fluid im 
pulses to enter said cylinder. 

3. A hydraulic actuator according to claim 2 wherein 
said starting member comprises a spring having a force 
controllable by said magnet, 

4. A hydraulic actuator according to claim 2, said 
starting member comprising: a piston of reduced di 
ameter, and a cylinder for slidably containing said piston 
and receiving said fluid impulses whereby a starting force 
controllable by said magnet is developed. 

5. A hydraulic actuator according to claim 2 wherein 
said starting member comprises a piston; and a cylinder 
for slidably containing said piston to permit the same to 
act upon said operating member, said cylinder having an 
inlet for receiving fluid under pressure to develop a start 
ing force controllable by said magnet. 

6. A hydraulic actuator selectively operable in re 
sponse to cyclically applied fluid in mpulses, a cylinder 
having an inlet for receiving cyclically applied fluid im 
pulses, an operating member slidably disposed in said 
cylinder to be moved relative thereto by said fluid im 
pulses, cyclically operable restoring means for moving 
said operating member to a first position to block said 
inlet and thereby prevent fluid impulses from entering said 
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cylinder, magnetic means selectively operable to hold said 
operating member in said first position to block said inlet 
to prevent fluid impulses from entering said cylinder, and 
a starting means normally urging said operating member 
to a second position to permit fluid impulses to enter said 
cylinder. 

7. A hydraulic actuator according to claim 6 wherein 
Said restoring means includes means for decelerating 
Said operating member after the same is displaced by fluid 
impulses. 

8. A hydraulic actuator according to claim 7 further 
comprising: means for decelerating said operating mem 
ber as the same is being restored by said restoring means. 

9. A hydraulic actuator according to claim 8 wherein 
said magnet limits the movement of said operating mem 
ber as the same is being moved by said restoring means. 

10. In a punching machine, a slidably disposed punch 
element movable from a starting position to a punching 
position and therefrom to a restored position; actuating 
means for moving said punch element from said starting 
position to said punching position and back to said re 
Stored position, said actuating means being prevented 
from acting upon said punch element with the same in 
Said restored position; control means selectively operable 
to hold said punch element in said restored position, 
whereby said actuating means is prevented from moving 
Said punch element; and starting means operable under 
control of said control means for moving said punch ele 
ment from said restored position to said starting position. 

11. In a punching machine, a slidably disposed mem 
ber carrying an armature element on one end and a 
punch element at the other end thereof with an arm fixed 
to project outwardly therefrom intermediate the ends 
thereof; a first bored housing, including a first slidable 
operating member, having one end normally abutting 
one side of Said arm and the other end adapted to en 
gage one end of a first decelerating member having its 
other end in engagement with a starting member, a starting 
biasing means for urging said starting member to move 
said first decelerating member and, in turn, the first op 
erating member, and a separating biasing means normally 
urging said first decelerating member away from said 
starting member, said starting biasing means having a 
force overcoming said separating biasing means; a second 
bored housing, including a second slidable operating mem 
ber, having one end normally abutting the other side of 
Said arm and the other end thereof adapted to engage one 
end of a second decelerating member, and means for 
biasing Said second decelerating member into engagement 
With said other end of the second operating member; 
means for cyclically applying fluid impulses alternately to 
said first and Second housings so as to displace the operat 
ing members disposed therein if the same are in posi 
tion to be acted upon at the time said fluid impulses are ap 
plied; and a magnet selectively energized to hold said 
armature against movement when the same has been posi 
tioned in proximity of said magnet, whereby said arm 
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is holding said first operating member of said first bored 
housing in position to prevent the fluid impulses applied 
thereto from acting upon said first operating member 
disposed therewithin. 

12. In a punching machine, a bored housing including 
a slidable operating member disposed therein adapted to 
be displaced so as to project from said housing by fluid 
impulses applied to said housing, said operating member 
being positionable to a latched position to prevent said 
fluid impulses from acting thereupon; a work member 
slidably disposed relative to said bored housing and carry 
ing an armature element at one end and a punch element 
at the other end thereof with an arm fixed to project out 
wardly therefrom intermediate the ends thereof, said arm 
normally abutting said operating member; restoring means 
cyclically operable to move said arm so as to carry said 
operating member to said latched position; starting means 
for urging said operating member from said latched posi 
tion to a position whereby said fluid impulses can act to 
displace said operating member so as to displace said 
Work member; and magnetic means selectively operable 
to hold said armature against movement when the same 
is positioned in proximity of said magnet by said restoring 
CaS. 

13. In a punching machine according to claim 12, 
wherein said restoring means includes decelerating means 
for decelerating said work member as the same is dis 
placed by said operating member. 

14. In a punching machine according to claim 13, 
further comprising: means for decelerating said operating 
member as the same is moved to the latched position by 
said restoring means. 

15. Hydraulically operated apparatus comprising: a 
bored housing including a slidable operating member 
adapted to be displaced so as to project from said housing 
by fluid impulses applied to said housing, said operating 
member being positionable to a latched position to pre 
vent Said fluid impulses from acting thereupon; means 
cyclically operable to move said operating member to the 
latched position; starting means for urging said operating 
member from said latched position to a position whereby 
said fluid impulses can act to displace said operating 
member So as to project from said housing; and magnetic 
means Selectively operable for overcoming said starting 
means to prevent said operating member from being 
moved to said position whereby said fluid impulses can 
act to displace said operating member. 
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