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The present invention relates to hydraulic control sys-
tems in which an element such as, for example, a piston
comprising a valve actuator is electrically controlled,

Large prior art valves have heretofore been operated
using a motor having its rotor either coupled directly or
indirectly through hydraulic means to an operating ele-
ment of the valve. In accordance with some of the fea-
tures of the present invention, a reciprocating motor-
type drive is used to control a hydraulic system for
uniquely applying pressure to the operating element for
the valve. While the present application describes a
valve control system, the invention in its broader aspects
is not so limited since it will be obvious to those skilled
in the art that the invention has utility for other purposes
and is, in general, useful for controlling pressures to a
cylinder containing a spring-urged piston to which pres-
sures are selectively applied.

Another important feature of the present invention in-
volves the construction of a reciprocating motor which
is particularly useful in the control of a hydraulic system.

Another feature of the invention resides in the con-
struction of an electrically driven pump which involves a
polarized solenoid construction having its coil producing
cither one of three functions depending upon whether
(1) the coil is de-energized; (2) the coil is energized with
alternating current; or (3) the coil is energized with rec-
tified D.C. In this first condition, i.e. with the coil de-
energized, a spring acting on the armature of the sole-
noid construction urges a plunger, attached to such arma-
ture, to a position within a fluid chamber wherein, at that
time, the plunger allows fluid communication between a
pressure relief port and a second port, such relief port be-
ing in communication with a cylinder containing a spring-
urged piston such that the piston may then return to its
normal position by spring forces acting thereon with the
fluid displaced by the piston flowing, in turn, through the
relief port, the chamber and the second port. In the sec-
ond condition, i.e. with the coil energized with A.C, the
armature and plunger attached thereto vibrate about a
mean position to achieve a pumping action in the cham-
ber, the plunger serving to maintain the relief port closed
and to periodically open the second port for entrapping
fluid which is discharged into the cylinder through a
‘spring-urged valve that normally closes one end of the
chamber, to thereby pump fluid into the cylinder and to
move the piston therein against its spring-urging means.
In the third condition, which is achieved when the piston
is moved to its fully actuated position to cause the sole-
noid coil to be energized with rectified D.C., the pumping
action terminates and the plunger closes both the relief
port and the second port to maintain the pressure in the
cylinder and the piston in its fully actuated position.

It is therefore a general object of the present invention
to provide improved means and techmiques for accom-
plishing the above-indicated features.

Anmnother general object of the present invention is fo
provide a system and component parts thereof func-
tioning to produce the results indicated above.

A specific object of the present inventicn is to provide
an improved pump using a polarized solenoid construc-
tion.

Another specific object of the present invention is to
provide a reciprocating motor containing a single coil but
responsive to three different conditions.
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Another specific object of the present invention is to
provide a novel construction for a polarized solenoid.

Another specific object of the present invention is to
provide a hydraulic actuating system characterized by
its simplicity, flexibility, inexpensiveness and its fail-safe
feature involving restoration of parts to their normal
positions upon current failure.

Another specific object of the present invention is to
provide a system of this character using a polarized sole-
noid performing three basic functions in accordance with
the method of electrically operating the solenoid.

Another object of the present invention is to provide
an arrangement of this character in which a hydraulically
operated means may be selectively positioned in any one
of a range of positions.

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended claims. This invention itself, both as to its
organization and manner of operation, together with
further objects and advantages thereof, may be best
understood by reference to the following description tak-
en in connection with the accompanying drawings in
which:

FIGURE 1 illustrates a construction and system em-
bodying features of the present invention.

FIGURE 2 illustrates a modification of the
invention,

FIGURE 3 illustrates another modification of the
present invention.

Referring to FIGURE 1, a purpose of the system
shown therein is to position a piston 10 within its cylin-
der 11, the piston 10 having its rod 10A serving as a
control for valve 12, and, as illustrated, such rod 10A
carries a switch-actuating member 10B which, in a pre-
determined condition of valve 12, engages and moves the
movable switch arm 13A from its normally engaged sta-
tionary contact 13B to open switch 13. This switch 13 is
used to either short-circuit the rectifier 14 or to allow such
rectifier 14 to be connected in series with the two coils 15
and 16 of the solenoid construction 17, to thereby pro-
vide a means whereby such coils 15, 16 may be energized
either with A.C. or with rectified D.C. One terminal of
coil 15 is connected to one terminal of the A.C. source
18, the other terminal of coil 15 being connected to one
terminal of coil 16 having its other terminal connected
to stationary conact 13B and also to one terminal of rec-
tifier 14, the other terminal of rectifier 14 and the switch
arm 13A being connectable through the on-off switch
28 to the other terminal of source 18.

The coils 15 and 16 are sandwiched between an upper
series of disc-shaped laminations 22 and a lower series
of like disc-shaped laminations 23 with a third series of
like disc laminations 24 separating the two coils 15 and 16.
Magnetic polarization is accomplished using four ceramic-
type permanent magnet bars 26, 27, 28, and 29 each hav-
ing their north and south poles oriented as shown in
FIGURE 1, the bar magnets 26 and 27 being sandwiched
between laminations 22 and 24 on opposite sides of coil
15 and the bar magnets 28 and 29 being sandwiched be-
tween laminations 23 and 24 on opposite sides of coil 16,
the coils and bar magnets being maintained in such sand-
wiched relationship by non-magnetic machine screws 32
and 33 which extend through apertured portions in the
laminations 22, 24 and 23 and which are threaded into
an open yoke supporting structure 35 which is formed
at its Jower end to provide a fluid chamber 36, a valve
seat 37 and ports 38 and 3¢ communicatable with the
chamber 36. A plunger 42 extends into the chamber 36
and forms an extension of the armature 43. A coil com-
pression spring 44, acting between a portion of the yoke
structure 35 and the armature 43, normally urges the
armature 43 (in the open position of switch 20) against
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the bar stop 46-mounted on the series of laminations 22;
and in such normal condition (switch 28 open) the plunger
42 allows communication of the ports 38 and 39 through
‘chamber 36. - :
Tn the condition shown in FIGURE 1 wherein switch 29
“is closed and -switch 13 shert-circuits the rectifier 14, an
- AC. current flows through the coils 15 and 16 causing
_ the armatire 43 and the plunger 42 attached thereto to
vibrate about a mean ,posmon to achieve a pumping
action. During-such pumping- action, the end 42A of
plunger 42 moves between an upper position and a lower
position, the upper position being above port 38 but below
port 38 and the lower position of the end 42A being below
port 39, In other words, the port 38 during such pumping
action remains closed while the port 39, to which a fluid
inlet line- 5@ ‘is connected, is penodlcally opened. and
closed, to periodically entrap fluid in chamber 36 and to
dlsplace the entrapped fluid. . The entrapped and displaced
fluid flows through the ‘check valve 54 and port 85 and
conduit 56 and cyhnder opening 57 into the interior of
cylinder 11. Tt is noted that the check valve 54 includes
the disc 60 which is urged against its seat 37 by the. coil
compression spring 62 having one of its ends bearing on
the valve plate 60 and the other one of its ends bearing
on the cover member 64, the cover memiber 64 having
the port 55. This conduit 56 is also connected to the port
38 through the T connection 68. .
This pumping action results in pressurizing the cylinder
11, causing the piston 10 to move downwardly against
the action of the coil compression spring 16C having one

of its-ends illustrated as bearing on the piston 10 and thpl

other one .of its ends bearing on a wall of cylinder 11.
The piston 16 then continues to move downwardly, op-

-erating the valve 12, and in a predetermined condition of

the valve 12, the arm 18B opens the switch 13 to place
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the previously short-circuited rectifier 14 in series circuit -

‘with the coils 15 and 16, in which case, then, these coils
15 and 16 are energ1zed with a rectified D.C. and recipro-
,catmcr or pumping action ceases. Because of the unidirec-
tional current flowing through the coils 15 and 16 at this
time, the armature 43 is maintained against the action of

spring 44 in a position lower than: its previously described
mean position of oscillation with the plunger end 42A
below the port 39, thereby maintaining both ports 38 and
39 closed .and maintaining all of the previously pumped
fluid in the cylinder 11 in an entrapped condition. - Should
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permanent magnet bars 28, 22 tend to move the armature
43 downwardly, cons’dermg the armature 43 to be in its
central position shown in FIGURE 1 wherein the upper
end of armature 43 is spaced below the magnetizable lam-
inations 22 and the lower end of armature 43 is spaced
above the magnetvable laminations 23.

When the series-connected coils 15 and 16 are energized
with an A.C. current, the armature 43, normally pressed
into engagement with the bar stop 46 by the biasing spring
44, moves downwardly, seeking a central position within
the “assembled ‘coils 15 and 16 but is unable to reach a
static position because of the magnetic polarization pro-
duced by the bar magnets 2§, 27, 28, and 28. - Thus, dur-
ing one half cycle of the alternating energmng current,
the magnetic flux produced thereby is in opposition to
the magnetic flux produced by the permanent magnet bars
26 and 27 and in-aiding relationship to the magnetic flux
produced- by permanent magnet bars 28 and 29, thereby |
unbalaicing the balanced polarized condition, and the
armature 43 moves downwardly, but during the ‘next half

‘cycle of the altérnating energizing current the conditions

are reversed, the effect of permanent magnet bars 26 and
27 being strengthened and the effect of permanent mag-
net bars 28 and 29 being weakened with the ‘result that
the armature 43 moves upwardly.. Thus, during succes-
sive half cycles of the energizing current, there is corre-
sponding upward and downward movement of the arma-
ture 43, i.e. the armature 43 and panger 42 connected
thereto:vibrate.

Whern the coils 15-and 16 are energlzed with a unldlrec- '
tional voltage, i.e. under the condition when switch 13 is
open, the magnetic flux produced by coils 15 and 16 is
such that such flux is in aiding relationship to the flux
produced by permanent magnet bars 28 and 29-and is in
opposition to the magnetic flux produced by the upper
permanent magnet bars 26 and 27 and thus the armature
43 -is maintained in-a substantially static condition in a
lower position wherein the plunger-end 42A is below the
port 3% to maintain the same closed. = -

In the modification shown in FIGURE 2, the switch 20 -
of FIGURE 1 is replaced by a single-pole, double-throw

“switch 120 having a central open position and an additional

. rectifier 114 is added. Considering the switch arm 126A
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there be some leakage from cylinder 11, the piston 10

moves upwardly under the influence of spring 18C to
.allow the ‘switch 13 to lclose, upon which the previously
mentioned pumpmg action’is initiated and continues. until
the switch 13 is again opened. ~Upon opening of switch
20, the spring 44 moves the plunger 42 upwardly to allow
_.the ports 38 and 3% to intercommunicate, and the pre-
-stressed coil sprmg 18C moves the piston £ upwardly, dis-
'placmv the fluid in front of piston 10 through- the open-
ing 57, T connection 68, conduit 70 and ports 38 and 39
tothe ﬂuxd inlet line 56.

Thus, in opération of the system upon faﬂure in source

18 (or when switch 20 is open), the spring 44 urges the

plunger 42 to its extreme upper position wherein ports
-°38 and 32 are in. communication through chamber- 35
-and the piston 1@ is allowed to-move to its uppermost posi-
tion under. the influence of spring 16C. Under the con-
_dition ‘shown in FIGURE 1 wherein switches 20 and 13
are both_closed; the plunger 42 reciprocates, maintaining,
‘however, port 38. closed and. pumps fluid from inlet line
50 through check valve 54 into cylinder 11 and causing
-the piston 16 to move downwardly until its arm.- 188 opens
switch' 13, in which case pumping action ceases and- the
.plunger end 42A is maintained below the port 39 to en-
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.operation. is as described above.

and its stationary contact 12€B, which is connected to one
terminal of rectifier 14 and one terminal of switch 13, the
The switch 120 has its
stationary contact connected to one terminal of the.added
rectifier 114, the other terminal of rectifier 114 being con-
nected to that terminal of coil 16 to which the rectifier 14
is connected. . It should be noted, however, that the recti-
fiers 114 and 14 are poled differently so that when the
switch arm 126A engages the contact 120B,. the unidirec-
tional current which then flows through the coils 15 and 16
is. opposite - to -that unidirectional current which flows

‘when the switch arm 120A contacts the stationary con-

tact 126C. The contact 126C and added rectifier 114

- thus-serve as a means Whereby the action of sprmg 44

may be supplemented or, in some cases, eliminated since

when the coils 15 and 16 are energized through rectifier
114, the armature 43 is moved to-an upper position in
" contrast to the lower position to which the armature 43
is moved when the coﬂs 15, 16 are energized through

. rectifier 14.
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trap. previously pumped liquid in cylinder 11 and thereby =

.maintain the piston 19 in its lower or actuated condition.
. Tt will be noted that the permanent magnet -bars 26; 27,
28, and 29 are so polarized that the upper bars 26 and 27

-tend to ‘move the armature 43 upwardly -and the lower-

In some cases the two: c01ls 15,16 may be replaced by
a single coil. s

It will also be observed that the structure descrlbed is
open in that an open yoke 3§ is provided and a simple bar

_stop is provided to allow fluid circulation in those cases

when the ‘assembly is-mounted in an oil bath from which
the oil is used to operate the piston 8.  This open struc-
ture allows freedom of movement of the armature 43.
If desired; a filter capacitor 79 may be connected across
the series circuit comprising the series connected coils 15
and 16 as illustrated in FIG. 1. .
Also in FIG. 1 it-is noted that the amount of clearance
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between piston 42 and cylinder 36 illustrated therein is for
illustrative purposes since it is preferred that such clear-
ance be in terms of thosuandths of an inch and may be
as small as a fraction of a thousandth of an inch.

In the modification shown in FIG. 3 a two pole sequen-
tial switch 281, 202 is incorporated to provide a position-
ing form of control. It will be seen that FIGS. 1 and 3
‘are similar with the switch 281 being connected in a
series circuit which comprises, source 18, switch 28, switch
201, rectifier 14 and coils 16 and 15 in that order; and
'switch 202 is connected in series with switch 13 and recti-
‘fier 14. - In operation of the switches 201, 282 to closed
“position, switch 201 is first closed followed by a subse-
quent closure of switch 292; and in operation to open
position, switch 202 first opens followed by a subsequent
‘opening of switch 201. Thus there are three conditions
established during operation of the composite switch 261,
202, namely either (a) both switches 261 and 262 are
‘closed, (b) only switch 201 is closed or (c) both switches
261 and 292 are open. )

- Under condition (a) above the operation of the system
of FIG. 3 is as described above in connection with FIG. 1.
Under condition (b) above with only switch 201 closed
‘and, switch 202 open (a condition corresponding to the
opening of switch 13) the piston 10 is maintained in a
‘'stationary position above (FIG. 1) the position it is main-
tained when the arm 16B opens switch 13. Thus this con-
‘dition" (b) is established by operation of switch 201, 2¢2
‘to maintain piston 10 in a selected intermediate position
above its lowermost position. .

Under condition (c) above i.e. with both switches 201,
202 in their open positions, the plunger 42 urged by
spring 44 is in a position to uncover ports 38 and 39 and
the piston 16 returns to its uppermost position under the
influence of spring 186C. Thus the provision of the com-
posite switch 201, 202 provides a thrust action, a holding
action or return action corresponding respectively to con-
ditions (a) (b) and (c) above. Upon failure of the
power source 18 or opening of switch 20 the piston 10
returns to its uppermost position and thus it will be
seen that switch 26 or any other additional switch which
may be placed in serjes therewith is capable of overriding
the control imposed by the composite switch 201, 262.

It will be apparent that means such as for example a

knob or electromagnet actuator may be used to produce
operation of the above described composite sequential
switch 201, 202,
“. While the particular embodiments of the present inven-
tion have been shown and described, it will be obvious to

“those skilled in the art that changes and modifications
‘may be made without departing from this invention in
‘its broader aspects and, therefore, the aim in the appended
claims is to cover all such changes and modifications as
“fall within the true spirit and scope of this invention.
. X claim:
. 1. In a system of the character described, a first fluid
cylinder; a first piston in said cylinder; a second fluid
cylinder; a second piston in said second cylinder; check
valve means in said first cylinder opened by pressure de-
veloped in said first cylinder by movement of said first
piston therein; said check valve meang having its outlet
in communication with said second cylinder; a pair of
radially extending and longitudinally spaced ports in said
first cylinder; one of said ports being in communication
with said second cylinder; the other of said ports: being
in communication with a fluid source; contact means,
means controlled by the position of said second piston
for actuating said contact means, electromagnetic means
controlled by said contact means for producing movement
of said first piston with respect to said ports; and a
utilization means connected to said second piston,

2. In a system of the character described, a first piston-
cylinder assembly comprising a first pisten and a first
cylinder; a second piston-cylinder assembly comprising a
second piston and a second cylinder; said first cylinder
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having first and second radially extending and longitudi-
nally spaced ports; conduit means extending between one
end of said first cylinder and one end of said second cyl-
inder; check valve means in said conduit means which
is opened in accordance with positive pressures developed
in said first cylinder; first said port being in communica-
tion with said one end of said second cylinder; the second
said port being in communication with a fluid source; con-
tact means, means controiled by the position of the said
second piston for actuating said contact means, electro-
magnetic means controlled by said contact means and
operable for vibrating said first piston to alternately open
and close said second port while maintaining said first port
closed; means for selectively controlling said electromag-
netic means to maintain said first piston in a position
wherein both said ports are closed and to maintain said
first piston in a position wherein both said ports are open;
and a utilization device connected to said work piston.
3. In a system of the character described, a pair of
aligned solenoid coils; a first magnetizable structure inter-
posed between adjacent ends of said coils; a second mag-
netizable structure mounted adjacent an outermost end of
one of said coils; a third magnetizable structure mounted
adjacent an outermost end of the other of said coils; a
first pair of permanent magnet bars extending generally
parallel with and on opposite sides of said one coil; said
bars extending between said first and said second struc-
tures and having the same magnetic pole adjacent said first
structure; a second pair of permanent magnet bars extend-
ing generally parallel with and on opposite sides of said
other coil; said second pair of bars having the same mag-
netic poles adjacent said first structure; the magnetic poles
of said first and second pairs of bars being the same
at said first structure; a plunger moveable in said coils
and extending into each of said coils; plunger stop means
on said second structure; a stem carried on said plunger
and serving as a first piston; an open ended cylinder
through and within which said first piston moves said
plunger extending through a first end of said cylinder;
means mounting said cylinder on said third magnetic
structure; a coil compression spring between said plunger
and said cylinder and normally urging said plunger to-
wards said stop means; said cylinder having a first port
and a second port each extending radially therethrough;
check valve means in the other or second end of ‘said
cylinder; said first port being located closer to said first
end than is said second port with a space in said cylinder
between said ports; said check valve means having an out-
let and being opened by pressure developed in said cyl-
inder by movement of said plunger; first conduit means
extending between said outlet and said first port; said
second port being connected to a’ fluid source; a work
cylinder; a work piston in said work cylinder; second con-
duit means communicating said outlet with one end of
said work cylinder; spring means urging said work piston
towards said one end of said work cylinder; an element
operated by said work piston; normally closed switching
means operated to an open condition upon movement of
said work piston to a predetermined position; an on-off
switch; rectifier means; a series electrical circuit which
includes each of said coils, said on-off switch and said
rectifier means; said series circuit terminating at terminals

_ for connection to a source of alternating current; said

75

switphing means being connected in parallel with said
rectifier means to alternatively allow either an A.C. cur-

-rent or a rectified D.C. current to flow through said coils;
.said coils when de-energized allowing said plunger stem
-to uncover both said first and second ports; said coils

when energized producing a vibratory movement of said
plunger stem through a range of movement wherein said
first port remains closed by said stem and said second

_port is alternately opened and closed to produce a pump-

ing of fluid into said work cylinder; said coils when ener-
gized with rectified D.C. current maintaining said stem
in a position wherein it closes said first and second ports.
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4. In a system of the character described, a first piston--
cylinder assembly including a first piston and a first cyl-

inder; a second piston- cyhnder assembly including a sec-

ond piston and a second cylinder; check valve means inter-

connecting said first and second cylinders; said first cyl- -

inder having a first and a second port spaced longitudinally
with respect to the first piston therein; said first port
‘béing in communication with said - second cylinder;. a
finid source ‘in - communication with said second port;
contact means, means controlled by the position of said
second piston for actuating said contact means, electro-
magnetic operating means controlled by said “contact
means and operatively connected to said first piston and
'havmg three operating conditions, said operating means
~ in afirst of said conditions incorporating means for main-
‘taining said first piston in a position: wherein said first
pisten uncovers both said:first and second ports; said
)opelatlng means in a second: condition 1ncorp0ratn:try

means for. vibrating said first piston about a mean posi-

tion between said first and second ports without uncover-
mg said first port and alternately covering and uncover-
ing said-second port; said operating means in a third con-
dition incorporating means for maintaining said first piston
in a position wherein said first piston covers both said
first and second: ports; and utilization means connected
to said second piston.:

8, A system as set forth in claim 4 in which spring
means acts on said second piston in a direction tending to
-displace fluid from said second cylinder:to said first cyl-
inder through said first port; and said check valve means
allows substantial fluid fiow only in the direction from said
first to said second cyhnders' ' :

6. A system as set forth in claim 4 'in which said oper-
ating means includes a polarized solenoid operator with
an -armature connected to-said first plston, said means
operative in a first condition in¢luding a spring, said means
operatxve in a second condition including an A.C. ener-
gizing circuit for said solenoid operator, and said means
operatlve in a third condition including a umdlrecuonal
energizing circuit for said solenoid operator.

7. In a system of the character described, an electro-
magnetic operator, including a pair of axially- aligned- coils
and an armature, a first magnetic structure between adja-
cent ends of said coils, a second magnetic structure near
an outer end of one of said coils, a third magnetic struc-
ture near an outer end of the other one of said coils,
“first permanent magnet- means between said first ‘and
‘second magnetic structures, second permanent magnetic
means between said first and third magnetic ‘structures,

‘the first and second permanent magnetic means having 0

poles of the same polarity at said first magnetic structure,
and means for alternately applying an A.C. current or a
- unidirectional current to said coils.

8. A system as set forth in claim 7 in which spring
means act between said - permanent magnet, magnetic
structures, and said armature to urge the armature towards
a first position, said coils when energized with A.C. cur-
rent producing vibration of said armature about a second
mean position, and said coils when energized with uni-
directional current maintaining said- armature ina th.lI‘d
position.

9, A system as set forth in claim 8 including a plStOIl
cylinder assembly having a pair of relatively moveable
eléments, one of said elements beéing connected to said
-armature, and the other of said elements having stationary
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means effectlve to urge said piston to. a position wherein
both of said ports are closed, said coils when energized
with ‘A.C. current producing.an oscillatory. condition' of
said piston to alternately open and close one of said

-"ports while maintaining the other port closed, and said

coils when energized with unidirectional current maintain-
ing both of said ports closed by said piston.

i1. A system as set forth in claim 10, including a sec-
ond piston-cylinder assembly including a second cylinder
and a second: piston, check valve means between said

first and second cylinders, said other port being in-com-

munication with said second cylinder, said one port being
in .communication with a fluid source, and spring means
actirig between said second piston and said second cylinder
tending to displace fluid from said second cylinder; through
said other port to the first cyhnder

12.-A system as set forth in claim 11, including means

-operated in accordance with the position of said second
- piston for alternately energizing said coils with either A.C.

or unidirectional current of a first polarity.
13.°A system as set forth in claim 10 in which said
urging means includes a spring acting between said frame

‘member and said armature.

14. A system as set forth in claim 12 in whlch said
urging means includes an energizing circuit for energizing
said coils with a unidirectional current of a second polarity.

15. In a system of the character described, a polarized
solenoid construction including a movable element there-

of, said structure when energized with' A.C. current pro-

ducing a vibratory movement of said element about a
first mean position, said" structure when energized with

‘a unidirectional current maintaining  said -element in a

second position, means operatively connected to said con-
struction for maintaining said element in a third. position,
and fluid control means operatively connected to said
element and- controlled differently  in accordance with

.each-of said ﬂrst second, and third positions of -said

element.

16. A system as set forth in claim 15 in whlch said
means for mamtammg sa1d element in said third position
includes a spring.

17. A system as set forth in claim 15 in which said
means for maintaining said element in said third position
includes an electrical circuit for energizing said structure
with a unidirectional current.

18.” A system as set forth in claim 1 including means
for selectwely positioning and maintaining” said second

" .piston in one of a plurality of positions W1th1n the range
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“ports cooperating with said piston differently in corre- |

- sponding different ones of said positions of said armature.

10. A system as set forth in claim 8 including an open. '

- frame member on which said magnetic structures. are sup-
ported,- a piston connected to said armature and slidable
on said frame member, a fluid -cylinder cooperating with
" said piston and having a pair of: ports therein longitudi-
" nally spaced with respect to the axis of said piston, urging

70

of its movement.

19. In asystem of the character descnbed an electro-
magnetic actuator including coil means therefor, rectifier
means, means for connecting said coil means to. a source
of altérnating current through said rectifier means, switch
means, circuit means including said switch means in par-
allel with said rectifier means, and means operated by

“said actuator for operating said ‘switch means.

20. A system as set forth in claim 19 including second
switch means in series with said coil means and said recti-
fier means, third switch means in said circuit means in
sefies with said switch means, said second and third switch
means being sequentially -operable such that either said

“second switch means is closed “and -said third switch

means being open or said second and third switch means
are both ‘closed or said second and third switch means
are both open. .
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