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This invention relates to relays and more par 
ticularly to a relay of the neutral retained type. 

By the term "neutral retained' when used in 
connection with relays is meant a relay structure 
in which a neutral armature will not release in 5 
response to pole changing of the energizing cir 
cuit of the relay. It is quite common, particularly 
in railway signalling practice, to employ a neutrali 
relay, that is, a relay which will be picked up 
irrespective of the direction of direct current flow 
through its windings to manifest the flow of 
current in a circuit which circuit is also used for 
controlling a polar electro-responsive device, and 
where it is desired to have such neutral relay re 
main picked up during pole changing of the cur 
rent in such circuit. In other words, the neutral 
relay is to manifest whether or not current is 
flowing in the circuit irrespective of its direction: 
whereas, the polar device may be such as to op 
erate only if the current is of one polarity or may 
be a device which will operate in a particular 
nanner depending upon the polarity of the cur 
rent flow in the circuit. When a neutral relay is 
assed in a circuit of this type, it is quite often 
Secessary that the relay not drop momentarily 
to its retracted position due to a sudden change in 
the polarity of the current flowing in the circuit. 
It is, of course, understood that an ordinary neu 
tra relay of the tractive armature type will in 
most instances momentarily assume its retracted 
position due to pole changing of its energizing 
circuit and in railway signalling such momentary 
operation of a relay to its deemergized position 
may cause a signal to momentarily give the Wrong 
indication. Also, since it is quite common prac 
tice for one signal to be controlled by the next 
signal in advance such momentary dropping of a 
relay may cause a so-called tumble-down of sig 
gaindications to occur. What is meant by 
tumble-down of signal indications is that a mo 
Shengry change in a signal indication will cause 
the next signal in the rear to produce a similar 
snomentary change of signal indication and this 
nay be repeated ad infinitum or at least to the 
end of a particular portion of the signal System. 
This is, of course, very undesirable and must be 
avoided. 
sometimes the neutral armature in a neutral 

polar relay is provided with means for causing it 
to be retained during pole changing of the ener 
gizing current for the relay. A relay of this type 
is known as a retained neutral-polar relay. The 
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patent to Larson No. 1,852,210 dated April 5, 1932 
discloses a relay of this type. Not only is it de 

armature of a neutral relay not drop to its re 
tracted position during pole changing of the ener 
gizing circuit, but it is also highly desirable that 
Such armature should remain in its attracted 
position in spite of momentary opening of its 
energizing circuit. The relay disclosed in the 
Larson patent does not satisfy this latter require 
Inent. This shortcoming in the Larson patent 
was overcome in the patent to Hitchcock, No. 
2,056,147, dated September 29, 1936 by providing 
a rectifier in the energizing circuit of the small 
auxiliary magnet which acted to retain the main 
armature up both during pole changing and mo 
mentary opening of the energizing circuit of the 
relay. Rectifiers are, however, not tolerated on 
Some railway signalling systems by reason of their 
susceptibility to damage by lightning disturb 
ances, or the like. 

in view of the foregoing and other important 
considerations, it is proposed to provide a relay 
the neutral armature of which will not be momen 
&arily dropped due to either pole changing of its 
energizing circuit or momentary opening of its 
energizing circuit and which does not employ rec 
tifiers. One object of the present invention re 
sides in the provision of two polar relay struc 
tures each including a permanent magnet and 
both acting on a single soft iron armature and 
so connected in series or multiple that current of 
one polarity will render one of these structures 
effective and current of the other polarity will 
gender the other structure effective together with 
ineans for rendering each of these polar struc 
&ures slow releasing. 
Another object of the present invention resides 

in the provision of such a permanent magnet be 
tween the poles of a soft iron yoke in a relay 
structure such that the soft iron yoke normally 
serves as a shunt for the flux emitted by such 
permanent magnet as a result of which the 
electro-magnet responds only if current of one 
poiarity is applied thereto, and to employ two 
such electro-magnets to actuate a single arma 
ture regardless of the polarity of such current. 
Another object of the present invention resides 

in the provision of leakage strips adjacent the 
permanent magnet just mentioned so that the 
permanent magnet is less apt to be demagnetized 
by excessive current such as might occur due to 
a lightning disturbance or the like. 

in accordance with one form of the present in 
vention a three-pole soft iron yoke, is provided 
between the middle and each outside pole oppo 
site which are provided permanent magnets be 

sirable in many instances to have the neutral 55 tween the poles so that the back yoke of this 
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relay structure serves as a magnetic shunt for 
both of the permanent magnets employed. 
Other objects, purposes and characteristic fea 

tures of the present invention will in part be 
described hereinafter and will in part be obvious 
from the accompanying drawings, in which 

Fig. 1 illustrates in elevation a relay embody 
ing the present invention; 

Fig. 2 shows a side view of the relay shown in 
Fig. 1; 

Fig. 3 shows the relay illustrated in Fig. 1 with 
its energizing circuit energized by current of one 
polarity and its armature in the attracted po 
sition; and 

Fig. 4 shows a modified form of the relay illus 
trated in Fig. 1. 
The drawings have been devised to illustrate 

the invention more for the purpose of showing 
the necessary structural characteristics of the 
relay than showing the detailed design of a con 
mercial device. For this reason the drawings 
have been made fragmentary in nature elimi 
nating, for instance, the housing for protecting 
the relay structure against weather, the termi 
nal blocks for supporting the fixed contacts and 
lead-in and lead-out wires of the relay and the 
coil structure; it being believed that a disclosure 
and explanation of the essential structural char 
acteristics will be sufficient for an understanding 
of the principles of the invention so that they 
may be readily adapted to any particular relay 
designed for specific purposes, such as railway 
signalling, or the like. 

Structure--Figs. 1, 2 and 3.-Referring to Figs. 
1, 2 and 3 of the drawings the soft iron core struc 
ture 0-2 of the relay illustrated is of the three 
pole type the outer two legs 0 and 2 of which 
are provided with coils 3 and 4 whereas the 
middle leg is provided only with conducting 
washers or slugs 6 which function to render the 
relay slow dropping in the usual manner. The 
outside legs O and 2 are similarly provided with 
metallic washers or slugs 5 and 7 respectively. 
Directly above conducting washers 5 and 6 and 
between the legs to and f is provided a per 
manent magnet PM to bridge the airgap be 
tween these legs 0 and it. A similar perma 
ent magnet PM2 is arranged between the legs 

and 2 and directly over the slugs 6 and 7. 
These permanent magnets are preferably of the 
very high coercive force type and are preferably 
constructed of the material known in the trade 
as Alnico but may be of any other well-known 
type such as chrome, steel or cobalt. If Alnico is 
used the type known as Black Streak which has 
exceptionally high coercive force may be used, if 
desired. These permanent magnets PM and 
PM2 are preferably partially shunted by leak 
age strips LS and LS2. This electro-magnet 
structure of the retained neutral relay of the 
present invention may be similar to that dis 
closed in the prior application of Duffy, Ser. No. 
542,203, filed June 26, 1944, now Patent No. 2,414,- 
583, dated January 21, 1947, to which refer 
ence may be had. The three legs 0, if and 2 
of the relay core structure preferably termi 
nate in enlarged pole pieces 20, 2 and 22. As 
more clearly shown in Flg. 2 of the drawings the 
armature A is provided with a movable contact 
25 which may engage either a back fixed contact 
24 or a front fixed contact 26. The armature A 
is preferably pivoted, as shown, by the pin 28 
extending into a fixed bracket 30 of non-mag 
netic material secured to the poles 20 and 22 as 
through the medium of screws 29. 

0 

20 

25 

30 

45 

50 

55 

60 

85 

70 

ly the same as heretofore. 

4. 
It will be observed that the coils f and 4 

are so wound and connected that if current is 
applied thereto to produce a downwardly di 
rected magneto-motive force in one of these coils 
this same current will produce an upwardly di 
rected magneto-motive force in the other coll, 
and vice versa. It will also be observed that the 
permanent magnets RMI and PM2 both have 
their north pole N adjacent the middle leg 
and have their other or south pole S. against 
the associated outer leg of the core structure 
2. The magnetism produced by the permanent 
magnets PM and PM2 has been conventionally 
shown in Fig. 1 of the drawings by dotted lines 
containing arrows. From this it will be seen 
that magnetism flows upwardly through the mid 
dle leg , separates at the upper end of this 
leg and substantially equally divides so that 
substantially equal amounts flow downwardly 
through the legs 0 and 2 back to the south 
poles S of these permanent magnets. The core 
structure 0-2 is preferably constructed of 
low reluctance soft iron such as annealed silicon 
steel so that this core structure serves as a very 
efficient shunt for shunting the magnetism 
emitted by the permanent magnets PM and 
PM2 away from the armature A, so that insuf 
ficient magnetism will pass through the armature 
A to pick it up, and so that this armature re 
mains in its retracted position. 
Operation-Figs. 1, 2 and 3.-Referring now to 

Fig. 3 of the drawings, this drawing shows the 
Same structure as illustrated in Fig. 1 except 
that direct current is assumed to be passed 
through the circuit including the two coils 3 
and f4 in series as conventionally shown by be 
ing connected to wires having (--) and (-) di 
rect current applied thereto as illustrated. It 
will be observed that the current flow through 
the coils f and 4 is in a direction to augment 
the magnetism in the leg 0 of the relay but 
So as to decrease the amount of magnetic flux 
in the leg 2 of the relay, the amount of flux 
existing in the middle leg remaining substantial 

Since the direction 
of current flow is such that the shunting effect 
of the portion from leg to leg 2 of the back 
yoke structure 0-2 is less than it was here 
tofore but the shunting effect for the left-hand 
portion of the relay (leg 0 to leg ) is more pro 
nounced than it was heretofore it will be seen 
that part of the flux emitted by the permanent 
magnet PM2 must find new paths and will pass 
through the right-hand portion of the armature 
A to thereby cause this armature to be attracted 
toward the pole pieces 20, 2 and 22 to an ex 
tent in engagement with the residual pins 27. 
It will be observed that the magnetism passing 
through the right-hand portion of the armature 
A (Fig. 3) must pass through the conducting 
washers or slugs f6 and 7. This magnetism 
after it has once been built up will not readily 
fall to zero by reason of the currents induced 
in these slugs or washers 6 or 7 of good con 
ducting material. These currents produce mag 
neto-motive forces tending to maintain such 
magnetic flux. For this reason, if the current 
in the circuit for the coils 3 and 4 is suddenly 
reversed, as may be a common occurrence when 
the invention is practiced in the railway signal 
ling field, this flux in the right-hand portion 
of the relay armature and passing through the 
slugs 6 and T will be maintained for a longer 
time than is necessary for flux to be built up 
in the left-hand portion of the relay during pole 
changing of its energizing circuit. The arma 
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ture A will therefore not drop. The momentary 
opening of the energizing circuit will also not 
cause momentary dropping of the armature Aby 
reason of the sustaining effect produced by the 
slugs or washers 6 and of copper or other 
low resistance conducting material. 

It should be understood that, if desired, one of 
the permanent magnets PM and PM2 of the Fig. 
1 structure may be turned end-for-end if the di 
rection of turns in one of coils 3 and 4 is also 
reversed. In such modified arrangement there 
would then be normally practically no magnet 
ism passing through the middle leg f, so that 
the Cross-section of this middle leg could be 
somewhat reduced. 

Structure-Fig. 4.-In Fig. 4 of the drawings 
has been illustrated a modified form of the in 
vention and embodying the same operating prin 
ciples as those embodied in the form shown in 
Figs. 1, 2 and 3. The principal difference be 
tween the structure shown in Fig. 4 and that 
shown in Fig. is that two independent magnetic 
circuits are provided in the Fig. 4 structure where 
as in the Fig. 1 structure the middle leg is com 
mon to the two electro-magnets including coils 
3 and 4 respectively. It will be observed that 

in Fig. 4 two U-shaped cores are provided with 
contact legs 40 and 4 and legs 42 and 43 respec 
tively. These U-shaped cores are bridged by per 
manent magnets PM3 and PM4 respectively 
which are shunted by leakage strips LS3 and LS4 
respectively. It will be observed that the four 
legs 40, 4 , 2 and 43 having pole pieces 60, 6, 62 
and 63 respectively are provided with conducting 
washers or slugs 44, 45 and 47. 
are preferably double, that is, are single washers 
having two holes therein. The coils 50, 5, 52 and 
53 contained on these legs 40, 4, 42 and 43 re 
spectively are so wound and connected that the 
magneto-motive forces produced by these coils, 
when current is passed through the circuit includ 
ing these coils in series, is such that when such 
current flows in one direction the induced mag 
neto-motive forces for the left-hand structure will 
be in the same direction in the closed magnetic 
circuit as the magneto-motive force produced by 
the permanent magnet PM3 whereas for the 
right-hand structure it will be in a direction in 
the closed magnetic circuit to Oppose the mag 
neto-motive force of the permanent magnet PM4 
and that the reverse will be the case when the di 
rection of this current flow in such circuit is re 
versed. As shown, the legs 4 and 42 are held in 
firm spaced relationship at their lower end by 
double washer 45 and are held in firm spaced re 
lationship at the upper end by a block 46 of non 
magnetic material. In other words, the Fig. 4 
structure really comprises two magnetically iso 
lated relay core and coil structures such as dis 
closed in the Duffy patent constructed to act on 
the same tractive type armature of Soft iron 
and these structures are so connected in their 
operating circuit that one of these relay structures 
will attract the armature when current flows 
in one direction and the other relay struc 
ture will attract the armature when the 
current flows in the opposite direction, to 
gether with means for rendering both of 
these relay structures slow releasing. It is thus 
seen that the functional result of the relay shown 
in Fig. 4 is substantially the same as that of the 
relay structure illustrated in Fig. 1 of the draw 
ings for which reason it is deemed unnecessary 
to specifically consider the operation of the relay 
illustrated in Fig. 4 of the drawings. 
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6 
The leakage strips LS and LS2 of Fig. 1 and 

the leakage strips LS3 and LS4 shown in Fig. 4 - 
are not only desirable to prevent destruction of 
the permanent magnets as by lightning but they 
are also desirable to prevent destruction of the 
permanent magnet when excessive currents are 
applied to the relay, in that such current if of one 
polarity opposes one of these permanent magnets 
and if of another polarity opposes the other of 
these permanent magnets. In spite of the ad 
vantages afforded by these leakage strips the re 
tained neutral relay of this invention does not 
necessarily incorporate or require them and they 
may be omitted, if desired. 

It should be understood that the neutral re 
tained relay of the present invention may be 
either included in series in a control circuit or 
may be connected in multiple thereto. Also, if 
such neutral retained relay includes two or more 
windings these windings may be connected in 
series, in multiple or in series-multiple. 
Having thus shown and described several em 

bodiments of the present invention it should be 
understood that they do not include all structural 
forms that may be used in practicing the inven 
tion and that the particular embodiments illus 
trated have been selected to facilitate disclosing 
the underlying principles of the invention and its 
mode of operation and that various changes, 
modifications and additions may be made to the 
disclosure shown in practicing the invention with 
out departing from the spirit and scope of the in 
vention so long as these changes come within the 
scope of the following claims. 
What We claims as new is: 
1. In a relay of the character described, an 

armature normally assuming a retracted posi 
tion, electro-magnetic means comprising two 
electro-magnetic structures located adjacent 
said armature and affording respective Oppo 
sitely poied electro-magnetic circuits acting 
when energized with a particular polarity to at 
tract said armature, permanent magnets mag 
netically connected in multiple with said electro 
magnetic structures and so poled as to render 
one of said electro-magnetic structures effective 
to attract said al'mature only when its electro 
Snagnetic circuit is energized with a particular 
polarity, and as to render the other of said 
electro-magnetic structures effective to atrract 
said armature only when its electro-magnetic 
circuit is energized with the opposite polarity, a 
leakage strip in multiple with each of said per 
manent magnets, and short circuited turns on 
each of Said magnetic structures near said arma 
ture for at times tending to maintain said arma 
ture in its attracted position. 

2. In a retained neutral relay, an electro-mag 
netic core structure having two independent legs 
and one common central leg magnetically con 
nected by a common back portion, a single piv 
oted armature cooperating with the open ends 
of the three legs of said core structure, a per 
manent magnet located between each indepen 
dent leg and said common leg, the two perma 
nent magnets having like poles adjacent said 
common leg of said core structure, whereby each 
permanent magnet normally has its flux shunted 
by the adjacent legs and back portion of the 
core structure, an energizing winding on that 
portion of each of Said independent legs of said 
core structure which is included in the magnetic 
shunt for the associated permanent magnet, a 
short circuited coil on each leg between the per 

75 manent magnet and the armature to thereby 
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give a slow releasing effect when the flux has 
been passing through that leg for actuating Said 
armature, whereby the energization of said wind 
ings with one polarity causes flux to pass through 
one independent leg and said common leg to 
effectively actuate the armature, whereas the en 
ergization of said windings with the opposite 
polarity causes flux to pass through the other 
independent leg and said common leg to effec 
tively actuate the armature, and whereby a quick 
reversal in the polarity of energization of said 
windings or a nonentary removal of energy from 
said windings does not cause said armature to re 
lease. 

3. In a retained neutral relay, two spaced elec 
tro-magnetic core structures each having two in 
dependent legs magnetically connected by a back 
portion, a single pivoted armature cooperating 
with both of said core structures, a permanent 
magnet located between the Open ended legs of 
each core structure so as to be shunted thereby, 
a winding on that portion of each core struc 
ture which is included in the magnetic shunt 
of the respective permanent magnet, the wind 
ings of both said core structures being connected 
in series, a short circuited coil. On that portion 
of each leg of said core structure which does 
not shunt the associated permanent magnet to 
thereby give a slow releasing effect when that 
core structure provides magnetic flux for effec 
tively actuating the cooperating armature, 
whereby the energization of said windings with 
one polarity causes magnetic flux from orie core 
structure to effectively actuate the armature, 
whereas the energization of said windings with 
the opposite polarity causes flux from the other 
core structure to effectively actuate said arma 
ture, and whereby a quick reversal of the polarity 
on said windings does not result in the momen 
tary release of said armature, and said armature 
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8 
is slow in releasing upon the complete deener 
gization of said windings. 

4. In a retained neutral type relay, a pivoted 
armature normally biased to a particular post 
tion, a magnetic core structure cooperating with 
said armature for at times actuating it to its 
Opposite position, said core structure comprising 
two permanent magnets and a U-shaped mag 
netic shunting portion for each permanent mag 
net, a winding for each shunting portion, and 
a leakage member adjacent each permanent 
magnet and positioned parallel thereto, a short 
circuit means associated with said magnetic core 
structure and located thereon adjacent that por 
tion of the core structure which brings it into 
cooperative relation with said armature, wherea 
by energization of said windings with one po 
larity causes magnetic flux from one permanent 
magnet to actuate said armature whereas en 
ergization of said windings with the opposite 
polarity causes magnetic flux from the other 
permanent magnet to actuate said armature, 
and whereby the release of said armature is de 
layed upon the deenergization of said windings. 

JOSEPH. E. WILLING. 
GEORGE J. JOHANEK. 
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