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ABSTRACT: A hydraulically operable linear motor compris 
ing a cylinder and a piston reciprocable in said cylinder and 
having one side connected with a piston rod extending 
through said cylinder so as to de?ne on said one piston side an 
annular effective surface which is continuously subjected to 
the working pressure while the other side is alternately sub 
jected to the working pressure and to an exhaust pressure, 
hydraulically operable control valve means governing the 
communication of said other side with the working pressure 
and the exhaust pressure while groove means in said cylinder 
at both sides of said piston and communicating with said con 
trol valve are controlled by said piston. 
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HYDRAULTCALLY OPERABLE LINEAR MOTOR 
The present invention relates to a hydraulically operable 

linear motor with a piston which is reciprocable in the cylinder 
and has an annular surface connected to the piston rod con 

- tinuously subjected to the working pressure of a ?uid while the 
end surface of said piston is, by means of a hydraulically 
operable control valve. alternately subjected to the working 
pressure and the exhaust pressure. 7 ' , ' 

The hydraulic actuation of the control valve is preferable 
over a mechanical actuation by cams, levers, or the like, espe 
cially at higher frequencies ‘and when actuating impact 
masses, for ‘instance’, in connection with pile drivers, presses, 
and the like. Such‘ hydraulic actuation, however, has certain 
drawbacks with the heretofore known designs according to 
which the reciprocatory piston itself is provided with cor 

; responding control edges and recesses. ln‘this connection it 
_ may be mentioned that the working cylinder, in view of the 
required axial length of the piston,'has to have at least twice 
the length of the piston stroke. This is particularly undesirable 
when a larger working ‘stroke is necessary. Moreover, a 
changein the‘ working stroke and thereby in the working 

9 frequency will not be possible with constant working pressure. 
It is,>therefore, an object of the present invention to over 

come the above mentioned drawbacks. 
It is another object of this invention to provide'a hydrauli 

cally operable linea'r'motor with reciprocatory piston which 
will make it possible to design the working cylinder only 
slightly longer than the piston stoke, and which‘will also make _ 

> 30 

will appear more clearly from thefollowing speci?cation‘in, 
connectionwith the accompanying drawings, in which: 

it possible tovary the speed of the working frequency. 
These and other objects and advantages of the invention 

' < 2 

control valve 7 for e?‘ecting a control adjustment is e?’ected 
hydraulically, for instance, in the following manner. 
Through the intervention of one hydraulic throttle each ll, 

12 and 13 a conduit section 14 communicates with two annu 
lar grooves 15 and 16 in the working cylinder 1 and with a 

- passage 17 leading to the exhaust line 9. The control pressure 
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FIG. 1 shows a longitudinal section through a ?rst embodi- ' 
ment of the present invention. - 

' F K). 2 represents a_ section through a modi?ed embodiment 
of the invention which makes it possible to in?uence the work 
‘ing frequency by changing the piston stroke. 
The hydraulically operable linear motor according to the 

present invention is'characterized primarily in that the varia 
ble control pressure for actuating the control valve is formed‘ 
in a conduit section which communicates with two'annular 
grooves in the working cylinder which‘ grooves are alternately 
covered up by the reciprocatory piston,>the conduit section 
also communicating with the exhaust line through a hydraulic 
throttle. With this arrangement, the working piston has no 
control edges or the like and consequently canbe so short that 
the working cylinder is immaterially longer than the piston 
stroke. _ I > 

In order to be able to vary the speedof'the changes in the 
control pressure and thereby also the working frequency, the 
present invention provides that the cross sections of the throt 
tles are variable. A change in the working stroke and thus in 
the working frequency is also'possible, due to the fact that, ac 
cording to a further development of the invention, the work 
ing cylinder in the vicinity of that end thereof which is al 
ternately subjected to the pressure in the pressure line is pro 
vided not only with one annular groove but with a plurality of 
axially serially arranged annular grooves each of which is 
adapted selectively to be connected with the conduit section. 
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Referring now more speci?cally to the drawings, the work- ' 

ing cylinder 1 of the linear motor has two working chambers 2 
and 3 which are separated from each other by the piston 5 
connnected to the piston rod 4. The end face F, of the piston 5 
delimits the working chamber 2 which through the feeding 
passage 6 and the control valve 7 is alternately connected to 
the pressure line 8 or the‘exhaust line 9, whereas the smaller 
annular surface F2, which surface F2 is‘smaller than the surface 
F 1 by the cross section of the piston rod 4, delimits the work! 
ing chamber 3. 

lf, as shown in FIGS. 1 and 2, the left-hand working 
' chamber 2 communicates with the pressure line 8, piston 5 
moves toward the right. If, however, the connection is 
established with the exhaust line 9, the piston moves toward 
the left. The necessary movement of the valve spool 10 in the , 

65 

70 

75 

p,, which' builds win this conduit section 14 acts upon the 
left-hand end face F3 of the valve spool 10. The right-hand end 
face F4 of the valve spool 10 which is somewhat less in cross 
section than the end face F3 is continuously subjected to the 
working pressure pa prevailing in the pressure line 8. The 
cylindrical inner chamber of the control valve 7 is in commu 
nication with three annular grooves 18, 19 and 20 which suc 
cessively are connected with the exhaust line 9, the feeding 
passage 6 and the pressure line 8. The valve spool 10 also has 
an intermediate recess 21. 
At a certain control pressure p,,;, which is less than the work 

ing pressure p,,, the'forces acting upon the surfaces F3 and F4 
cancel each other out. When p, increases, the valve spool 10 
moves to the illustrated right-hand end position in which the 
left-hand working‘ chamber 2 of the working cylinder is 
through the‘feeding passage 6, the annular groove 19, the 
recess 21, and the annular groove 20 in communication with 
the pressure line 8. With lower p8,, however, the valve spool 10 
moves to its left-hand end position in which the working 
chamber 2 communicates through feeding passage 6, annular 
groove 19, recess 21, and annular groove 18 with the line 9. 

' The change in the control pressure p" is brought about when 
the reciprocatory piston 5 in the working cylinder 1 covers the 
annular grooves 15 and 16 or relieves the same. The change in 
the control pressure p,, is, more speci?cally, brought about in 
the following manner. ' - . 

As mentioned above, in the illustrated position, the left 
hand working chamber 2 communicates with the pressure line 
8. Thus, in both working chambers 2 and 3 the same pressure 
p0 prevails and since the ‘surface Fl is larger than the surface 
F2, the piston 5 moves toward the right. Moreover, in the con 
duit section 14, the maximum possible control pressure p,, is 
built up because the full-working pressure p,, acts upon both 
throttles 11 and 12. 
As soon as with the piston movement toward the rightlthe 

annular groove 16 islcovered up by piston 5, the pressure p0 
acts only upon the ‘throttle l1..Consequently p8, decreases. 
When p_,, drops belowrpm, the valve spool 10 moves to its left 
hand end position in which the working chamber 2 and thus 
also‘ the throttle 11 communicates with the exhaust line 9 so 
that the control pressure p,, drops still further. The pi ton will 
then, in view of the pressure p,, acting upon the ann lar sur 
face F2 move toward the left and while doing so frees‘ ?rst the 
annular groove 16 whereby p,, increases again but remains still 
below the value pm. 
However, as soon as the piston 5 covers up the‘ annular 

groove 15, the control pressure p,‘ increases again. When p,I 
exceeds pm, the valve spool 10 again moves to its right-hand 
end position, and the next piston stroke toward the right will 
start. ' ., 

The reversal of the-piston movement could be effected also 
only when‘ the piston 5 during its leftward movement has 
completely moved beyond the annular groove 15 and the _ 
latter thereby is in communication with the right-hand work 
ing chamber 3 where the working pressure p, continuously 
prevails. This depends primarily on the selection of the cross 
sectional ratio F3:F4 and on the design of the hydraulic throt 
tles ll, 12 and 13. If the cross sections of these throttles are 
variable, it is also possible to influence‘the difference AP,, 
between the maximum and minimum control pressure in the 
'conduit section 14 and thereby the reversing period of the 
valve spool 10, in other words the working frequency of the 
linear motor. 

FIG. 2 shows another possibility of in?uencing the working 
frequency, namely by changing the piston stroke. To this end, 

j the annular groove 15 in the left-hand portion of the working 
cylinder 1 illustrated in FIG. 1 has been replaced by ?ve axi 
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ally serially arranged annular grooves 15a, 15b, 15c, 15d and 
15e. Each of 'these annular grooves (in FIG. 2 the annular 
groove 15b) is adapted selectively to be connected with the 
hydraulic throttle 11 by opening the respective pertaining 
shut-off valve 22a, 22b, 22c, 22d, 22c and closing the remain 
ing shut-off valves. The movement from one of these annular 

' grooves to another one, which‘ may also ,be interpreted as an 
axial displacement of the annular groove '15 in FIG. 1, brings 
about a corresponding change in the piston stroke and thereby 
in the working frequency. . 
The embodiment of P16. 2 furthermore differsfrom that of 

FIG. 1 in that the control valve 7 for increasing the control im 
pulse is, in the manner known per‘se, designed as servo valve 
which in its turn actuates the main control valve 7’ with the 
main control spool ‘10', valve 7’ being similar to valve 7 but 
having larger dimensions. . 
j It is, of course, to be understood that the present invention 
is, by no means, limited tothe particular embodiments shown 
in the drawings but also comprises any modi?cations within 
the scope of the appended claims, 

lclaim: 
1. A hydraulically operable linear motor, which includes: a 

cylinder having ?rst and second end walls respectively‘ ar 
~ ranged at opposite ends of 'said cylinder, a double-acting 

4 
. . ,control valve means to said second position,- said control valve 

20 

25 
piston-reciprocally mounted in said cylinder, a piston rod ex- . 
tending through one of said cylinder end walls and being con 
nected to one side of said piston so as to form on said one side - 
an annular piston surface, ?rst conduit means leading into said 
cylinderv and continuously communicating with ‘said annular 

said annular piston surface for continuouslyconveying ?uid 
pressure to said annular piston surface when said ?rst conduit 

30 
‘piston surface for continuously conveying ?uid pressure to ‘ 

means is connected to a source of ?uid pressure, second co'n- - 
duit means continuously communicating with the other side of 
said piston, controlva‘lve means interposed‘ between said ?rst 
and second conduit means and movable to a ?rst position to 
connect said second conduit means to said first conduit means 
and also movable to a second position to connect said second 
conduit means to an exhaust, said control valve means includ 
ing ?rst surface means in continuous communication with’ said 
?rst conduit means and ?uid pressure voperable to move said 

35 

means also including second ?uid operable surface means for 
moving said control valve means to said ?rst position, and a 
?uid conveying control conduit system having ?rst linemeans 
and second line meansrespec'tively leading into ‘said cylinder 
on opposite sides of said piston when the latter is in atposi't'ion 
intermediate .‘its end positionvsgsaid corit'rol conduit system also 
having third line means communicatingwithksaid second fluid 
operable ‘surface means and, also f havir'i‘g' fourth vline'mea‘ns 
communicating with saidl?r'st andseco ' and, third ‘line means 
and leading to an ‘eithati'st',,and thr'ottl mean's' réspectively'__ar 
ranged in said-?rst and second andfoii'ifthlline'me'ans; " 5' ' 

‘2. A motor "according ‘to claim 1', in \fll’llv said'?rst surface 
means has-‘a smaller sui'face'area than s'afid second surface 
means. " ,_ _. > ' I x ' 

3. A motor according to ‘claim '1‘, inkwh'ich at least one'wof 
said throttle means‘ is'ia'djus't'able“ as to its" through-‘awash 
trolling cross section. ‘ '— ' " ~' ~11“ 

4. A motor according to claim‘ 1, ‘in which said cylinder at 
the regions where said'?rst linéj'mea'ris'fan‘d'said second line 
means lead into said'cylind'erv is'provided with ‘annular grooves 
respectively communicating with said'?rst and second‘ line 
means. ‘ i I f' 

5. A motor'aceo?iing to'cla‘im‘ l, in which said cylinder in 
the 'area‘where said ?rst'line-meahs lead into said- cylinder is 
provided “with a plurality ofl‘circular grooves spaced from each 
other in the ‘axial direction 'of said cylinder and'ada'pted to be 
successively covered bysaidipis'ton‘during the movement of 
the latter‘in onea'nd-th'e ‘same direction and also adapted 
‘selectively to?be placed int'o'an‘d out of ?uid communication 
with said ?rst line means.” ~~ '1 ‘ ' 

6. A motor according to ‘claim-5, which includes a plurality 
of adjustable-throttle meansxassociated with said circular 

_ grooves and said ?rst‘line means adapted to communicate 
therewith’. _. - . v i ,_ I ~ 

7. A motor according to claim 1;»; whichtincludes'seivovalve 
-.means associatedwith said control valve means-for increasing 
the control impulses exerted upon the :latter, s'aid servovalve 

> means being interposed between and in fluid communication 
with said ?rst conduit“ means on one hand and said ?rst jand 
secondline means on the other hand. ' i 
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