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This invention relates fo an electro-hydraulic actuator
and more particularly, fo an electro-hydraulic actuator
incorporating vibrator pump means for actuating a power
member.

‘An object of the present invention is to provide an im-
proved electro-hydraulic actuator,

Another object of the present invention is to provide an
electro-hydraulic actuator for a control element, the actu-
ator comprising a power member adapted to be connected
to the control element for moving the same and vibrator
pump means for actuating said power member.

Another object of this invention is to provide an im-
proved electro-hydraulic actuator comprising a power pis-
ton adapted to be connected to a movable element, and a
pair of vibrator pumps for imposing control pressure se-
lectively on one side or the other of the power piston
to actuate the same.

It is another object of this invention to provide an im-
proved electro-hydraulic actuator comprising a power pis-
ton adapted to be connected to a movable element, a
vibrator pump for imposing control pressure on one side
of the power piston to move the piston in one direction,
and means for urging the power piston in an opposite
direction.

Still another object of this invention is to provide an
improved vibrator pump for use in an electro-hydraulic
actuator, the pump being immersed in oil to prevent oil
seal problems.

A further object of this inventicn is to provide an im-
proved vibrator pump for use in an electro-hydraulic actu-
ator, the vibrator pump incorporating a surge damper to
smooth out the pulsations in the discharge pressure from
the pump.

These and other objects of the invention which will be-
come hereafter more apparent are attained by the pro-
vision of an electro-hydraulic actuator for a control mecha-
nism.

In one application of the invention, the confrol mecha-
nism comprises a valve. The electro-hydraulic actuator
comprises a power member for moving the valve and
vibrator pump means for actuating the power member.
Such vibrator pump means are constructed in a simple
and economical manner so as to prolong the reliability and
life of the pump means., The pump means may comprise
a pair of vibrator pumps acting upon opposite sides of
the power member or a single vibrator pump for urging
the power member in one direction and means for urging
the power member in the opposite direction. A solenoid
connected to a source of alternating current is utilized to
actuate a plunger within the vibrator pump to displace
hydraulic control fluid from a reservoir and discharge it
against one side of the power member, The solenoid co-
operates with a spring means to reciprocate the plunger
and cause flow of the hydraulic control fluid. Also in-
corporated in the vibrator pump is a surge damper for
smoothing out the pulsations in the discharge pressure.

The specific structural details and their mode of func-
tioning will be made most manifest and particulaily
pointed out in clear, concise and exact terms in conjunc-
tion with: the accompanying drawings wherein:

FIGURE 1 is a perspective view of a valve mechanism
utilizing an electro-hydraulic actuator of the present in-
vention;

FIGURE 2 is a schematic view partially in cross-section
of the valve mechanism of FIGURE 1 illustrating the
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power piston for actuating the valve, the pump means for
moving the power piston comprising a. pair of vibrator
pumps, and the electrical controls therefor;

FIGURE 3 is a cross-sectional view of the electro-
hydraulic actuator of FIGURE 1 on an enlarged scale;

FIGURE 4 is a cross-sectional view of the electro-
hydraulic actuator taken generally along the line 4—4 of
FIGURE 3;

TFIGURE 5 is a longitudinal cross-section of a vibrator
pump of the present invention;

FIGURE 6 is a transverse cross-section of a vibrator
pump taken generally along the line 6—6 of FIGURE 4;

FIGURE 7 is a schematic wiring diagram of the elec-
trical controls for the electro-hydraulic actuator;

FIGURE 8 is a schematic view partially in cross-section
of a modification of the present invention illustrating an
electro-hydraulic actuator comprising a single vibrator
pump for urging a power member in one direction and
means for biasing the power member in an opposite direc-
tion; and

FIGURE 9 is a front view partially in cross-section of a
modified valve mechanism utilizing the electro-hydraulic
actuator of FIGURE 8.

Referring now more particularly to the drawings, like
numerals in the various figures will be taken to designate
like parts.

Considering FIGURE 1, there is shown a valve mecha-
nism 10 utilizing an electro-hydraulic actuator I11. The
valve mechanism comprises a valve body 12 having an
inlet 13 adapted to be connected to a pipeline, an outlet
14 and an outlet 15, each ouflet adapted to be connected
to a pipeline.

The actuator housing or casing 17 has formed integrally
with the bottom thereof an adapter yoke 16. The yoke
16 is secured to a joint or commection member 18 by
suitable bolts or cap screws 19. The connection member
18 is in turn secured to the valve body 12 by a suitable
fastening means as for example, studs 21 and nuts 20.

An indicator housing 22, which is suitably made from
clear plastic for viewing the position of a movable indi-
cating means, is provided on the actuator housing 17.
A suitable indicia plate 23 may be placed on the housing
22. To prevent dirt and moisture from entering housing
22, a clear plastic cover may be placed around the hous-
ing 22.

Referring now to FIGURE 2, there is shown schemat-
ically a cross-section of the valve mechanism of FIGURE
1. The actuator housing 17 comprises a one-piece hous-
ing divided into three compartments 26, 27 and 28 by
means of end plates 24 and 25. - Within compartment 26
are contained the electrical components and limit switches.
Disposed within compartment 27 of the actuator housing
17 are vibrator pump means of the present invention.
Compartment 28 contains the power piston 29 which sep-
arates the compartment into a chamber 30 and a chamber
31

One vibrator pump means 32 displaces hydraulic fluid
from the reservoir or sump 33 formed by the end plate
25 and the interior walls of casing 17 and discharges such
fluid through line 34 into power piston chamber 30.

The second vibrator pump means 36 displaces hydrau-
lic fluid from reservoir 33 and discharges the hydraulic
fluid through line 37 into the power piston chamber 31.

The pump means are constructed and arranged to be
operated alternatively so that when one pump means. is
operative, the second pump means is idle. For conven-
ience of reference the pump means 32 is designated as
the “down” pump means, and pump means 36 is desig-
nated as the “up” pump means. Thus when the pump
means 32 is operative to force liquid into chamber 30,
the power piston 29 will be moved downwardly and
fluid will be displaced from chamber 31 to the sump or
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reservoir 33 in a manner to be hereinafter described. -

Similarly, when the pump means 36 is operative and the
pump means 32 is idle, hydraulic fluid will be discharged
into chamber 31, forcing the power piston upwardly and
dlspyacmg the ﬂurd from chamber 3¢ back to the reser-
voir. 33 in a manner to be later described.

One of the pump means will now be described in fur-
ther detail.”
identical in construction, only pump means 32 will be de-

scribed in. detail and the corresponding elements of pump
The

means 36: will be designated by primed numerals.
pump means 32 is of the vibrator type which employs an
alternating ‘current to. generate a flow of hydrauhc con-
trol fluid. Secured within the housing 41 of the pump
means 32 is.a core 58 having an inlet opening 42 there-
through: communicating with the reservoir 33. A “sec-
ond opening 43 in the housing is regulated by solenocid-
actuated valve means 44.  Also formed in the housing 41
is an outlet 45 communicating with the power piston
chamber 39 via line 34. Disposed in the longitudinal
bore 46 in the housing 41 is a plunger 47 adapted to be
moved downwardly as viewed in FIGURE 2 upon ener-
gization. of the coil 48 in a manner as will be later ex-
plained.

Extending through. the plunger 47, which is suitably

made. from magnetlc material, as for example Type 416

Stainless Steel, is a passage 49 hav1ng an inlet check valve
50. therein sprinﬂ—biased to the closed posmon At the
outlet from:the longitudinal bore 46 there is an exhaust
check valve:. 52 sprmg—urged to the closed ‘position.
Formed on the plunger 47.is a flange 54-which bears on
one sidé upon a spring 55 and upon the other side on a
spring. 56." The springs are preferably fabricated- from
steel;, which may. be cadmium plated to prevent rusting in
stock before assembling the pump means.

The coil 48, concentrically disposed about a pértion of
housing 41, will be energized from a suitable source of

- .alternating current and.omn each half cycle of the. Voltage

wave. the plunger 47 is attracted. to the core 58 which is
preferably made from a magnetic material; as for exam-
: pIe’Type 416 Stainless Steel, and. defines the inlet open-
ing. ' The top of core 58 forms a stop against which the
plunger 47 may abut. - For most efficient operation and

minimization: of noise, it-is preferred that the plunger 47

closely approach core 58 but. not contact the cors. The
attraction: of the. plunger 47-to the core 58 results from
the magnetic flux passmg thmugh the two parts. Sprmg

55.expands.and spring 56-is compressed. As.the current
fiow through the coil diminishes at the end of the half:
Wave, the magnetic attraction decreases and compressed_

spring. 56 expands, urging the plunger away from core 58
to 1ts startrng posmon As none.of-the parts in the mag-
tween the core 58 and the plunger 47 oceurs equally on
both halves of the voltage cycle.

frequency :of 120 cycles per second.

Valve means 44 are operative to close opening 43 in re-
sponse to ehergization of solencid-5%.  The mechanism
for.moving valve means 44 to the closed position includes

rocker-arm 61 pivoted with respect to housing 41. " The

free end of the rocker.arm-is aftracted to the solenoid-59
upon energization thereof:
-noid.59, valve means 44 are biased - -open.

Means are -provided for rehevmo excessive dlscharge
pump’ pressure to-the reservoir. . Sué¢h méans comprise a

ball:type relief valve 63 urged to the closed position by
70

spnng 64.

Alternatlng current- supphed to the coil 48 from a suit-
able source via lead I.; and I, and controller 66 energizes
the coil upon completlon of a circuit including’ common
line 67, line 68, line 69, down limit switch 70 and down
line. 71. The c1rc1ut for -emergizing coil 48’ of pump

Inasmuch as the pump means 32 and 36 are

Therefore, the cycle of-
movement. of the plunger 47 will: occiir twice for each
complete voltage cycle, and.a voltage cycle frequency of:
60.cycles per second will result in a plunﬂer movement

Upon. deenergization of sole-
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means 36 comprises common line 67, line 73, line 74, up
limit switch 75 and up line 76. Secured to the upper end
of piston rod 78 is a flange 79 adapted to actuate limit
switches 70 and 75, respectively, upon movement of the
piston 29 to the upper and lower limit positions, respec-

“tively.

Each limit switch comprises a prvoted arm 8%, 81’
movable from engagement with a contact 82, 82’ to en-
gagement with a contact 83, 83’.. When the pivot arm 81
engages the contact 82 and the controller 66 has com-
pleted the down circuit, the coil 48 and solenoid. 59 are
energized. Slmllarly, when the pivot arm 81" is in en-
gagement with contact 82’; and the controller 66 has

-completed: the up circuit, the coil 48’ and the solenord

59" are emergized. Each of the. pivot arms 81, 81’
biased into engagement with contact 82, 82/, respectlvely,
by spring means 87, 87’; respectively.

When the power pxston 29 reaches the lower limit of
movement during operation of pump means 32, pivot arm
81 is pivoted into engagement with the contact 83 to
break the circuit to pump means 32, thus terminating op-
eration of the pump means 32 and completing a circuit
via line 71, switch 78, and line 85 to signal light 88, which
indicates that the power piston 29 has reached the lower
limit of movement. The solencid 59 remains energized
in order to lock the power piston 29 in its lowermost
position.

Considering operation of up pump means 36, when the
power piston 29 reaches the upper limit of movement,
flange 79 on the piston rod-78 engages the pivot arm 81’
and moves said arm into engagement with contact 83'.
The circuit to the coil 48’ is broken, inactivating the
pump means 36 and completing a circuit to signal light
88" via line 76, switch 75, and line 86. It will be noted
that the solenoid 59’ remains energized to. lock the power
piston 29 in pesition.

In: one disclosed- embodiment of the mventrw, the

control element moved by the actuator comprises a

valve body %2 within which are: disposed a port 91 be-
tween-inlet 13 and outlet-14, and a port 92 between inlet
13 and outlet 15. - Movably mounted on. valve stem g3,
which is.secured-to piston rod 78, are valve plugs €4 and
95, The valve plugs are biased to the clos ed position by
spring 96 concentrically mounted on the valve stem §3
between the two valve plugs. '

To provide an indication of the position of the power
piston, an indicator washer 9&-is secured to piston rod 78,
and the housing surroundmg the indicator washer is clear
plasic to permit viewing of the indicator washer,

Referring now to FIGURE 3, there is shown a cross-
sectional view of an actuator of the present invention.
The top of actuator housing 17 is closed- by a cover 10§
which is threadingly engaged with ‘the housing. It is
readily -apparent- that the. housing is otherwise integrally
formed with the -adapted yoke 16. The interior of the
housing is divided into separate compartments by the
end plates or cover plates 24 and 25 respectively, each
of which is in abutting relation with. a shoulder 101
and. 182, respectively provided in.the interior of the
actuater housing 17. ~ Each of the: plates 24 and 25 is

held in position "by means of a retaining. ririg 293, 184

respectively. - Preferably, the retammg rings are formed
from cadmium-plated steel. O-ring 185, made from
synthetic rubber er like material; is- provided:in an an-
nular groove in the end plate 24-to seal compartment 26
from compartment 27,

Similarly; O-rings 106 and’ 107 are provided in an-
nular grooves in the end plate 25 to seal compartment 27
from compartment. 28 and provide a flow channel.from
one pump means to the lower side of the piston 29.

A guide bushing or bearing insert' 110 is. provided in
a counterbore in the housing 17 to guide‘the reciprocating
movement of the piston rod 78.  The means for. retain-
ing the bearing insert in position and sealing around the
sleeve member 124 comprises a first backup washer
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111 and a second backup washer 112 between which
there is provided an O-ring seal 113. Retaining plate
or washer 114 which is held in position within the
chamber 28 by machine screws 115, maintains the
washers 111, 112, O-ring 113 and bearing insert 110
in position.

The power piston 29 is provided with an O-ring 116,
which may be suitably made of synthetic rubber, to pre-
vent undesirable flow of control fiuid from chamber 30
to chamber 31 during operation of the power piston.

Piston rod extension 119 is secured to the power
piston by means including a piston bolt 117 disposed in
a bore 118 through the power piston 29. The externally
threaded end of piston rod extension 119 engages with
the female threads in the top of piston bolt 117. Pro-
vided in the plates 24 and 25 respectively are guide bush-
ings 120 and 121, which provide bearing surface for
the piston rod extension 119. O-ring seals 122 and 123,
respectively, are placed between each guide bushing and
the associated end plate to seal the respective chambers.

Conrected to the lower end of piston bolt 117 is a
sleeve member 124 having therein an internally threaded
bore 125 which engages with the external threads on pis-
ton bolt i117. The peripheral surface of the sleeve is
slidable within the bearing insert 110.

Piston rod extension 127, which is adapted to be
connected to the control element, in this case the valve
stem 93 upon which the valve plugs are mounted, has
at the top thereof a threaded end 328 which interlocks
with the internally threaded bore 129 in sleeve 124. It
will be noted that the indicator washer 98 is disposed
between the hexagon-shaped portion 126 of the ex-
tension 127 and the sleeve 124,

Within the upper compartment 26 are housed the
electrical components for the pump means. The limit
switches 76 and 75 are secured to a bracket 130, which
is in turn suitably affixed to the end plate 24, as for
example, by machine screws 130’. Pivotally supported
on pin 131 affixed to bracket 139 is a plate 132. Extend-
ing from a flange 132’ on plate 132 are adjustable actu-
ating screws 133 and 134 for actuating the limit switches
70 and 75 respectively. Each actuating screw is provided
with a lock nut 135, 136 for maintaining the actuating
screw in the selected adjusted position. Also formed
on plate 132 are upper and lower contact ears 137 and
138. The contact ears are adapted to be engaged by
nuts 139 and 140 adjustably supported on the upper
end of piston rod extension 119, Thus it is apparent
that upon movement of the piston rod extension 119 to the
uppermost position, nut 139 will engage contact ear 137,
pivoting plate 132 about pin 131 to actuate limit switch
75. In a like manner, upon movement of the piston
rod extension 119 downwardly to its lowermost position,
nut 140 will engage contact ear 138 to pivot plate 132
causing actuating screw 134 to actuate limit switch 78.

The electrical wires enter the actuator housing through
inlet opening 141 and are connected to a terminal strip
or block 142 provided in the compartment 26. For pur-
poses of clarity, the electrical wires connecting the termi-
nal block to the controller and a suitable source of alter-
nating current and the electrical wires connecting the
terminal block to the limit switches are not shown.

Each of the pump means are secured to a support or
base plate 146, which is affixed to the end plate 25 in com-
partment 27 by cadmium-plated machine screws or bolts
147. These bolts also secure bracket members 148, which
is disposed about the housing 41. Provided between one
end of the housing and the support plate 146 are vibration
dampeners or grommet bumpers 149. The housing 41
is further supported within the compartment 27 by a
cylindrical pump tube 150 which extends through an
opening in the support plate 146 and engages plate 25.
For clarity the solenoid has been omitted to better
show the mounting bracket 153 upon which the solencid
is secured. Such solenoid mounting bracket 153 in-
cludes an upright portion secured to the housing and sup-
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port ears 154 to which the solenoid is 6rdinarily coinected.

Also secured to the housing 41 by suitable fastening
means, as for example, machine screws 156, is a terminal
plate assembly 155, Electric wires (not shown) con-
nected at one end to termianl strip 142 extend through
a suifable opening in end plate 24 and are connected at
the other end to terminal lugs 157.

Qil may be supplied to the reservoir 33 through the
fill opening 160 in the housing 17. The opening is nor-
mally closed by plug 161. Drain plug 162 normally
closes opening 163 in the housing 17.

The line 34 is formed by a vertical hole 38 extending
through the end plate 25. The line 37 is formed by a
vertical and a horizontal passage 35, annular groove 38’,
holes 39, passage 46, and bore 46’. Access openings
158, 159 and 166 are closed by suitable plugs 158’, 159’
and 166°. Upon removal of plug 164’, which normally
closes opening 164, a pressure gauge may be installed.

Referring now to FIGURE 4, there is shown a cross-
sectional view of compartment 27 taken generally along
the line 4—4 of FIGURE 3. Each pump means 32, 36
is secured to the support plate 146. The solenoids 59
and 59’ are secured to the support ears 154 of the mount-
ing members or brackets 153, 153’ respectively by suitable
fastening means 165, for example, machine screws., The
mounting member 153 is secured to the housing 41 by
means including bolts or machine screws 167 and ma-
chine screw nuts 168. Fastened to the housing 41 by the
screws 156 is a pivot support bracket 178. The rocker
arm 61 is supported on the pivot pins 169 secured to the
pivot support bracket 176. Tension spring 171 affixed
between an end of the rocker arm 61 and the pivot sup-
port bracket 170 biases the rocker arm clockwise as
viewed in FIGURE 4.

Solenoid 59 comprises a solenoid plunger 172 having
a projection 173 thereon adapted to engage a solenoid
pin 174 secured to the rocker arm 61, for moving the
rocker arm in opposition to the bias of spring 171,

Referring now to FIGURE 35, there is shown a cross-
sectional view of a vibrator pump taken generally along
the line 5—35 of FIGURE 4. The pump housing com-
prises a body 175 and a coil support 176 within which is
defined the longitudinal bore 46. Abutting a shoulder
178 on the coil support 176 is a coil washer 177. The
back flange 179 engages the coil 48 and retains the same
in position. The retaining ring 181 is utilized to stake
the back flange 179 in position on the coil support 176.
Insulating washers 180 are provided at each end of coil
48, Provided about the coil 48 there is a cover 182.
It should be noted that vibration isolators or grommet
bumpers 149 are supported in openings in the back flange
179.

Core 58, which is externally threaded, engages the
internal threads in an end of the coil support 176. The
core has an opening therein which defines the inlet open-
ing 42 to the housing. The core is adjusted with respect
to the coil support and is then locked in place by the
lock nut 183 and lock washer 183,

The plunger is preferably comprised of two parts,
a main plunger 184 which has a plurality of longitudinally
extending slots in the periphery thereof, and a piston 185.
The actuating spring 55 acts between the flange 54 of
piston 185 and the pump body 175. Actuating spring 56
acts between the flange 54 and an internal shoulder of
coil support 176.

The inlet check valve 58 is biased to the closed position
by the check valve spring 186, and the exhaust check
valve 52 is biased to the closed position by the check
valve spring 187

Means are provided within the pump means for damp-
ing the surge pressure created during operation of the
pump means. The damping means comprise a membrane
189, preferably made from synthetic rubber or the like.
Passage 199 communicates one side of membrane 189
with oil under pressure. The other side of the membrane
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189 communicates with a supply of air trapped between:

dome 191 and the membrane or diaphragm 189. Suit-
able fastening means, for example, bolts or machine
screws- 192, are utilized to. secure the dome 191 to the:
pump body 1785.

It can be seen that movement of the mounting member
153 is restrained by retaining ring 193.° Also, it should
be noted that a rubber pad 194 is provided between the
coil support and the bracket member 148 to further as-
sist in minimizing the vibration emanating from the
pump means. .

Referring now to. FIGURE 6, there is shown a trans-
verse cross-sectional view of the pump means taken gen-
erally along the line 6—6 of FIGURE 4. Provided with-
in the pump body 175 is a longitudinal passage 46 which.
communicates with a vertical passage 2061 by means of an:

[}

10.

internal bore 20€. Passage 201 communicates with-the -

relief valve 63 through which pressure may be returned
to.the sump 33 in the event of excessive discharge pres-
sure to prevent damage to the actuator. ‘The passage 19¢:
communicates passage 281 with one side of the membrane
189.

It will be noted that pump tube £58, which is generally
cylindrical, has a bore 15% therethrough which commu-
nicates. with the passage 2061. During operation of the
pump 32, oil will be forced through bore 151, passage
35, (FIGURE 3) holes 3%, passage 48 and bore 4%’ into
chamber 3% to actuate piston 29 upwardly. During op-
eration of pump 36, oil will be forced through the pump
tube (not shown) and hole 38 into the chamber 36 to
actuate piston 29 downwardly.

The valve means 44 comprises a ball valve 282 adapted

to. be retained in the closed position by valve plug stem

283, which stem is guided in pin bushing 264. The pin

bushing 204 has a plurality of slots therein to permit re~

turnn of oil to the sump 3 when the ball valve 202 is open.
Upon energization of the solenoid, pin: 174 is actuated,
pivoting rocker arm 61 and forcing the solenoid operated
valve 202 to be closed. Upon deenergization of solenoid

89, tension spring 171 pivots rocker arm 61, thereby
urging solenoid 174 to actuate valve plug. stem 283 and-

open solenoid operated valve 262. The solenoid pin 174
may. be adjustably secured with. respect to the rocker
arm 61 by means of lock nut 265,

The machine screws 192 engage the threads within the
openings 195 to secure the dome 191 to the valve body.

Machine : screws ‘167 pa& through the. openings 196

in the. valve body.

Referring now to FIGURE 7, there is shown an elec-
trical wiring schematic of the electrical components for
actuating the vibrator pumps. The solid black dotted
line represents the actuator housing 17 within which are
defined compartment 26 for the electrical components
and compartment 27 for the hydraulic components. A

suitable source of alternating current, which for purposes.

of illustration. may be 117-velt, 60-cycle, is supplied to
" the controller 66. Within controller 66 there is a single
pole double throw -switch 219 movable from a neutral,
off position into -engagement with either up contact 229

or down. contact 221. Also included in the controller 66

are appropriate signal lights 88 and 88’. The wires ex-
tending from controller 66 are connected to terminal- strip
or block 142 in the actuator housing. -The common line
67 supplies current to each of the coils 48, 48’, 213 and:
214, Coil 48 is in the “down” pump means 32, coil 48’
is in the “up” pump means 36, coil 213 is contained
within -the “up” solenoid "59’, and coil 214 is contained
within the “down” solenoid.59. The line 85 connects the
contact 83 of “down” limit switch 70 to the terminal strip
142 and the. line 86" connects the contact 83 of “up”
limit switch 75-with the terminal strip 142, :

Referring now to FIGURE 8, there is illustrated sche-
matically a modified form of the present-invention. The
valve mechanism 224 comprises a valve body 225 con-
taining therein a first port 226 and a second port 227,
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The port 226 communicates the inlet 228 with the outlet
229 and the port 227 communicates the inlet 228 with
the outlet 238. Provided within the valve mechanism
224 are valves 231 and 232 for selectively closing the
pvorts 226 and 227. FBEach of the valves is connected ad-
jacent one end of a rod or stem 234, - Proximate its upper
end, stem 234 is connected to a power member 235,
which may take the form of either a piston, as illustrated,
or a diaphragm. Disposed between the power housing
236 and-the upper side of the power member 235 is a
spring 237, which urges the power member 235 and the
valves 231 and 232 downwardly to unseat valve 231,
opening port 226, and seat valve 232, closing port 227.

Pump means 238 are provided for urging the power
piston 235 upwardly to close port 226 and to open the
port 227. The pump means 238 are disposed within a
casing 23%, the bottom portion. of which defines a res-
ervoir 246 for fluid. The pump means 238, which are
similar to the pump means previously described; force
liquid from the reservoir 24¢ through the line 241 to the
underside of the power piston 235 for urging. the power
piston upwardly. It will be noted that a line 244 com-
municates the chamber above the power piston 235
with the reservoir 249.

The pump means 238 compnses a housmo 246 in the
lower end of which is prov1ded a core 247 Wh'ch defines
therethrough an inlet opening 248. Provided in the lon-
gitudinal bore 249 in the housing 246 is a plunger 256.
Disposed about the exterior of a portion of .the housing
246 is a coil 251, which is adapted to be energized to
actuate the p1unger 258.

Extending through the plunger 250 is a passage 252,
Within an enlarged portion of the passage 252 there is an
inlet check valve 254, An exhaust check valve 256 is dis-
posed in the housing 246. prox1mate the outlet from the
passage 252.

Clrcumferennaﬂy formed ‘on’ the plunger 250 is a
A spring 258 acts between an internal shoul-
der in housing 246 and the flange 257 to urge the plungsr
downwardly as viewed in FIGURE '8, and spring 259
acts on the oposite side of the flange to move the plunger
259 in opposition to the spring 258. )

Also provided in the casing 239 is a solenoid 261 which
is adapted to pivot the free end of the rocker arm 262 to
the left in FIGURE 8 upon energization of the solenoid
to close the valve means 263. Upon deenergization of
the solenoid 261, the spring in the valve means 263 will

-cause the valve means to open.

A suitabie relief valve 265 is provided in the casing 239
to prevent. actuator damage due to excessive discharge
pressure.

Cooperating with the pump means 238 is a pressure
switch 266, which functions to terminate operation of
the pumip means when the-power piston reaches the up-
At such time, the pres-
sure within the lines 241 and 267 rises, causing the free
end of pressure member or bourdon-type tube 268 to ex-
pand or raise upwardly, relieving the force on switch arm
269 and permitting the switch arm to move:from engage-
ment with the contact 278 into engagement with the con-
tact 272 by means of the bias spring 271. A suitable
switch 274 is provided to close the circuit to the pump
means 238 when the actuation.of the valve mechanism is
desired, It can be seen that the coil 251 in the pump
means will be energized upon closing. of the switch 274.
A circuit will be completed via lead 1, line 276, switch
274, pressure switch 266; line 277, coil 251, line 278,
line 279, and lead Ly. On each half cycle of the voltage
wave, the plunger 250 will be attracted to the core 247,
which «defines the inlet- opening 248, compressing the
spring 259. The attraction of the plunger to the core
results from the magnetic flux passing through the two
parts. As the current flow through the coil 251 diminishes
at the end of each half wave, the.magnetic attraction de-
creases. and the compressed spring. 259 expands; causing
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the plunger 250 to move away from the core 247 to its
initial position.  As none of the parts in the magnetic
system are permanent magnets, the attraction between the
core and the plunger occurs equally on both halves of
the voltage cycle. Therefore, the cycle of movement of
the plunger 256 will occur twice for each complete volt-
age cycle and a voltage cycle frequency of 60 cycles per
second will result in a plunger movement frequency of
120 cycles per second. Inasmuch as the solenoid 261 is
also energized upon energization of the coil 251, the
rocker arm 262 will be pivoted to close the valve means
263. Thus, upon reciprocation of the plunger, oil will
be drawn from the reserovir 240 in the casing 239 and
pumped through line 241 to the underside of the power-
piston 2385, causing the piston to be moved upwardly as
seen in FIGURE 8.

When the power piston 235 reaches its uppermost posi-
tion, the pressure will build up in line 241, causing actua-
tion of the pressure switch 266. When contact 272 is
engaged by switch arm 269 a circuit will be completed
via lead Ly, line 279, signal light 281, line 282, pressure
switch 266, switch 274, line 276, and lead L, to energize
the indicating light 281.

Inasmuch as the solenoid 261 remains energized as
long as switch 274 is closed, the power piston will be
locked in its uppermost position until switch 274 is
opened. Then the circuit to solenoid 261 will be broken,
deenergizing the solencid and permitting valve means
263 to open bleeding fluid from line 241 to the reservoir
240,

Turning now to FIGURE 9, there is illustrated another
form of the present invention. A valve mechanism 284
is affixed to 'a power housing 285, within which is pro-
vided a piston 286 connected to a piston rod 287 for
actuating the valve within the vaive mechanism, and a
spring 288 for urging the piston 286 downwardly within
the power housing 285. It will be readily apparent to
those persons having ordinary skill in the art that the
valve mechanism may contain a valve means similar to
that shown in FIGURE 8 or that the valve means may
be of the simple open or closed type.

Operatively connected to the power housing 285 is a
power pack 292. The power pack 292 comprises a hous-
ing 293 containing a vibrater pump and the electrical
elements for controlling the operation of the vibrator
pump. Suitably fixed in place in the housing 293 is end
plate 254. Within the upper compartment in the hous-
ing 293 are provided certain of the electrical components,
including a terminal strip or block 296. A vibrator
pump 299 of the present invention is provided in the
lower compartment in the housing 293, Tt will be under-
stcod that the vibrator pump 299 will draw fluid from
the reservoir defined within the housing 293 and dis-
charge it through outlet 297, line 241 and opening 291
into the chamber beneath the power piston 235. The
line 244 communicates the opening 296 in housing 285
with the inlet opening 298 in housing 293.

As shown in FIGURE 8, the spring 237 urges piston
235 downwardly and discharge pressure from pump 238
urges the piston upwardly. The parts are comstructed
and arranged so that spring 237 may be positioned to
bias piston 235 upwardly and the ends of lines 241 and
244 may be interchanged in openings 290 and 291. In
this latter construction, fluid under pressure passing
through line 241 from the pump 299 urges piston 235
downwardly against the bias of spring 237.

The mechanism illustrated in FIGURE 9 is considered
to be fully illustrative of another form of the invention
and inasmuch as the details thereof are comparable to
those previously described, it is believed that further ex-
planation is not needed.

From the foregoing, it is clear that the electrohydraulic
actuator of the present invention may have different
forms and may be used to control a variety of valve
mechanisms, as well as other control mechanisms.
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10
Operation

The operation of the electro-hydraulic actuator of the
the present invention will best be understood by refer-
ence to FIGURES 2 and 8. Considering first FIGURE
2, it is seen that the electro-hydraulic actuator comprises
a pair of vibrator pumps, one designated an “up pump”
and the other designated a “down pump,” and a power
piston actuated thereby. The vibrator pump 32 may be
energized in response to a signal sense in the controller
66. Upon actuation of the controller 66 to the down
position, a circuit is completed via lead L,, line 67, sole-
noid 59, line 71 and lead L, to energize the solenoid 59
and pivot the rocker arm 61 to close the valve means 44.
Simultaneously a circuit is completed energizing the coil
48 of the valve means 32. Such circuit is completed via
lead L,, live 67, line 68, coil 48, line 69, down switch
70, line 71, and lead L,. The plunger 47 is attracted to
the core 58 during each half cycle of the voltage wave
and as the magnetic attraction decreases, the spring 56
urges the plunger 47 from the core 58, causing the
plunger 47 to be reciprocated within the longitudinal bore
of the housing 41. As the plunger 47 moves downward-
ly fluid will be drawn into the passage 49 through the
open inlet check valve 50 and as the plunger 47 moves
upwardly the check valve 5@ will be closed and the fluid
will be expelled through the exhaust check valve 52 and
discharged through the line 34 into the chamber 30 above
the power piston 29. The pressure increase in chamber
39 causes the piston 29 to move downwardly, seating the
valve %4 in port 91 and causing the valve 95 to open
the port 92.

When the power piston 29 reaches the lower limit of
operation, the flange 79 on the upper end of the piston
rod 78 pivots the switch arm 81 into engagement with
contact 83. At this time the circuit to the coil 48 is
broken, deenergizing the coil to terminate operation of
vibrator pump 32, and the circuit to the indicator light
88 is completed, energizing the light to indicate that the
piston 29 has attained its lowermost position. Solenoid
59 remains energized, holding valve means 44 closed, thus
locking the power piston 29 in the lowermost position.

Assuming that the controller 66 is actuated in response
to a predetermined control to close the “up” circuit, sole-
noid 59 will be deenergized, and a circuit is completed
via lead L;, line 67, solenoid 59, line 76 and lead L,
energizing the solenoid 59’. At the same time, a circuit
is completed via lead Ly, line 73, coil 48’, line 74, switch,
75, line 76 and lead L, energizing coil 48’ of the vibrator
pump means 36. The vibrator pump means will draw
fluid from the reservoir 33 and discharge it through the
line 37 to the chamber 31 beneath the power piston 29,
causing movement of the piston 29 and piston rod 78
upwardly, moving valve 95 to close the port 82 and mov-
ing valve 94 to open the port 91 to permit the flow of
fluid from the inlet 13 of the valve mechanism 12 %o the
outlet 14 thereof. When the piston 29 attains the upper
extremity of movement the flange 79 on the upper end of
the piston rod 78 will contact the arm 81’ of the “up”
limit switch 75, causing the arm 81’ to move from en-
gagement with contact 82’ into engagement with 83, A
circuit is completed energizing the indicator light 88’ and
the circuit to the coil 48’ is broken, deenergizing the
vibrator pump 36. Solenoid 59’ remains energized, thus
holding valve means 44’ closed and maintaining the
power piston 29 in place.

In the event that an undesirable pressure buildup oc-
curs in line 34 during operation of pump 32, the relief
valve mechanism 63 will open, relieving the pressure to
the reservoir 33. Similarly, excessive discharge pressure
in the line 37 created during operation of pump 36 will
be bled to the reservoir 33 by means of relief valve mech-
anism 63’.

Referring now to FIGURE 8, it is apparent that the
electro-hydraulic actuator differs principally in that a sin-
gle vibrator pump is utilized to move the power piston in
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one duecuon and that a spring-is utilized to move the
power piston in the opposite direction. To effectuate the
desired operation, a pressure switch 266 is provided to
indicate termination of the operation of the vibrator

pump 238. Upon closure of the switch 274 in response .

to a predetermined demand, a circuit is completed via lead
L., line 276, switch 274, switch 266, line 277, coil 251,
line 278, line 279 and lead L, energizing the coil and
causing reciprocation of the plunger within the housing
246. Fluid will be drawn from the reservoir in housing
239 by pump 238 and forced through the line 241 to the
underside of the power member or piston 235. The pis-
ton 235 moves upwardly until valve 231 closes the port
226, permitting flow of fluid from the inlet 228 to the
outlet 230 of valve mechanism 224. The pressure will
build up within the line 241 as the piston 235 reaches its
uppermost” position and this increase in pressure will
cause expansion or straightening of the -bourdon tube
268. Switch arm 269 will be biased by spring 271 from
engagement with the contact 276 into engagement with
the contact 272, breaking the circuit to the coil 251, de-
energizing vibrator pump 238 and closing the circuit to
the signal light 281, thus energizing the signal light.

. Upon opening the switch 274, the circuit to. the sole-
noid 261 will be: broken, thus permitting the spring in
valve means. 263 to pivet rocker arm 262 and to open
the. valve means 263. Thus pressure within the line 241

20

will be bled back to the reservoir in casing 239 and the -

spring 237 will move the power piston 235 downwardly
to the position indicated in FIGURE 8.

By the present invention applicant has provided a
novel electro-hydraulic actuator incorporating vibrator
pump means. therein. The electro-hydraulic actuator may
be utilized to control a variety of control elements. With-
in the electro-hydraulic actuator is provided a novel vi-
brator pump mechanism which is simple in construction
and thus requires little maintenance.

From the foregoing it is apparent that the present in-
vention accomplishes the designated ob]ects intended
therefor.

While there has been shown and descrlbed partxcular
embodiments of this invention, it will be obvious to those
skilled. in the art.that various changes and modifications
may be made therein without departing from the. inven-
tion, and, therefore, it is intended in the appended claims
to cover all such changes and modifications as fall within
the- true spirit and scope of the invention.

I claim:

1. For. use with control mechanism including an elec-
trohydraulic actuator comprising a power member. adapt-
ed to be:connected to move a control member and means
for biasing. the power member in one direction, the im-
provement comprising vibrator pump means for actuating
the power member in a second direction, said vibrator
pump means: comprising a. housing having an. outlet and
a. longitudinal bore therein, an elongated reciprocable
plunger movable in said longitudinal bore and having a
passage- therethrough, a core defining an inlet opening
into said housing, said inlet opening communicating with
said longitudinal bore and said passage, a coil adapted. to
be connected. to a source of alternating -current, said
plunger, said core, and said coil defining a magnetic cir-
cuit. for moving. said plunger in one direction, means for
biasing said plunger in an opposite direction, said plunger
being reciprocable at twice the frequency- of the source of
alternating current, and: check valve means cooperating
with 'said plunger. to control movement of fluid through
the housing to one side of the power member. .

2. Vibrator pump means as in: claim 1 wherein said
vibrator pump includes a surge: damper for smoothing: out
pulsations in-the discharge pressure:

3. In.an electro-hydraulic actuator of the type includ-
ing a generally cylindrical casing-having :a power member
movable therein; said power member defining a first cham-
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ber and a second chamber in said casmg, and pump means
for actuating said power member, the improvemient com-
prising a vibrator pump including a housing having an
inlet adapted to communicate with a reservoir of control
fluid, a first outlet communicating with one of said cham-
bers, a second . outlet adapted to communicate with a
reservoir of control fluid, a reciprocable plunger in said
vibrator pump having a plurality of longitudinally ex-
tending slots in the periphery thereof, magnetic means
for actuating said plunger in one direction, spring means
for. biasing said plunger in an . Opposite direction, and
check valve means cooperating with said plunger for mov-
ing control fluid through the housing.

~4, Vibrator pump means comprising a housing having
an inlét adapted to-communicate with 'a reservoir of con-
trol fluid, a first outiet adapted to communicate with said
reservoir -and a second outlet adapted to communicate
with a pressure chamber, solenoid-actuatéd valve means
responsive to actuation -of the vibrator pump means for
closing said first outlet, means defining a bore in said
housing communicating said inlet and said outlets, a re-
ciprocable plunger movable in said bore in. said pump
means, magneiic means adapted to be connected to a
source of alternating current for actiating said plunger
in one direction, spring means biasing said plunger in an
opposite direction; and inlet and exhaust flow control
check valve means cooperating with said plunger for reg-
vlating the movement of control fluid -through the hous-
ing,-said magnetic means comprising a core in said hous-
ing and a coil adapted to connect to a source of alternat-
ing current for passing magnetic flux through said core
and said plunger, whereby as the current flow through
the coil increases the core: and plunger are atfracted to
one another and as the current flow through the ceil
decreases, -the spring means bias the plunger and core
apart.

5. Vibrator pump mearns comprising a housing having
an inlet adapted to comimunicate with a reservoir of con-
trol fluid, a first outlet adapted to communicate with the
reservoir for control fluid and a second outlet adapted to
communicate with: a pressure chamber, first valve means
responsive to dctuation of the vibrator pump means for
closing said first outlet, means defining a- bore in said
housing communicating said inlet and said outlets, a
magnetizable plunger reciprocably disposed in said bore,
said ‘plunger having a passage. therethrough, magnetic
means adapted to be conmnected to a source of alternating
currerit for actuating said plunger in one direction, means
for biasing said plunger in an opposite direction, inlet
valve means in said plunger and cooperating with said
passage in said plunger for regulating the flow of control
flaid from said passage into said bore downstream of said

- plunger, and exhatst valve means in said liousing for
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controliing the discharge of control fluid from said bore.

6. Vibrator pump means as in claim 4 wherein said
core is adjustable in said housing with respect to- said
plunger for optimizing pérformance of the pump means.
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