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This invention relates to hydraulic motors and,
in particular, to reciprocating motors.

One object of this invention is to provide a
hydraulic motor having a reciprocating plunger
which moves at the same rate and distance as a
control member, but delivering a much greater
force than is-applied to the control member.

Another object is to provide a hydraulic motor
having a reciprocating plunger with a piston
valve member cooperating with ports in the head
of the plunger so as to provide a point-for-point
travel of the plunger with the piston valve mem-
ber, but with the output of a relatively great
force for a given force applied to the piston valve
member, )

Another object is to provide a hydraulic motor
having a reciprocating plunger with a head hav-
ing a chamber thercin with ports cooperating
with the head of a piston valve member in such
a manner as to uncover one of these poris to
permit pressure fluid to low through the plunger
head to the opposite side thereof when the piston
valve member is moved in one direction, but to
uncover another port permitting the discharge
of pressure fluid from one side of the plunger
head when the piston valve member is moved in
the opposite direction, thereby providing a fol-
" low-up motion of the plunger in correspondence
with the motion of the piston valve member.

Still'another object of the invention consists in

the provision of a hydraulic motor of the type
set forth above, in which the reciprocating plung-
er may selectively be operated semi-automatical-
ly or full automatically.
. A further object of the invention is to provide
a hydraulic motor having a reciprocating plunger
with a piston valve member operating with ports
in the head of the plunger, in which the stroke
of the reciprocating plunger is variable.

It is a still further object of the invention to
provide a hydraulic motor having a reciprocat-
ing plunger with a piston valve member cooper-
ating with ports in the head of the plunger, in
which the piston valve member is operable elec-
trically.

These and other obJects and advantages of the
invention will appear more clearly from the fol-
lowing specification in connection with the ac-
companying drawing, in which:

Figure 1 is a diagrammatic illustration of the
entire assembly of a device according to the in-
vention, while Figure 2 illustrates a detail there-
of.

/ General arrangement

In general, the hydraulic mator of this inven-
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tion consists of a cylinder with a double-acting
plunger therein. The plunger has a head with
passages from opposite sides communicating with
ports in a chamber within the head, these ports
cooperating with the head of a piston valve mem-~
ber in such a manner as to selectively open and
close one or the other of the ports. When one
port is uncovered by the piston valve head, pres-
sure fluid is enabled to engage both sides of the
plunger head and urge the latter in one direc-
tion as a result of the differential piston area
provided by the rod portion of the plunger.
When this port is covered and the other port
uncovered, however, fluid is permitted to act
against but one side of the plunger head, thereby
urging the plunger in the opposite direction.
The device gives a follow-up motion by reason
of the fact that when the piston valve head is
moved a given distance in one direction, the un-"
covering of the ports within the plunger head
causes the plunger to be moved in the same di-
rection as the piston valve head, thereby again
covering up the ports when a like distance has
been traveled by the plunger head as was trav-
eled by the piston valve head. The motor of this
invention, however, gives a greatly increased me-
chanical advantage because the force produced
by the motion of the plunger is vastly greater
than the force necessary to move the piston valve
head in one direction or the other. In other
words, a point-for-point correspondence 1is ef-
fected between the motion of the piston valve
member and the resulting motion of the plunger.

The piston valve member cooperating with the
ports in the plunger head is operable by an elec-
tric motor having a hollow shaft connected with
the rotor and provided on the inside thereof with
a thread which engages a correspondingly thread-
ed portion on the piston valve member. In this
way, fotation of the motor rotor will cause move-
ment of the piston valve member in one or the
other direction in correspondence with the ro-
tation of said rotor. The piston valve member,
furthermore, cooperates with switches controlling
the energization circuit of the motor so as to
interrupt the said energization circuit after the
piston valve member has traveled a predeter-
mined distance.

According to a further feature of the inven-
tion, the energization circuit of the motor has
associated therewith a controlling circuit to an-
able selectively manual, semi-automatic and full
automatic operation of the device.

This invention is capable of use as a servo-
motor or as an auxiliary motor for controlling
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the servomotors of large hydraulic pumps. It may
be used, however, in any position where it is de-
sired to obtain a greatly increased force with a
corresponding rate and distance of motion, such
as in controlling the positions of members in
heavy machinery, such as steel mill machinery.
Another application is for regulating the posi-
tion of the blade of a road grader so as to regu-
late the cutting depth. The invention may fur-
ther be used in connection with a smaller press
for forcing bushings, for riveting, or for assem-
bling. The device may also be used as a hy-
draulic jack or hoist.

Structural arrangement

Referring to the drawing in. detail, Figure 1
shows a preferred embodiment of the hydraulic
motor of this invention as consisting of a casing
18 with bores {§ and {2 therein, separated by an
‘annular partition i3, having a bore with a bush-
ing 15 therein. The bushing 5, which may be a

bronze bushing, fits closely around the motor

plunger 18 so as to prevent excessive leakage.
The motor plunger i6 is provided with a head {7
having L -shaped passageways I8 and {9 com-
municating with ports 20 and 2f in a sleeve 22
mounted within a longitudinal bore 23 within the
plunger head (7.
counterbore 24 to provide an annular wall 25
against which the sleeve 22 abuts.

Beyond the counter bore 28 is a longitudinal
bore or passageway 26 extending through the
plunger {6 to the cross passageways 27 opening
out into the bore {2, Beyond the cross passage-
ways 2T the motor plunger {6 passes through an
annular end wall 28, having beyond it a packing
28, compressed by a gland 30, for preventing leak-
age from the device. Threaded ports 3 and 32
open,respectively, into the bores {! and i2. The
port 31 is connected by means of a conduit 32
with one side of a variable delivery pump 34,
while the other side of the variable delivery pump
34 communicates on one hand with a conduit 35
leading to the port 32, and on the other hand
with a fluid reservoir or tank 48. A conduit 36
branching off from the conduit 33 comprises a
pressure relief valve 37 and leads to the conduit
36, The purpose of the pressure relief valve 317
consists. in relieving excessive pressure in the
conduit 33.

The inner surface of the sleeve 22 forms a bore
38 for receiving & piston valve head 39 upon a pis-
ton valve rod 40, having a reduced diameter por-
tion 4/ connected with the piston valve head 39.
Secured to the end of the sleeve 22, as by screws
42, is a retaining ring 43, for preventing the pis-

- ton valve head 39 from being withdrawn from the
bore 38, in the event that the valve rod 40 is
moved when no pressure fluid is being supplied

-at the pressure inlet port 31.

" The bore Il serves as a pressure chamber and
is provided with a cylindrical head 4 secured to
the casing {0, by any convenient means, for in-
stance by screws 45, and containing & packing 46
compressed by & gland 47, for preveri.iy leakage
around the valve rod 48. Also mourni:d veon the

cylinder head 44, by means of s¢ £%, is an
electric motor, generally desighated #%. ‘Tiiz mo-
tor 49 has a hollow shaft 50 with an inner thread

5§ engaging a correspondingly threaded portion
52 on the piston valve rod 40. The hollow shaft
86 carries the rotor 53. 'The entire assembly runs

. in ball bearings 54. The stator is indicated by
the reference numeral 58.
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The bore 23 continues in the .
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by means of screws 56, is a bracket 57, in which
is held a key 58 which engages & keyway 59 pro-
vided in the piston valve rod 48. The provision
of the key 58 and keyway 59 allows the piston
valve rod 40 to slide but not to rotate. At the
same end of the piston valve rod 48, at which

the key 58 is provided but on the opposite side

thereof, is 2 groove 60 which either acts itself as
a cam Or has inserted therein cam members 6
(see Figure 2) to actuate limit switches 62 and
63 through plungers 64 and 65 which are held
against the groove 60 or cams §! by springs 66,
61.

The motor 49 may be controlled by an electric
circuit, as shown. The double throw switch 68 is
adapted to start, stop and reverse the motor
through contactors, generally designated 69 and
70. The contactor 89 comprises an armature 71
with blades 72, 73, 74 and 75. The blades 13, 14
and 15 are adapted, respectively, to bridge the
terminals 16, 77, 18, 19, 88 and 8{. The termi-

‘nals 7§, 78 and 80 are respectively connected with

the motor through lines 82, 83 and 84. The lines
82, 83 and 84 are respectively connected through
lines 85, 86 and 87 with the terminals 88, 89 and
90, pertaining to the contactor 18.

Cooperating with the terminals 88, 89, 90, are
terminals 81, 92, 93 respectively connected with
the terminals 81, 79 and 11. The armature 94
of the contactor 76 comprises blades 95, 96, 37, 98,
adapted to bridge the terminals 88, 81, 89, 92, 90,
93, 99 and 180. The blade 12 of the contactor 6%
is adapted to bridge the terminals i01 and 162,
the latter of which is connected by a line 103
with a line 104 and the terminal {00. The line
104 is also connected with the terminals 77 and
§3 through the line 105. )

The terminal {01 communicates through the

. line 136 with a switch lever 187 which, in its
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Attached to the end of the motor, for instance 75

closed position, connects the line {86 with the
line 108 leading to the terminal 109. The termi-
nal {08 pertains to the double throw switch 68
and is adapted to be contacted with a switch
lever {10 of the double throw switch 68. The
switch lever 118 is urged, by means of a spring
fil, into an intermediate position in which it
neither contacts the terminal (09 nor the ter-
minal {12, likewise pertaining to the switch 68.
Branching off from the line 108 is the energizing
coil {13 of the solenoid, generally designated 114,
associated with the armature 71. The terminal
{{2 is connected by means of a line 115 with a
terminal ({6 adapted to be connected by means
of a switch lever 117 with a line 118 leading to
the terminal 99.

The switch lever 110 of the double throw switch
68 is connected by line 119 with a contact 120,
adapted to be contacted by the switch arm 12
which, in its turn, is connected by line 104 with
the main supply line 122. A second main supply
line 123 is connected by means of a line 124 with
a line 125, interconnecting the terminals 79 and
82. A third main supply line 126 is connected
by means of the hnes 127 and 128 with the ter-
minals 8§ and 8.

The switch arm IZI is also adapted to contact
a terminal {28 connected by means of the line
130 with a toggle lever switch arm 13!, which
is adapted, by means of its.arm 132, selectively
to contact the terminal 133 connected by line
134 with the line 108, or the terminal 135 con-
nected by line 136 with the line 145. Branching
off from the line 115 is the energizing coil {37
of the contactor 10. The toggle lever (3f is
adapted to be operated in one direction by &n
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arm (48 and in the other direction by an arm
i49. The arms {48 and (49 are adjustably
mounted on a rod {58 which is connected with
the plunger 16 by means of the connecting mem-
ber 151. _
Referring to Figure 2 illustrating the cam 6,
it will be noted that the cam 6i has a curved
sloped portion 138, enabling the plungers 64 and
65 of the limit switches §2 and 63 to slide upon
the elevated plane surface 139 of the cam 61.

10

The cam 81 has a split member with a slot 140 -

which may be spread apart by screwing screw
l4lq into the threaded portion {4t after the
cam 6{ has been inserted at a desired place in
the groove 60 of the piston valve rod 40.

Operation

Supposing that it is desired to move the piston
head 17 upwardly from the position shown in
Figure 1. To this end the pump 34 is started,
which thereupon delivers pressure fluid through
~ the conduit 33 and the port 31 into the bore i1,
from where it passes downwardly through the
L-shaped passageway (8 into the port 20. Now
the switch lever {18 is shifted toward its left-
hand position so as-to contact the terminal 109.
Current will then flow from the main supply line
122, through line 104, the switch arm 121, the
line #19, the switch lever 110, the line 108, the
coil 113, the line 142, the blade i43 of the limit
switch 83 and through the line 44 to the main
supply line 126. Due to the energization of the
coil 113 the armature T{ is attracted, thereby
having its blades 72, 13, 14 and 15 close the adja-
cent terminals. The blade 12 engaging the ter-
minals 10f and (02 closes the holding circuit
which comprises the main supply line 122, the
line 104, line 103, terminal 102, blade 12, termi-
nal 104, line 106, lever arm {07, line 108, coil 113,
line 142, blade 143 and lines 144 and 126. Fur-
thermore, the blades 13, 14 and 15, in coopera-
tion with adjacent terminals, close the energiz-
ing circuit for the motor 49 so that, due to the
rotation of the rotor 53, the engagement of the
" motor shaft 50 with the threaded portion 52
causes an upward movement of the valve rod 40
with its piston head 39. As a result of this up-
ward movement of the piston valve head 39, fluid
will flow from the L-shaped passageway {18
through the bore 38 of the sleeve 22 into the
space beneath the plunger head 11. The plunger
head |1 is provided with upper and lower head
areas {45 and 146, respectively, the difference
between these areas providing a differential pis-
ton area which is effective when both of the
head areas 145 and 146 are supplied simultane-
ously with pressure fluid. This occurs when the
upper movement of the valve rod 40 and valve
head 39 uncovers the sleeve port 20 so that pres-
sure fluid acts simultaneously on the small an-
nular area 145 and the large annular area 148.
The effective piston head area thus brought into
play is equal to the difference in the areas of
the portions 145 and {46, with the balance in
favor of the lower head area 146. As a conse-
quence, the plunger (6 and plunger head 171 are
moved upwardly. When this occurs, however,
the port 20 likewise is moved upwardly and will
tend to pass the lower edge of the valve head
39 to again cover up the port 20. Similarly, the
port 21 will tend to cut off communication' be-
tween the head passageway (9 and the longi-
tudinal bore 26 in the plunger {6. However,
since the motor 48 is still running, the piston
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valve head 39 will continuously move upwardly. 76
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The plunger head (7 will, therefore, carry out
a follow-up movement until the plunger head 17
has reached its uppermost position or, if a shorter _
stroke is desired, until the limit switch 63 is
actuated either by the cam surface of the groove
60 or the cam member 61 in the said groove.
Actuation of the limit switch 63 causes inter-
ruption of the holding circuit for the solenoid
114 so that the energizing circuit for the motor-
49 will be interrupted and the motor will come
to a standstill. )

If it is now desired to retract the motor plunger
16, the switch lever 110 which, affer its previous °
actuation was returned to its neutral position by~
the spring til, is now shifted to contact the ter-
minal 112, Current will then flow from the main
supply line 122 to the line 104, the switch lever
arm {21, the line 119, the lever 18, the line (18§,
the coll 137 and the line 41, through the limit
switch 62, from where it will flow through the
line 144 to the main supply line 128.  This circuit
will energize the coil {317, thereby causing attrac-
tion of the armature 94. The switch blade 88 will
then contact the terminals 99 and 100, thereby
establishing -& holding circuit comprising the
main supply line 122, the line 104, terminal 108,
switch blade 98, terminal 99, lever arm (17, line
118, coil 137, line 147, limit switch 62 and line
f44 and the main supply line 126. 'The switch
blades 95, 96 and 97 will then close the energiz-
ing circuit for the motor 49 so that the latter
rotates in a direction opposite to its previous
direction of rotation. As a result thereof, the
threaded portion 52 of the valve rod and, thereby,
also the valve head 39 will be moved downwardly.
This opens up the L-shaped head passageway 19
for communication through the port 2f with the
longitudinal passageway 26 and, at the same
time, closes off the port 20 of the L.-shaped head
passageway |8 against the discharge of pressure
fluid therethrough. Consequently, the pressure
fluid from the pump 34 is applied only within
the upper end of the bore i1 against the an-
nular plunger head area i45, while all pressure
is released against the lower plunger head area
146. The plunger 16, therefore, moves down-
wardly and the fluid displaced from beneath the
plunger 16 is moving upwardly through the pas-
sageway 19, the port 21, the counterbore 24, the
plunger passageway 26, the cross passageway 27,
the cylinder bore 12, the outlet port 32 and the
conduit 35, a part to the suction side of the pump
34 and a part to the fluid tank 48. Since the
motor 49 continues running, there will be a fol-
low-up movement of the plunger head 17, similar
to the follow-up movement described above in
connection with the upward movement of the
plunger 18. The plunger head 17 will come to &
standstill either when it engages the head &4 or,
1f an earlier stop is desired, when the limit switch
62 is actuated by the cam surface of the groove
80 or the cam member 61 therein, thereby inter-
rupting the energizing circuit for the motor 49.

It should be noted that the movement of the
valve rod 40 may be stopped at any desired point
and time by mere operation of the lever arm 107
or 117, respectively, to break the energizing cir-
cuit for the coil 1(3 and 131, respectively.

So far, manual! operation has been described.
If semi-automatic operation is desired, in other
words, if the plunger I8 is to carry out an up-
ward and a downward stroke and is then auto-
matically to stop, the lever arm 24 is to be
. shifted so as to disengage the terminal 128 and
engage the terminal 129. F‘urthermore, ‘the cam
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member 61 in the groove §6 is so adjusted that

it will not engage the limit switch 63 at the end -

of the upward stroke of the plunger {§. On the
other hand, the arm {48 is so adjusted that, at
the desired end of the upward stroke of the
plunger {6, it will engage and shift the toggle
lever switch arm {31, so that the toggle lever
switch arm 132 disengages the terminal 133 and

engages the terminal 185. The operation of the.’

‘device, in this instance, will be the same as de-
scribed above with the exception that the limit
switch 83 wiil not be operated but instead there-

2,317,549

desired time, be interrupted by operation of the

.- lever arm {107 or {7,

10

of the direction of rotation of the motor 48 will -

be changed at the end of the upward siroke of
the plunger {6 by the shifting movement of the
toggle lever arm #31{. At the end of its desired
downward stroke, the plunger {6 will come to
" a standstill, in the manner described above.

If full automatic operation is desired, it will
be necessary, in addition to the adjustment to be
effected for semi-automatic operation, also to
make the limit switch §2 inoperative by corre-
spondingly adjusting the cam member 6{ per-
taining thereto. PFurthermore, the arm {49 will
be adjusted on the rod 159 so that, at the end of
the downward stroke of the plunger 86, the arm
149 switches the togzle lever arm i3{'in a direc-
tion cpposite to the direction in which the lever
arm §3{ is shifted by the arm 148. It will be ob-
vipus that, after effecting of the said adjustment,

" the plunger 18 will continuously carry out a de-
sired number of cycles. 'The stroke of the plung-
er 16. may, in this instance, be controlled by the
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It will be understood that we desire to com-
prehend within our invention such modifications
as come within the scope of the claims and the
invention. .

Having thus fully described our invention,

.what we claim as new and desire to secure by

Letters Patent, is:
1..In combination in a servomotor, a valve, 8
reversible electric motor, a reciprocable control

.Tod arranged in alignment with the motor shaft

of said electric motor for. operating said valve,
means for positively preventing rotation of said

- control rod in all positions of its movement, screw

means directly interconnecting said motor shalt
and said confrol rod and responsive to a rotation
of sald motor shaft for effecting longitudinal
movement of said control rod, and electric means
for selectively varying the length of the stroke
of said control rod.

. 2. In combination in a servomotor, a valve,
a reciprocable control rod, means for prevent-
ing rofation of said control red in all positions of
its movement, an electric circuit including a re-
versible electric motor having its motor shaft
threadedly engaged by said control rod for im-

~ parting longitudinal movement thereon to op-
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* position of the arms {48 and 149. As previously

stated, the operation of the device may, at any

35

erate said valve, and adjustable cam means sup-
ported by said control rod and adapted in re-
sponse to the travel of said control rod selectively
to open and close said circult for controlling said

motor. .
JOHAN A. MULLER.
IRA B. LAWYER.



