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Allen-Bradley Company, Milwaukee, Wis., a 
corporation of Wisconsin 

Application February 25, 1950, Serial No. 46,34. 
1. Claim. 

This invention relates to electro-magnets in 
tended to be operated alternatively in pairs such 
as are frequently employed for actuation of elec 
tro-magnetic reversing switches and the like and 
it resides more Specifically in an improved appa 
ratus of this character in which a pair of mag 
nets is provided, each magnet having a closing 
coil and an opposing coil, the closing coil of each 
magnet being connected to be energized simul 
taneously with the opposing coil of the other 
magnet with the result that the arrnature of only 
One magnet at a tine may be naoved to or main 
tained in attracted position. 

Electro-magnets intended to be operated al 
ternatively in pairs are connonly employed for 
the operation of so-called reversing switches. 
Reversing switches are interposed in the power 

such manner that closure of both Switches si 
multaneously will cause a short circuit, For the 
purpose of avoiding such short circuits it has 
been common to provide interlock control con 
tacts for magnetically operated reversing 
switches so arranged that When One SWitch is 
closed, the energizing circuit for the magnet of 
the opposite. Switch is opened and Vice versa. 
This method of interlocking is objectionable for 
the reason that it is possible by closing both the 
forward and reverse pesition push, buttons. Sir 
multaneously to cause a momentary closure of 
both SWitches. 
With the object in mind of precluding such 

abuse of the apparatus Some reversing SWitches 
are provided with mechanical interlocking means 
in addition to the electrical interlocking con 
tacts above referred to. Such mechanical in 
terlocking means are usually made up. of a sys 
tem of pivots, levers and linkage so arranged as 
to interpose a positive mechanical hindrance to 
the closure of One Switch. Whenever the other 
switch is in closed position and to positively 
hinder both switches if a condition arises under 
which the magnets are energized simultaneously. 
The reliability of mechanical interlocking ar 
rangements is dependent upon their remaining 
in good mechanical condition, but wear ulti 
mately introduces the possibility of failure. Also, 
it is difficult to arrange mechanical interlocking 
systems so that the magnets forming the pair may 
be separated by any substantial distance. 
In accordance with the present invention a 

pair of interlocked electro-magnets incapable of 
simultaneous operation and which may be as 
widely separated as may be desired is provided 
without dependence upon mechanical linkage and 
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Without resort to interlocking eontacts. This is 
accomplished by providing each magnet of the 
pair With an Operating coil capable of exerting 
attractive force adequate to meve the armature 
aad by providing each magnet of the pair with 
an. 9pposing CQil Which when energized is effec 
tive to prevent, the operating coil from moving 
the armature but which in and of itself when 

cient attractive force to move the armature. The 
tWO magnetS provided with windings as thus de 
SCEibed are provided with circuit connections such 
that the operating coil of one magnet and the 
Opposing coil of the other become energized si 
multaneously. By reason of this arrangement if 
both operating coils are simultaneously ener 
gized, neither magnet will close and if one mag 
net is in closed position at the time such simul 
taneous energization is established, the closed 
magnet will drop to open position. 
The invention is herein described by reference 

to the accompanying drawings forming a part 
hereof in which there is set forth by Way of ill 
lustration and not of limitation one form in 
Which the apparatus of this invention may be 
embodied, 
In the drawings: 
Fig. 1 is a front plan view with parts broken 

aWay and in section of a reversing switch emi 
ploying a pair of magnets constructed in ac 
Cordance With this invention, and 

Fig. 2 is a circuit diagram showing the circuit 
of the magnets shown in Fig.1. 
The form of the apparatus of this invention 

Which is set forth in the drawings is shown ap 
plied to a so-called reversing switch of well 
known construction. As there shown the ap 
paratus of this invention is made up of a pair 
of magnets designated generally if and 2. The 
magnets i and 2 are of identical construction and 
include roughly rectangular magnetic field 
frames 3 and 4 having gaps 5 and 6 in their lower 
sides as appears nore clearly in Fig. 2, Arranged 
for sliding movement through the gaps 5 and 6 
are magnetic armatures and 8 the T-shaped 
heads of which when in closed position engage 
pole faces 9 and to which are formed as a part 
of their respective field frames 3 and 4 in fiank 
ing position adjacent the respective gaps 5 and 6. 
Attached to the upper ends of the tongues of 

the armatures and 8 are actuator bars f. and 
2 which pass through slots not shown in the 

tops of the respective field frames 3 and 4. The 
actuator bars and 2 are attached, respec 
tively, to insulating movable contact carriers 3 
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and 4 carrying a plurality of movable contacts 
one of which is shown at 5. The nowable Con 
tacts 5 are arranged to bridge electrically in 
well known manner pairs of terminals as, for 
example, terminals 6 and . The terminals 
6 and 7 are mounted upon the Stationary Con 

tact mounting and housing 8 and similar ter 
minals and stationary contacts are mounted upon 
housing 9. Since the parts of the switch proper 
form no part of this invention the detail of the 
same is shown only sufficiently to permit under 
standing of the parts of the apparatus With 
which the invention is concerned. 
Surrounding the path of travel of the tongue 

of the armature 7 and within the rectangular 
opening in the field frame 3 is a closing coil 2 
having terminals 2i and 22. Located immediate 
ly above the closing coil 26 and positioned sub 
stantially opposite the air gap which existS when 
armature is in open position is an Opposing 
coil 23 having terminals 24 and 25. The coils 
2C and 23 are held in place by a guiding sleeve 
26 through which the tongue of the arnature 
may slide and by a spring clip 2. 
... The magnet 2 is provided with a closing coil 
28 corresponding to the closing coil 26 of magnet 
similarly located and held in place by guiding 

sleeve 29. Coil 28 is provided with terminals 36 
and 3. Above the closing coil 28 is disposed an 
opposing coil 32 corresponding to the opposing 
coil 23 of magnet . The opposing coil 32 is 
guided also by the sleeve 29 and is held in place 
by a clamping Spring 33. The opposing coil 32 
is provided with terminals 34 and 35. 
The magnets f and 2 are intended to be 

mounted in Wertical position. So that gravity act 
ing upon the armature and Switch parts Secured 
thereto causes these parts to be continuously 
urged to open position. With a Substantial force. 
io overcome the opening force coils 2 and 28 
are wound to create a magnetic attractive force 
Somewhat in excess of that necessary to cause 
the armature to move to closed position. The 
opposing coils 23 and 32 are wound in magnetic 
opposition to their respective closing coils 2 and 
28 and are provided With that number of ampere 
turns which is Sufficient to offset something more 
than the excess attractive force which closing 
coils 2 and 28 are capable of exerting. 
The relationship of the characteristics of the 

Opening and closing Coils above described is 
availed of as indicated more clearly in Fig. 2 
by connecting closing coil 28 through its terminal 
22 and the lead 36 with terminal 34 of the op 
posing coil 32 of magnet 2. Terminal 2 of coil 
20 is joined by a lead 37 to a normally open push 
button 38 which is connected in turn through 
leads 39 and with line L-2 of the source of 
actuating current. Terminal 35 of coil 32 is 
joined by lead 4 and ballast resistor A2 with line 
I-I of the Source of actuating current. By 
reason of the connections above described when 
the push button 38 is closed coils 28 and 32 be 
COme connected in Series with one another 
through the ballast resistor 42 to a source of 
actuating current. 
In similar fashion coil 28 is joined with line 

I-2 of the actuating current source by leads 40 
and 43, a normally open push button 44, lead 45 
and the coil terminal 3. The opposite terminal 
3. Of the coil 28 is joined by a lead 46 with ter 
minal 25 of coil 23 which is connected in turn 
through its terminal 24, lead 47 and ballast re 
Sistor 42 with line I-i of the actuating current 
Source. Upon closure of push button 44 coils 28 
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and 23 become connected in Series. With One an 
other through the ballast resistor 42 with the 
Source of actuating current. 
The energization of coils 20 and 32 by closure 

of push button 38 causes a sufficient attractive 
force to be applied to the armature 7 to cause 
the same to move to closed position. Some at 
tractive force is applied by the coil 32 to the 
armature 3 of magnet 2, but this attractive force 
by reason of the characteristics of winding 32 is 
insufficient to move the arrnature 8. An exactly 
Similar action occurs with respect to coils 28 and 
23 upon closure of push button 44. This action 
results in movement of the armature 8 without 
any movement of arnature taking place. There 
is thus obtained the normal, simple action of a 
pair of magnets capable of being alternatively 
Operated. 
The interlocking properties of the apparatus of 

this invention are brought into play when the 
push buttons 38 and 4 are for any reason oper 
ated Simultaneously rather than alternatively. 
For example, if while push button 38 is held in 
closed position and magnet f is in closed position 
One atternpts to simultaneously close the push 
button 44, magnet 2 will refuse to close by reason 
of the opposing effect produced by current flow 
ing in coil 32. By reason of the symmetrical ar 
raingement of the circuit it is obvious also that 
if push button 4 is held in closed position caus 
ing magnet 2 to be closed, closure of pushbutton 
38 will be without effect to cause closure of mag 
net . It is thus apparent that with the ap 
paratus of this invention, simultaneous opera 
tion of the two magnets is precluded without de 
pendence upon any mechanical interlocking de 
Vice or any magnet operated contacts. The two 
magnets forming the pair may be spaced any 
convenient distance apart calling only for simple 
Wire connections between them. 

Not only are the magnets of this invention posi 
tively interlocked against simultaneous function 
ing but by reason of the relationship of the coils 
Simultaneous closure of push buttons 38 and 44 
calls for a condition under which both magnets 
are in open position. If, for example, magnet 
is previously closed by closure of push button 38 
closure of push button 44 will not only fail to cause 
movement of armature 8 but armature 7 will be 
Caused to drop to open position. The converse 
is true if push button 44 is first closed followed 
by closure of push button 38. Where a pair of 
magnets is employed for the operation of re 
Versing Switch mechanism as shown in Fig. 1 
the user of the apparatus is thus discouraged 
from ever attempting to close both push buttons 
38 and 44 simultaneously. 
The coils 23 and 32 are preferably placed as 

shown opposite the air gap formed when the 
arnatures and 8 are in open position. By 
reason of this arrangement under normal oper 
ation the impedance of the opposing coils 23 and 
32 is low with the result that the closing coils 20 
and 28 receive adequate current to cause them 
to perform the closing function. The closing of 
either magnet, however, Substantially increases 
the impedance of the opposing coil associated 
therewith with the result that a Subsequent at 
tempt to simultaneously close the Opposite mag 
net is inhibited not only by the effect of the Op 
posing coil of that magnet but by a substantially 
reduced current supply to its closing coil. If for 
any reason both magnets should be simultane 
Ously energized for any appreciable period, the 
impedances of the circuits of both will be ab 
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normally low by reason of the open condition of 
the same, and for this purpose the ballast re 
Sistor 42 is provided to limit the current Which 
may be dra Wn. 
The selection of the proper number of turns in 

any given pair of magnets for the closing and 
opposing coils may be made on the basis of Well 
known properties of magnetic circuits and Will 
depend upon the dimensions and configuration 
of the magnet parts and the amount of closing 
effort required. In one instance in a pair of 
magnets employed for the actuation of a pair of 
reversing switches of 50 ampere capacity of well 
known construction the closing coils Were pro 
vided with 550 turns while the opposing coils 
were provided with 275 turns. In this case the 
magnets were arranged to be operated by alter 
nating current at 115 v. and 60 cycles. A ballast 
resistor having a resistance of 20 ohms was Sufi 
cient to limit maximum current to a moderate 
value. 
In selecting the number of turns to be en 

ployed in the opposing coil for any given magnet 
the same should be of Sufficient strength to off 
set something more than the excess closing force 
which may be exerted by the closing coil. Since 
it is important that the opposing coil not exert 
in and of itself Sufficient closing force to move 
the armature, it is obvious that the closing coil 
should not be of sufficient strength as to exert 
a large excess closing force either in the Open 
position or in the closed position of the magnet. 
For example, in a magnet requiring 4 pounds of 
closing force when in open position to overcone 
friction and gravity or other biasing force tend 
ing to hold the magnet in open position a closing 
coil capable of exerting about 5 pounds of closing 
force would preferably be employed. Under these 
conditions an opposing coil capable of exerting 
an opposing effect equivalent to 2 pounds Would, 
if simultaneously energized with the closing coil, 
reduce the net closing force to 3 pounds which 
would be inadequate to move the armature. If 
for any reason the opposing coil were energized 
alone the closing effort produced thereby would 
be approximately 2 pounds and this also would 
be inadequate to cause closure of the magnet. 
With these relationships in mind the proportion 
ing of windings in any given magnet in accord 
ance with this invention may be arrived at by Well 
known methods. Since each magnet is provided 
with an independent closing circuit which also 
acts to preclude closure of the opposite magnet 
without exerting sufficient, attractive force to 
close the opposite magnet the need for simul 
taneous weak excitation of the opposite magnet's 
closing circuit is avoided. In this Way the cir 
cuit is simplified and an apparatus is provided 
which fails safe in case of derangement of the 
closing circuits. 

I claim: 
In a pair of interlocked alternatively operative 

electro-magnets the combination comprising a 
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first field piece, a first movable armature nor 
mally biased in open position spaced from Said 
first field piece with an air gap therebetween, 
a first operating winding for Said first movable 
armature positioned to apply an attractive force 
thereto when energized sufficient to move Said 
armature through said air gap to closed position 
with respect to said first field piece, a first Op 
posing winding for said first movable armature 
encircling said air gap to create when energized 
an opposing flux sufficient to render the attrac 
tive force of said first operating Winding ineffec 
tive to move Said armature, said opposing flux 
being insufficient in and of itself to create an 
attractive force sufficient to move said first arma 
ture, a second field piece, a Second inowable arma 
ture normally biased in open position spaced 
from said second field piece With an air gap 
therebetween, a second operating winding for 
said second movable armature positioned to ap 
ply an attractive force thereto when energized 
sufficient to move said second armature through 
said second air gap to closed position with respect 
to said second field piece, a Second opposing 
winding for said second movable armature dis 
posed about said Second air gap to Create When 
energized an opposing flux Sufficient to render 
the attractive force of Said Second operating 
Winding ineffective to move Said Second arma 
ture, said opposing flux of Said Second opposing 
winding being insufficient in and of itself to 
create an attractive force sufficient to move Said 
second armature, a normally open actuating cur 
rent supply circuit including means for closing 
the same joining said first operating winding and 
said second opposing winding in Series adapted to 
excite said windings when closed and to exclude 
therefron when open any substantially effective 
excitation current, and a normally open actuat 
ing current supply circuit including means for 
closing the same joining said second operating 
winding and Said first opposing Winding in Series, 
said circuit being effective to excite Said Windings 
when closed and to exclude any Substantally ef 
fective excitation current therefrom When open. 

ALBER. J. DAWi. 
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