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' This-invention relates to hydraulic systems'in i" 
which a hydraulic motor cylinder is to be actu 
ated through a desired fraction of its full stroke 
and automatically stopped when it has moved 
the desired distance. 
An object of the invention is to providea'sim 

ple and “practicable stroke control for a ‘hydrau 
licmotor. " ' ' ' v ‘ “ 

' Another object is to provide a stroke control 
mechanism mounted on the motor cylinder that 
can’ _be-‘a‘djusted to vary the stroke from a re 
mote‘ point, vand will retain its adjustment in 
service- ' ‘ ‘ 

"A speci?c object is to provide a system in which 
a stroke-control actuator on the piston rodtof a 
hydraulic motor‘is readily adjustable along the 
rod byremote control without being subject to 
creeping in service. i ‘ - 

‘ Other more vspeci?c objects andzfea‘tures of 
the invention will appear from the'description to 
follow} ' - - - -~ 

It has been proposed by others to provide stroke 
length‘ control of a hydraulic motor cylinder; by 
mounting an‘actuating collar on the piston rod 
in frictional enegagement therewith, the collar 
when moved near ‘the cylinder engaging a trigger 
andractuating a triggervmechanism_ that closes a 
valve in the hydraulic circuit to stop the motor. 
It has further been proposed to enable setting of 
the collar from a remote point by providing an 
electro-magneticallyi controlled latch on the end 
ofrthe motorcylinder to hold the vcollar against 
movement with the piston rod while the latter is 
shifted out of the cylinder, to thereby change the 
position of the collar on therod. .' 

The" present invention contemplates providing 
an armature onthe collar sothat the lattercanbe 
directly held by an electro-magnet on the cylin 
der without resort to alatch. IAproblem- with 
such a system is that if the trigger projects suf 
ficiently, from thecylinder. to always stop the 
piston rod while thetcollar' is appreciably spaced 
from the cylinder,.:the electro-magnet is‘ unable 
to hold the ‘collar against. the friction of the 
rod, because of the air gap in .the magnetic cir 
cuit. On the other ‘hand, if the‘ trigger is pro 
jected a lesser. distance,‘ the armature on the 
collar maysometimes strike the electro-magnet 
before the rod ‘has stopped its inward movement,v 
thereby shifting the collar ‘out of its desired posi 
tion of adjustment on the rod. The shift oc 
curring'on a single stroke is slight, but is cumula 
tive ‘durin'g' successive strokes and can soon be 
come? serious.‘ ‘ , I’ 

I ‘The désci‘ibed‘d'efect is eliminated in accord‘ 

2 
ance with the present invention by providing a 
limited amount of lost motion between either the 
armature and the collar that is in frictional en 
gagement with the piston rod, or in the magnet 
structure, so “that although the trigger adjust 

‘ ment is such as to stop the piston rod before the 
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during the resetting operation. 

collar can be shifted along the rod by abutment 
of the armature against the electro-magnet, the 
armature and electro-magnet are brought into 
close relation in response to energization ‘of the 
magnet, thereby eliminating the air gap in the 
magnetic circuit and enabling the magnet to 
hold the collar against movement with the rod 

Certain speci?c embodiments of the invention 
will now be described in detail with reference to 
the drawing, in which: ‘ 

Fig. l is a'schematic diagram of a hydraulic 
motor cylinder system incorporating the inven 
tion. > - 

‘ Fig. 2 is a detailed longitudinal section through 
one end of the hydraulic cylinder of Fig. 1; and 

Fig. 3 is a sectional View showing an alternative 
arrangement to that of Fig. 2‘. 
Referring to Fig. 1 there is shown a hydraulic 

motor cylinder Iii containing a piston which‘ is 
connected to a piston rod I2 projecting from the 
right end of the cylinder, and having at its outer 
end the usual connector I3 for coupling it to a 
device to be operated thereby. The cylinder has 
hydraulic lines Id and I5 extending from its re 
spective ends to a 4-way valve I6, which can be 
operated to connect either one of the lines I4 or 
I5 to a, pressure supply line I‘! while connecting 
the other to an exhaust or return line I8. 
The valve [6 is of the solenoid type whereby it 

can be electrically actuated from a distance. 
Thus it is provided with an “in” solenoid I9 and 
an “_out” solenoid 29. When the “in” solenoid. I9 is 
energized the _valve connects the motor line I5 
to the pressure supply line i‘! and connects the 
motor line I4 to the exhaust line I8, thereby mov 
ing the piston rod I2 into the cylinder I0. On 
the other hand, when the “out” solenoid is en 
ergized it connects the motor line I4 to the pres 
sure line Ill and connects the motor line I5 to the 
exhaust line I8, thereby moving the piston rod 
I2 out of the cylinder Ill. 
A pair of regular control switches 22 and 23 

are provided for normally controllingv movement 
of the motor I 0, and a pair of stroke-setting 
switches 24 and 25 are provided for the purpose 
of readjusting the automatic stroke-limiting 
mechanism of the invention.‘ 
When the switch 22 or 23 is closed, the piston 



3 
rod I2 moves a predetermined distance and opens 
a limit switch located in the cylinder II] and con 
nected in series with the switch 22 or 23 that was 
closed, thereby automatically returning the valve 
to neutral and stopping the motor. 
When the switch 25 is closed, the solenoid I9 

is energized independently of the limit switch to 
move the piston rod I2 inwardly until the switch 
25 is opened. The switch 24 operates similarly 
to produce outward movement of the piston rod. 

Referring to Fig. 2, one of the normally closed 
limit switches 21 is opened in response to move 
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ment of the piston rod I2 into a ?xed, right limit ' 
position, and this switch completes a circuit from 
ground over a conductor 28 to the “out” switch 
22. One contact 27a of the switch 2? is connected 
to the conductor 28, and the other contact 21b 
is grounded to the cylinder. However this con 
tact 21b is mounted on a lever arm 21c fulcrumed 
on the cylinder at 2811, and the opposite end of 
the lever arm 210 is contacted by a cam surface 
Ila on the piston II of the motor as the latter 
approaches the right end of the cylinder ill, to 
open the contact 21b away from the contact 27a. 
A limit switch 30 limits inward movement of 

the piston rod I2. This switch comprises a ?xed 
contact 30a which is grounded to the cylinder, 
and a movable contact 30b which is insulatingly 
supported on the cylinder and is connected 
through a conductor 3I to the “in” switch 23. 
The switch contacts 30a and 36b are normally 
closed but are adapted to be opened by inward 
movement of a trigger 33 which consists of a 
rod slideably mounted in a passage 34 in the 
cylinder end. The trigger 33 projects beyond 
the outer face of the cylinder and is adapted to 
be contacted by a trigger actuator 35 mounted 
on the piston rod I2. When the actuator 35 con 
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when the switch 22 is closed, the solenoid 20 is 
energized to supply-pressure ?uid to the motor 
{line I4 and move the piston II to the right until 
the cam surface IIa thereon opens the switch 21 
thereby automatically de-energizing the solenoid 
20 and stopping the motor. ,When the “out set” 
switch 24 is closed, the terminal 20b of the sole 
noid 20 is connected directly to ground so that 
pressure ?uid is supplied to the motor line I5 
as long as the switch 24 remains actuated. 
The switch 24 carries auxiliary contacts 24a 

which complete a circuit from the battery 36 
over a conductor 39 to an electro-magnet 4i) posi 
tioned in the end of the cylinder II], the other 
terminal of this electro-magnet being grounded. 
The “out set” switch 24 is commonly used to 
reset the actuator 35 to a new position on the 
piston rod I2 during outward movement of the 
latter. The result is to reset the actuator 35 
inwardly on the piston rod I2, but the switch 24 
is referred to as the “outset” switch because it 
resets the actuator 35 during outward movement 
of the piston rod. 
Let it be assumed that the “in” switch 23 was 

last actuated to move the piston rod I2 inwardly 
until the actuator 35 contacted the trigger 33 and 
opened the switch 30 to stop the motor, as shown 
in Fig. 2. Let it now be assumed that the op 

- erator desires to reset the actuator 35 to the left 
30 

35 

tacts the trigger 33 as a result of the inward _ 
movement of the piston rod I2, it opens the con, 
tact 301) off the contact 30a thereby breaking the 
ground return circuit to the “in" switch 23 and 
closing the valve I6. 
The operation of the electrical and hydraulic 

systems'may be traced as follows: A battery 35 
(Fig. 1) has one terminal connected to ground, 
and the other terminal connected to one terminal 
I9a of the solenoid I9 and to one terminal 20a 
of the solenoid 20, so that by connecting the 
other terminals I9b and 20b of the solenoids to 
ground they will be energized. The terminal 
I 91) is connected to one terminal of the switch 25 
and of the switch 23. The other terminal of 
switch 23 is connected, as previously described, 
by the conductor 3| to the limit switch 30 which 
is actuated by the actuator 35 on the piston rod 
I2, so that closure of switch 23 causes the piston 
TOd to move inwardly a predetermined distance 
and automatically stop. 
The “in set” switch 25, on the other hand, 

connects the solenoid terminal I9b directly to 
ground so that when this switch is closed the 
Valve I6 will remain energized to continue to 
supply pressure fluid to the motor line I5 as long 
as the switch 25 is closed. Hence this switch is 
pressed when it is desired to move the piston rod 
I2 beyond the distance for which the actuator 
35 is set. Ordinarily the switch 25 is used when 
it is desired to reset the actuator 35 outwardly 
along the piston rod. 
The terminal 201) of the solenoid 2D is con 

nected to one terminal of each of the switches 
22 and 24. The other terminal of the “out” 
switch 22 is connected as previously described, 
by the conductor 28 to the switch 21, so that 
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along the piston rod I2, so that the actuator 35 
will contact the trigger 33 earlier and stop the 
piston II after a shorter stroke. The operator 
resets the actuator 35 by closing the switch 24 
and holding it closed while the piston rod I2 
travels to the right into the new position which 
is thereafter to constitute its left or inward 
limit position. Closure of the switch 24 simul 
taneously completes two circuits, one to the sole 
noid 20 to actuate the valve I6 and supply pres 
sure ?uid through the line I4 to the left end of 
the cylinder I 0. The other circuit, which is 
completed over the contacts 24a of switch 24 and 
the conductor 39, energizes the electro-magnet 
40, causing it to attract the actuator 35 and hold 
it against the cylinder while the piston rod I2 
is moving outwardly. Obviously, in order to be 
effective, the magnetic pull of the electro-mag-' 
net 40 on the actuator 35 must be‘ greater than 
‘the resistance to sliding movement of the ac 
tuator along the piston rod I2. 
When the piston rod I2 has been moved into 

the desired new limit position, the “outset” 
switch 24 is opened and the “out” switch 22 is 
closed. Thereupon the electro-magnet 40 is de 
energized so that during movement of the piston 
rod into its ?xed outer end position the actuator 
35 travels with the piston rod away from the 
trigger 33. During the next inward stroke pro 
duced by closure of the “in” switch 23, the ac 
tuator 35 contacts the trigger 33 and automatical 
ly stops the piston in the new limit position. 

If it is desired to adjust the actuator 35 into 
a new position further out on the piston rod I2, 
this operation is performed by closing the “in set” 
switch which energizes the valve solenoid I9 
independently of the limit switch 30, so that the 
rod I2 continues to travel after the actuator 35 
has contacted the trigger 33 and the electro 
magnet 40, until the operator opens the switch 25. 
A system as so far described, if it had an actu~ 

ator 35, the magnet-contacting armature por 
tion of which was in direct frictional engagement 
with the piston rod I2, would have the defect 
that the actuator 35 would be subject to creep 
ing along the rod I2. In other words. it would 
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.not retain its setting. The reason for this is 
that in order for the electro-magnet 40 to hold 
the actuator 35 during outward movement of 
the piston rod .12, there must be no air gap in 
the magnetic circuit between the magnet 40 
and the actuator 35. Hence, the trigger 33 would 
have to be so short that it would not be depressed 
su?iciently to open the switch 3i} until the actua 
t0_1"35_' was substantially against the face of the 
electro-magnet 40. This would result in a very. 
critical adjustment of the length of the trigger 
33.1 If it were slightly too long, the actuator 35 
would be stopped a distance from the electro~ 
magnet 41} such-that the air gap in the magnetic 
circuit would prevent the magnet from holding 

‘the actuator during outward movement of the 
rod I2 during.aresettingoperation. In other 
Words, the reset mechanism would become in 
operable. on the other hand, if the trigger 33 
was too short, the actuator 35 would abut against 
the eleotro-magnet 40 at the end of the stroke 
before the rod stopped, thereby shifting the actu 
ator 35 outwardly a short distance on the rod. 
The amount of shift on each stroke might be very 
slight, but it would be cumulative and could soon 
displace the actuator 35 a substantial distance 
from its desired position. ' 
-'The present invention deals with the men 
tioned defects and overcomes them by providing 
for some free movement in the magnetic sys- - 
tem to'permit the actuator 35 to closely contact 
the electro-magnet All when the latter is ener 
gized, without abutting against the electro-mag 
net during normal operation. 
In the embodiment shown in Fig. 2 the desired 

result is obtained by forming the actuator 35 as 
two elements 3'! and 38, the ?rst of which is in 
tight frictional engagement with the rod, and 
the second of which is slideable freely on the 
piston rod [2. As shown, the ?rst element 37 is 
in the form of a coil spring which tightly en 
circles the rod l2, and the length of element 3‘? 
is less than the groove 38a in the element 38 in 
whichthe element 31 is located. 
During normal operation, the elements 3? and 

38 remain in the relative positions shown in 
Fig'ii2. Furthermore, the length of the trigger 
33 is such that the switch 30 is opened to stop 
the left or inward movement of the rod l2 while 
the actuator element 38 is still substantially 
spaced‘ from the electro-magnet 40, as shown in 
Fig. 2.‘ This space is such as to insure that the 
element 38 will never contact the electro-magnet 
40 in ‘response to normal movement of the rod 
l2.‘ However, when it is desired to reset the 
actuator 35 leftward along the rod l2 by actua- ' 
tion of the “out set” switch 24, the electro-magnet 
40, when energized, is able to pull the actuator 
element 38 into direct contact because of the lost 
motion between the actuator elements 3‘! and 38. 
This lost motion between the parts 3'! and 38 
should be no greater than the gap between the 
face of the member 31 and the electro-magnet All 
during normal operation. The movement of the 
armature element 38 against the face of the 
electro-magnet further depresses, the trigger 33, 
but the switch 36 has enough yield to permit it. 

It is to be noted that the element 38 of the 
actuator 35 is formed in two parts brazed to 
gether. The center or collar portion 3&1 en 
gages the piston rod l2, and is made of brass or 
other non-magnetic metal, whereas the arma 
ture portion 38b is made of iron or other para 
magnetic metal. This prevents direct contact 
between the armature portion 38b and the piston 
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6 
rod l2. It has been found that if the portion 
of the actuator in direct contact with the piston 
rod (which is usually steel) was of para-magnetic 
material the magnetic attraction between the 
element 38 and the piston rod could be so strong 
as to cause them to adhere and interfere with 
the desired movement of the armature to close 
the air gap between it and the electro-magnet'. 
It is also preferable to make the coil spring ele 
ment 3'! of non-magnetic mate-rial such as brass, 
so as not to increase the friction between it and 
the piston rod I? by stray flux during the resetting 
operation when the electro-magnet is energized. 
An alternative construction is shown in Fig. 3. 

In this instance, the actuator 35! has no lost 
motion with respect to the piston rod l2. Thus 
the inner, rod-gripping element 3'“ completely 
?lls .the space within the element 38!, so that 
the two elements can move only as a unit along 
the rod. As in Fig. 2, the trigger 33l is of such 
length as to stop the actuator 35! a safe distance 
from the face of the electro-magnet 40! during 
normal operation, to prevent objectionable creep 
ing of the actuator along the rod. However the 
electro-magnet structure is provided with slide 
able rods 5!) of para-magnetic material which are 
projectable a limited distance beyond the face of 
the electro-magnet. When the electro-magnet 
is energized, these rods 55 are attracted to the 
actuator 35 l, and move outwardly until they con 
tact it. The cross-sectional path provided by 
the rods 50 is suf?cient to establish a strong flux. 
Since, as is well known, a flux path tends to 
shorten itself, the rods 50 will slide to the left 
permitting the actuator to abut against the elec 
tro~magnet so that it will be positively held 
against the frictional pull of the piston rod as 
the latter moves to the right. 

It will be understood that the core 46a of the 
electro-magnet 48 is of iron or other para-mag 
netic material, to produce a strong flux and high 
holding power with a reasonable expenditure of 
power. The core 40a is spaced from the piston 
rod 12 to reduce leakage flux through the rod. 
Although for the purpose of explaining the in 

vention a particular embodiment thereof has been 
shown and described, obvious modi?cations will 
occur to a person skilled in the art, and I do not 
desire to be limited to the exact details shown 
and described. 
We claim: 
1. In a device of the type described: a motor 

cylinder containing a piston having a piston rod 
projecting from the cylinder; valve means for 

' controlling ?uid flow to and from said cylinder 
to move said piston rod in either direction; a 
trigger on said cylinder, a trigger actuator fric 
tionally engaging said piston rod for actuating 
said trigger in response to predetermined move— 
ment of said rod into said cylinder, and means 
responsive to actuation of said trigger for clos 
ing said valve means to stop said piston rod; a 
selectively energizable magnet structure includ 
ing a stationary electro-magnet and an arma 
ture on said actuator for selectively holding said 
actuator against said electro-magnet despite the 
frictional drag of said piston rod during outward 
movement thereof; said trigger being so propor 
tioned as to be actuated by said actuator prior to 
contact of said armature with said electro-:nag~ 
net; and means providing limited motion between 
portions of said magnet structure with less re 
sistance than that afforded by said frictional en 
gagement between said actuator and said piston 
rod, for enabling abutment of said armature 
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against said eléétro-niagnet without slippage be 
tween said actuator and rod at said frictional en 
gagement therebetween. 

2. A device according to claim 1 in which said 
actuator comprises a first element in direct fric 
tional engagementwith said piston rod, and a 
second element having limited free longitudinal 
movement with respect to said ?rst element, said 
armature being mounted on said second element. 

3. Apparatus according to claim 2 in which said 
second element is of non-magnetic material and 
is freely slidable on said piston rod, and said 
armature is spaced from said piston rod. 

4. A device according to claim 3 in which said 
armature contacts and actuates said trigger prior 
to contact of said armature with said electro 
magnet, and said means responsive to actuation 
of said trigger is yieldable to permit movement of 
said armature against said electro-magnet in re 
sponse to energization thereof. 

5. A device according to claim 1 in which said 
actuator comprises a ?rst element consisting of 
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a helical spring encircling said piston rod in grip; 
ping relation therewith, and a second element 
freely slidable on said rod and de?ning with said 
rod a chamber containing said ?rst element, said 
chamber being longer than said ?rst element, and 
said armature being mounted on said second ele-' 
ment. 

6. A device according to claim 1 in which said 
electro-magnet comprises a paramagnetic core 
structure including a stationary portion having 
an armature-contacting face, and an auxiliary 
portion in longitudinal sliding contact with said 
stationary portion and having an armature-con‘ 
tacting face, said auxiliary portion being movable 
between a position in which its face is ?ush with 
said face of said main portion and a position in 
which its face is projected beyond the face of said 
main portion. 
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