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ABSTRACT OF THE DISCLOSURE 

The disclosed operating device for moving, for example, 
a movable contact of a current interrupter from its closed 
position to its open position and vice versa comprises a 
pair of stationary magnetic cores of permanent magnet 
material disposed in spaced relation to opposed internal 
Walls of a magnetic housing and a movable armature mov 
ably disposed lbetween the stationary cores to‘ move the 
movable contact. Each stationary core is surrounded by 
an exciting coil having a parallel combination of current 
limiting resistor and a semi-conductor diode. In the closing 
operation a closing switch is closed to discharge a charge 
with one polarity on one of two capacitors into ‘both coils 
through the respective resistor and diode combinations. 
The particular stationary core by which the armature is 
to be attracted is completely magnetized because of con 
duction of the associated diode while the other core 
magnetized oppositely. to the particular core is substan 
tially completely demagnetized by means of the action of 
the associated limiting resistor with the result that the 
armature is moved to contact the movable contact with 
the associated stationary contact. Therefore, the armature 
and hence the movable contact is maintained at its moved 
position even after deenergization of the coils. In the 
interrupting operation, a process reversed from that above 
described is effected. 

______..___ 

This invention relates in general to an operating device 
and more particularly to such a device utilizing an electro 
magnet to move an element to be operated from one to 
the other of a pair of its positions and vice versa and to 
maintain the element at its moved position until it is de 
sired to return back to its original position. 
The conventional type of operating devices referred to 

is very disadvantageous in View of the economical stand 
point in that means should be provided for maintaining 
elements to be operated in their operated state. For ex 
ample, such an operating device associated with a current 
interrupter and employing an electromagnet has been 
commonly required to include a mechanical mechanism 
for anchoring the interrupter to its operated position, in 
addition to the electromagnet. In the conventional, rela 
tively small-sized switches and the like, such a mechani 
cally anchoring mechanism has not been used but the 
operating coil involved has been forced to have a current 
continuously ?owing therethrough. 

It is, accordingly, a general object of the invention to 
provide a new and improved operating device for moving 
an element to be operated from one to the other of its 
two positions and vice versa, simple in construction, com 
pact, light in weight and inexpensive in which a movable 
part reduces in weight as well as the operative speed 
characteristics are greatly improved. 

Brie?y, the invention accomplishes the above cited ob 
jects by the provision of an operating device for moving 
an element to be operated from one to the other of a pair 
of its position and vice versa, comprising at least one 
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operating electromagnet controlled by an exciting coil to 
move the element, characterized by a stationary magnetic 
core member of permanent magnet material disposed in a 
magnetic circuit around the electromagnet, and means 
for controlling energization of the exciting coil to alter 
nately magnetize and demagnetize the magnetic core 
member thereby to move the element and to maintain 
it at its moved position after deenergization of the ex 
citing coil. 
A current limiter may advantageously be connected in 

series to the exciting coil to decrease a ?ow of current 
through the exciting coil upon demagnetizing the operat 
ing electromagnet as compared with that upon magnetiz 
ing the latter thereby to perform the magnetizing and 
demagnetizing operations by the common exciting coil. 

In a preferred embodiment of the invention the operat 
ing device may comprise a housing made of a magnetic 
material, a pair of stationary magnetic core members of 
permanent magnet material rigidly secured in spaced re 
lationship on the opposed internal wall surfaces of said 
housing, a movable armature member of magnetic ma 
terial movably disposed between said pair of stationary 
magnetic core member and including a control rod con 
trolling the position of said element to be operated, one 
exciting coil surrounding each of said stationary magnetic 
core members, a current limiter means connected in series 
circuit relationship to each of said exciting coils, and 
means for simultaneously energizing both of said exciting 
coils through said current limiters, said current limiter 
means being operative not to limit a ?ow of a current 
z?owing through one exciting coil associated 'with the par 
ticular stationary magnetic core member by which said 
movable armature member is now to be attracted thereby 
to permit that stationary core member to be magnetized 
but to limit a current ?owing through the other exciting 
coil to such a magnitude that the remaining stationary 
magnetic core member is substantially demagnetized. 
The invention as its organization and its mode of opera 

tion as well as other objects and advantages thereof will 
become readily apparent from the following detailed de 
scription when read in conjunction with the accompanying 
drawing in which: 
FIG. 1 is a side elevational view, in cross section of an 

operating device constructed in accordance with one em 
bodiment of the invention; 

FIG. 2 is a schematic diagram of a circuit which may 
be used with the operating device illustrated in FIG. 1, 
and 
FIG. 3 is a graph useful in explaining the principles 

of the invention. 
While the invention will now be described in terms of 

a current interrupter it is to be understood that it is 
equally applicable to any other apparatus including an 
element to be driven from one to the other of its two posi 
tions and vice versa and to be maintained at its driven 
position for any desired interval of time. 

Referring now to the drawing and FIG. 1 in particular, 
there is illustrated an operating device constructed in ac 
cordance with the teachings of the invention. An arrange 
ment illustrated comprises a housing 10 of any suitable 
magnetic material, an apertured stationary magnetic core 
member, or attracting and holding element, ‘12 made of 
any suitable permanent magnet material and rigidly 
secured to one internal wall surface, in this case, an upper 
internal wall surface as viewed in FIG. 1 of the housing 
10, a stationary magnetic core member, or attracting and 
holding element, 14 of the same material as the core 
member 12 and rigidly secured to the opposed or lower 
internal wall surface of the housing 10, and a movable 
armature member 16 of any suitable magnetic material 

movably disposed between the upper and lower stationary 
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core members 12 and 14. The movable armature mem 
ber 16 is provided on that side facing the upper core 
member 12 with a central control rod 18 loosely extend 
ing through aligned apertures formed in both the upper 
core member 12 and the upper wall of the housing 10 
and having mounted at the extremity an element to be 
operated, in the illustrated example, a movable contact 
member 20 of the associated current interrupter (not 
shown). The movable contact member 20 is adapted to 
engage and disengage from a stationary contact member 
22 opposing to the same. The upper core member 12 may 
be called a closing stationary core member and the lower 
core member 14 may be called an interrupting stationary 
core member for the reasons as will be apparent herein 
after. 

Disposed within the housing 10 are an exciting coil 24 
surrounding the upper or closing stationary core mem 
ber 12 and another exciting coil 26 surrounding the lower 
or interrupting stationary core member 14 as shown in 
FIG. 1. Further a ?ange-shaped protrusion 28 made of the 
same magnetic material as the housing 10' extends from 
the lateral internal wall surface of the housing toward the 
movable armature member 16. 
With the arrangement illustrated it will be appreciated 

that the upper stationary core member 12, the top hous 
ing wall, the upper half of the lateral housing wall, the 
protrusion 28 and the movable armature member 16 form 
a magnetic circuit through which a magnetic ?ux due to 
the upper coil 24 ?ows with a permanent magnet com 
posed of the core member 12 disposed in the magnetic 
circuit. Similarly the lower stationary core member 14, 
the bottom housing wall, the lower half of the lateral 
housing wall, the protrusion 28 and the movable arma~ 
ture member 16 form another magnetic circuit includ 
ing a permanent magnet. 

Referring now to FIG. 3 solid curve designates an 
initial magnetization curve along which the material of 
the upper stationary magnetic core 12 may be ?rst pro 
gressively magnetized in one direction, for example, in a 
positive direction and then gradually demagnetized until 
it is substantially completely demagnetized and dotted 
curve designates a similar curve for the material of the 
lower stationary magnetic core member 14 in the case 
the core is ?rst magnetized in a negative direction. 

In general, if a magnetic ?eld applied to a permanent 
magnet material varies in both magnitude and direction 
the residual magnetic ?ux density thereof may have any 
desired magnitude. For example, if a magnetic ?eld hav 
ing a strength of H1 is applied to the closing stationary 
magnetic core member 12 through suitable energization 
of the closing coil 24 then the core member will have a 
residual ?ux density of Br while a magnetic ?eld having 
a strength of '-H2 will result in the core member 12 
being substantially completely demagnetized or having 
the null residual ?ux density. Therefore alternate switch 
ing of the stationary magnetic core member 12 between 
its magnetized and non-magnetized or demagnetized 
states permits the movable armature member 16 to be 
alternately attracted to and released from the stationary 
core member 12. This is true in the case of the interrupt 
ing stationary magnetic core member 14. It is, however, 
to be noted that the interrupting core member 14 should 
be put in its ‘magnetized state quite reversed from the 
closing core member 12. 
More speci?cally, upon closing the associated current 

interrupter (not shown), the closing coil 24 is energized 
such that it establishes in the material of the closing sta 
tionary magnetic core member 12 a magnetic ?eld (H1) 
having such magnitude and direction that the core mem 
ber 12 has a residual magnetic ?ux density of Br while at 
the same time the interrupting coil 26 is energized such 
that it establishes in the material of the interrupting sta 
tionary magnetic core member 14 a magneitc ?eld (H4) 
having such magnitude and direction that the core mem 
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4 
her 14 has the null residual flux density (see FIG. 3). 
Under these conditions, the movable armature member 
16 is released from the interrupting core member 14 to 
be permitted to be attracted by the closing core 12 there 
by to close the associated interrupter through contacting 
of the movable contact 20 directly connected to the con 
trol core rod 18 with the stationary contact 22. After 
the deenergization of both the coils 24 and 26 the mov 
able armature member 16 is maintained in contact with 
the closing core member 12 to hold the interrupter close 
until the subsequent interrupting operation is performed. 

If the closed interrupter is to be open, an operation 
reversed from the closing operation just described is per 
formed. More speci?cally, the interrupting coil 26 is 
energized such that it establishes in the material of the 
core member 14 a magnetic ?eld (=-H3) having such 
magnitude and direction that the core member 12 has a 
residual flux density of —Br while at the same time the 
closing coil 24 is energized such that it establishes in 
the material of the closing core member 12 a magnetic 
?eld (-—H2) having such magnitude and direction that 
the core member 12 has a null residual flux density (see 
FIG. 3). This permits the movable armature 16 to be 
released from the upper core 12 and to contact the lower 
core 14 thereby to open the interrupter. Then the arma 
ture holds the interrupter in its open position after de 
energization of the coils 24 and 26. 

In order to repeat the closing and interrupting oper 
ations as above described, the closing and interrupting 
coils 24 and 26 can be alternately driven into their pre 
determined energized states under which each coil alter 
nately establishes in the material of the associated sta 
tionary magnetic core a magnetic ?eld having respec 
tively such magnitudes and directions that the core is 
magnetized and demagnetized respectively. Then with 
the coils driven in such energized states, the closing and 
interrupting operations are alternately performed and the 
associated current interrupter is alternately held in its 
closed and open positions after deenergization of the 
coils. The operating device illustrated in FIG. 1 can be 
effectively operated as above described by means of an 
electric circuit shown in FIG. 2. 
As shown in FIG. 2, the closing coil 24 has one end 

connected to one terminal of any suitable source 30 of 
alternating current and the other end connected to the 
other terminal of the source through a current limiter 
network generally designated by the reference numeral 32, 
a series combination of normally open resettable switch 
34 for use in the closing operation, a charging semicon 
ductor diode 36 and a limiting resistor 38. The serially 
connected switch and diode 34 and 36 are electrically 
connected in parallel to a similar serial combination com 
prising a normally open, resettable switch 35 for use in 
the interrupting operation and a semiconductor diode 37 
with both diodes poled reversely from each other. The 
current limited network 32 is shown as comprising a cur 
rent limiting resistor R1 and a unidirectional conduction 
element or a semiconductor diode D1 connected in paral 
lel to each other. 

Similarly the interrupting coil 26 has one end con 
nected to the one terminal of the source 30 through a 
current limiter network 33 of the same construction as 
the network 32 and the other terminal connected to the 
other terminal of the source 30 through the above 
mentioned parallel combination of serially connected 
switches and diodes, and the resistor 38. Since the limiter 
network 32 and 33 are of the same construction the 
components of the network 33 are designated the same 
reference characters su?ixed with the numeral “2” rather 
than “1.” 
A capacitor 40 is connected between a junction of the 

switch and diode 34 and .36 and the source 30 while 
another capacitor 41 is connected between a junction of 
the switch and diode 35 and 37 and the source 30. It is 
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noted that the capacitors 40- and 41 are charged with op 
posite polarities from the source 30 respectively, as shown 
in FIG. 2. 
The closing operation will ?rst be described in con 

junction with FIGS. 1 to 3 inclusive. Before the closing 
operation, the closing stationary magnetic core member 
12 has been substantially completely demagnetized while 
at the same time the interrupting stationary core mem 
ber 14 has been in its magnetized state in which it has a 
residual magnetic ?ux density of —BT (see FIG. 3) as 
will be readily understood from the foregoing descrip 
tion. Also the capacitor 40 has been charged with one 
polarity while the capacitor 41 has been charged with 
opposite polarity from the source 30. 

Under these circumstances, the switch 34 for use in 
the closing operation can be enclosed to permit the charge 
on the capacitor 40 to discharge. The discharge current 
from the capacitor 40 flows into both the closing and 
interrupting coils 24 and 26. However, since the upper 
capacitor side is positive with respect to the lower side, 
this discharge current ?ows forwardly with respect to 
the diode D1 of the current limiter network 32 of the 
coil 24 to cause it to short circuit the resistor R1 whereas 
the current ?ows reversely with respect to the diode D2 
of the current limiter network 33 for the coil 26 to render 
it non-conducting whereby the resistor R2 of the network 
33 remains serially connected to the coil 26. Therefore, 
the closing coil 24 has ?owing therethrough a ‘current 
su?icient to produce in the material of the closing core 
member 12 a magnetic ?eld having a magnitude of H1 
for magnetizing the latter to saturation, but the interrupt 
ing coil 26 has ?owing therethrough a current reduced in 
magnitude by the resistor R2 so as to- establish a magnetic 
?eld having a magnitude of H4 in the material of the 
interrupting core member 14. In this connection it is to 
be noted that the resistor R2 should have a magnitude of 
resistance capable of establishing in the magnetic core 
material 14 a magnetic ?eld having a magnitude of H4 
in which the residual magnetic ?ux density of the core 14 
just decreases from -—Br to Zero. 
As a result, the closing core member 12 has a residual 

?ux density of Br while at the same time the interrupting 
core member 14 completely demagnetized to have sub 
stantially a null residual ?ux density. This causes the 
movable armature member 16 to be released from the 
interrupitng core member 14 to be attracted by the clos 
ing core member 12 whereupon the movable contact 20 
contacts the stationary contact 22 to close the current 
interrupter. As previously described, the interrupter is 
held in its closed position after deenergization of the coils 
24 and 26, through opening of the switch 34. 
Upon performing. the interrupting operation, the switch 

35 for use in that operation is closed to permit the ca 
pacitor 41 to discharge. As in the closing operation a dis 
charge current from the capacitor 41 will ?ow through 
both the closing and interrupting coils 24 and 26. In this 
case, however, as the capacitor 41 has its polarity oppo 
site to that of the capacitor 40 the discharge current 
v?ows forwardly with respect to the diode D2 of the cur 
rent limiter network 33 for the interrupting coil 26 to 
conduct it to short circuit the associated resistor R2 while 
the current ?ows reversely with respect to the diode D1 
to render it non-conducting whereby the associated re~ 
sistor R1 remains serially connected to the closing coil 
24. Therefore the interrupting coil 26 has ?owing there 
through a current su?icient to produce in the material of 
the interrupting core member 14 a magnetic ?eld having 
a magnitude of —H3 for magnetizing the latter to satura 
tion, but the closing coil 24 has ?owing therethrough a 
current reduced by the resistor R2 to such a magnitude 
that a magnetic ?eld having a magnitude of -H2 is pro 
duced in the material of the closing core member 12. As 
the resistor R1, the resistor R2 has a magnitude of resist 
ance preselected to impart to the magnetic core material 
12 a magnetic ?eld having a magnitude of ——H2 in which 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

6 
the residual magnetic flux density of the core 12 just 
decreased from Br to zero. 
As a result, the interrupting core member 14 has a 

residual ?ux density of —-B,. while at the same time the 
closing core member 12 is demagnetized to have sub 
stantially a null residual ?ux density. This permits the 
movable armature member 16 to be separated from the 
closing core 12 to contact the interrupting core 14 there 
by to disengage the movable contact 20 from the sta 
tionary contact 22 resulting in an interruption of the in 
terrupter. As previously described, the interrupter is 
held in its open position after opening of the switch 35 
and until the subsequent closing operation is performed. 
From the foregoing, it will be appreciated that by al 

ternately discharging the charges of alternate polarity on 
the capacitors 40‘ and 41 into- the closing and interrupting 
coils '24 and 26, each of the closing and interrupting sta 
tionary core members 12 and 14 can be repeatedly mag 
netized and demagnetized. The magnetization and demag 
netization of both cores causes the movable armature 
16 to move in either of the directions thereby to per 
form the closing or interrupting operation of the asso 
ciated current interrupter as well as maintaining the 
latter in its closed or open position until the subsequent 
interrupting or closing operation is performed. 

If a movable armature attracted by the associated sta 
tionary- magnetic core is to be separated from the latter, 
it has been previously required to’ provide a pulling-apart 
or an interrupting coil, in addition to a closing coil. The 
invention, however, comprises means for exerting on 
such a movable armature an opposing force in a direction 
opposite to the direction of attraction. In addition, upon 
pulling apart the armature from the closing stationary 
core, a current ?ows through the closing coil in a direc 
tion reverse from in the closing operation. This ?ow of 
current through the coil in the reversed direction causes 
the residual magnetism in the stationary core to be bal 
anced out by a magnetic ?ux due to the same, whereby 
the armature can be automatically separated from the 
stationary core by the action of the opposing force as 
above described. As already mentioned, the current 
limiter network associated with the closing stationary 
core by which the armature was previously attracted is 
effective for limiting an interrupting current ?owing 
through the closing coil to such a magnitude that a mag 
netic ?ux in that stationary core has an appropriately 
small value approximating zero without the core mag 
netized in the opposite direction. This is true in the case 
of the interrupting stationary core in the closing opera 
tion. 

In FIG. 2, it is noted that a normally open contacts S1 
or SZ-are shown as being connected across the unidirec 
tional conduction element or diode D1 or D2, by dot-and 
dash line respectively. This means that the contacts S1 or 
S2 may be used in place of the diode D1 or D2. With the 
contacts S1 and ‘S2 used, they should be arranged such 
that upon closing the switch 40, the contacts S1 are closed 
while the contacts S2 remain open whereas, upon closing 
the switch 41, the contacts S2 are closed while the con 
tacts S1 remain open. 

While the invention has been illustrated and described 
with reference to certain preferred embodiments thereof 
it is to be understood that various changes in the detail of 
constructions and the combination and arrangement of 
parts may be resorted to without departing from the spirit 
and scope of the invention. For example, either the clos 
ing core and coil assembly 12, 24 or the interrupting core 
and coil ‘assembly 14, 26 may be replaced by spring 
loaded operating means to perform the associated opera 
tion. Also the present device may be equally applied to 
any element subject to ?rst drive to perform a ?rst opera 
tion and to subject to second drive to perform a second 
operation. 
What we claim is: 

_ 1. A device for electromagnetically controlling the posi 
tion of an armature comprising: a ?rst magnetic circuit 
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including a ?rst ferromagnetic attracting and holding ele 
ment, and a ?rst exciting coil magnetically coupled to said 
?rst ferromagnetic attracting and holding element; a sec~ 
ond magnetic circuit including a second ferromagnetic 
attracting and holding element, and a second exciting coil 
magnetically coupled to said second ferromagnetic attract 
ing and holding element; a moveable armature disposed 
between said ?rst and second ferromagnetic attracting 
and holding elements movable to a ?rst position in 
response to encrgization of said ?rst magnetic circuit and 
to a second position in response to energization of said 
second magnetic circuit; and electric circuit means con 
nected to said ?rst and second coils for alternatively sup-.4 
plying current to one of said exciting coils to render its 
corresponding ferromagnetic attracting and holding ele 
ment effective to move said armature to one of said ?rst 
and second positions and hold it therein while simultane 
ously supplying a lesser amount of current to the other of 
said exciting coils to remove any residual magnetism 
remaining in the other of said ferromagnetic attracting 
and holding elements when said electric circuit means is 
connected to a source of potential. 

2. A device according to claim 1; wherein said ?rst and 
second ferromagnetic attracting and holding elements 
comprise ?rst and second magnetic core elements, respec 
tively. 

3. A device according to claim 1; wherein said electric 
circuit means includes ?rst and second current limiting 
circuits each connected in series with said ?rst and second 
exciting coils, respectively; said ?rst and second current 
limiting circuits each comprising a current limiting imped 
ance element connected in parallel with a diode. 

4. A device according to claim 1; wherein said electric 
circuit means includes ?rst and second current limiting 
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8 
circuits each connected in series with one of said ?rst and 
second exciting coils, respectively; said ?rst and second 
current limiting circuits each comprising a current limit 
ing impedance element connected in parallel with a switch. 

5. A device according to claim 1; wherein said ?rst and 
second exciting coils are connected in parallel; and wherein 
said electric circuit means includes ?rst and second nor 
mally open switches, a ?rst capacitor responsive to the 
closing of said ?rst normally open switch to supply a ?rst 
discharge current to both said exciting coils, a second 
capacitor responsive to the closing of said second nor 
mally open switch to supply a second discharge current to 
both said exciting coils in a direction opposite to that of 
said ?rst discharge current, and current limiting means 
for successively limiting the ?ow of current through’ alter 
nate exciting coils in accordance with the alternate clos 
ing and opening of said ?rst and second normally open 
switches. Mini 
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