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3 Claims. 

My invention relates to relays and particularly 
to electromagnetic thermal relays. 
An object of my invention is to provide a rela 

tively simple time delay element for a relay. 
Another object of my invention is to provide 

a relay including a magnetically reversible ele 
ment for effecting a time delay in its operation. 
Another object of any invention is to provide 

a relay in which a temperature controiled vari 
able reluctance element is so shaped as to defi 
nitely locate a hot spot therein, and is further 
provided with means for quickly conducting away 
the heat from the hot spot when the heating cir 
cuit has been interrupted. 
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In practicing my invention, I provide a ten 
perature controlled variable reluctance element, 
which is of Substantially cross shape to define 
a centrally located spot of relatively small area, 
Which is heated by an eiectric current. This 
element may be operatively associated either with 
the usual electromagnetic relay or with an esc 
tromagnetic lock-out relay. 

In the drawings, 
Figure i is a view, in vertical section, through 

an electromagnetic relay including the particul 
lar part embodiying my invention; 

Fig. 2 is a view in horizontal section there 
through taken on line II-II of Fig. 1; 

Fig. 3 is a view, in side elevation, of a lock-out 
relay embodying my invention; 

Fig. 4 is a top plan view thereof; 
Fig. 5 is a view in perspective of a thermally 

controlled variable reluctance element; 
Fig. 6 is a schematic diagram of connections 

illustrating one use of a lock-out relay, such as 
illustrated in Figs. 3 and 4; 

Fig. 7 is a developed view of a modified form of 
thernally controlled variable reluctance element, 
and 

Fig. 8 is a view in end elevation of the member 
shown in Fig. 7 in partially finished condition. 

Referring first to Figs. 1 and 2 of the drawings, 
I have there illustrated an electro-magnetic relay 
of the general kind disclosed and claimed in co 
pending application Serial No. 593,994, fled Feb 
ruary 19, 1932, by W. J. Hudson, and assigned to 
the Westinghouse Electric and Manufacturing 
Company. Only such general description will be 
given of the device as is necessary for an under. 
standing of the operation thereof. 

- A base 11, which may be of electric insulating 
material, is suitably shaped to have mounted 

it reon a magnetizable core member 12, which 
day be held against the front surface of the 
base by a bolt 13. Member 12 is surrounded by 

(C 5-336) 

a tubular member 14 of electric-insulating mate 
rial, in order to suitably insulate the core mern 
ber 12 from a plural section energizing coil hav 
ing a rear section 16 and a forward section 7, 
each made of bare copper strip bent on edge and 60 
having one end thereof connected respectively 
to terraina studs 8 and iS. Suitable Connec 
tions are made by nuts 2 to tiae studs i8 and 19. 
One part of the magnetic circuit connected in 

series circuit with the core member 12 is con- 65 
stituted by a strap 22 of magnetizable material 
and of substantially --shape. A front portion 
of the magnetic circuit, is constituted by a bar 
23 of magnetizable material which is secured 
against the tubular member 12 by a nut 24 and 0 
s, plurality of weshers. Tae Sinenber 23 has prop 
ecy secured hereto (, tracket 26, which is of 
substantially --sinape, and which has a pin 27 
fixed therein to extend above the upper surface 
of the horizonts y extending portion of the mem- 5 
ber 23. A govable nagnetizable airmature 28 is 
pivotally amounted on bracket 26, a locating gin 
29 with a haica spiring 3 there&round tending 
to hold the airmature 28 in a predeterrained posi 
tion. A spacing strip 32 of non-magnetic mate- 80 
ria is located between amature 28 and bracket 
36. 
The other ends of the two coil sections 16 and 
7 are located in substantially the same horizon 

tall plane, as is shown in Fig. 1 of the drawings, 85 
the end 33 of section it extending toward the 
base 1. The end of section 16 extends away 
from base 1, and is indicated by 34 in Fig. 2 of 
the drawings. 
A thermally controlled variable reluctance 90 

member 36 of substantially cross-shape has two 
laterally extending leg or wing portions to per 
nit of electrically connecting the member 36 to 
the respective ends 33 and 34 of the two coil sec 
tions, as by means of machine bolts 37 and 38, so 95 
that a restricted portion of the member 36 of 
cross shape may be included in the electric cir 
cuit of the coil including the sections 16 and 17. 
One laterally extending portion 39 of the mem 
ber 38 is extended laterally of the general plane 00 
of the member so that it, as well as the member. 
22, may be securcd against the front of the base 

by one or more sma machine bolts 41. 
The armature 28 is provided with a striker plate 

42, preferably of non-magnetic material, which 0 
is secured to the armature 28 to project there 
from in any suitable or desired manner. A nut 
43 has screw threaded engagement on a pin 44, 
upon which it may be adjusted and held in any 
desired position by a short machine screw 46, all 
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substantially in a manner set forth in the co 
pending application of W. J. Hudson. 
A switch arm 47 is pivotally mounted at One 

end thereof, while the other end normally en 
gages, a contact rod 48, from which the arm 47 
may be disengaged, by a push rod 49 when the 
same is moved vertically upwardly by a similar 
movement of striker plate 42 and armature 28. 
An adjusting knob 51 is provided whereby it is 
possible to adjust the switch including the con 
tact 48 and the blade 47, so that it will either re 
main in its opened position, or so that it will close 
when the armature 28 is moved to the position 
shown in the drawings. 

Referring now to Figs. 3 and 4, I have there ill 
lustrated a relatively simple, compact, and highly 
efficient form of what is usually called a lock-out 
relay. A magnetizable core structure 61 of sub 
stantially C-shape has located at each side there 
of metal plates 62 and 63, rivets 64 extending 
through the plates and the magnetizable lamina 
tions in order to hold them in proper operative 
position relative to each other, as shown in the 
drawings. The plates 62 and 63 are each pro 
vided with depending portions 66 through which 
extends a pin 67, on which is pivotally mounted 
a movable armature structure including a plu 
rality of laminations and side plates 68. A shad 
ing coil 69 is provided at the free end of the arma 
ture structure in a manner well known in the art. 
An energizing coil 7 is located on one of the legs 
of the core structure. - 
A thermally controlled variable reluctance 

member 72, of substantially cross-shape, is oper 
atively associated with one part of the core struc 
ture substantially as shown in Figs. 3 and 4 of the 
drawings, a part thereof being so bent and ex 
tending forwardly of the core structure as to pro 
vide a path for a part of the flux traversing the 
core and the armature structures. To this effect, 
member 72 includes One portion 73, which is lo 
cated directly against one part of the core struc 
ture, and a latch portion 74, which normally holds 
the free end of the armature in a predetermined 
limiting inoperative position. Means for passing 
an electric current through the member 72 in 
cludes lateral portions 76 and 77 and a plurality 
of substantially radially extending slits 78, in this 
case four in number, cooperating with the respec 
tive portions of member 72 to provide a common 
central part 79 of relatively small area, which 
carries both a magnetic flux and an electric cur 
rent. . 

Referring to Figs. 7 and 8, I have there illus 
trated one means for varying the area of the nor 
mally magnetic path and of also varying the re 
sistance of the electric circuit. To this end, I 
provide a thermally controlled variable reluctance 
member 81, which may be so punched out of a 
large sheet of Suitable material as to provide a 
plurality of elements of the kind designated by 
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numeral 72 and illustrated in Figs. 3, 4 and 5. 
This punched-out plural element, may be bent as 
shown in Fig. 8 of the drawings, or any Suitable 
and desired combination of individual members 
of the kind shown in Fig. 5 may be provided by 
suitably connecting a plurality of such elements 
in series, in parallel or in series parallel. 
With reference to the material constituting 

member 72, I prefer to use a nickel steel alloy 
containing on the order of 36% nickel, which has 
the characteristic that it is magnetically re 
versible with changes of temperature, Or, in other 
words, it has a temperature controlled variable 
reluctance. An element of this kind is magnetiz 
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able at all temperatures up to about 210 C., 
but loses its magnetism at temperatures above 
this value if it is heated to such temperature 
either by a current directly traversing the ele 
ment or by an electric current-traversed resistor 
member located . closely adjacent thereto. As 
element of this kind recovers its magnetizable 
characteristic immediately upon fall of its tem 
perature to a value below approximately 210 C. 

Referring to the device shown in Figs. 1 and 2 
of the drawings, it is obvious that the paths. Of 
the flux and of the current intersect or cross 
each other at one point only, namely, in the 
element designated by 36 in Figs. 1 and 2, at a 
portion of restricted area corresponding to the 
hot spot 79 of element 72 of Fig. 5. The design 
and construction of the different parts of the relay 
illustrated in Figs, 1 and 2 are such that when 
this relay is connected in an electric circuit to 
ba protected, the element 36 will not be heated 
at any part thereof to a temperature over 210° C. 
as long as the current traversing the circuit and 
the coil does not exceed a predetermined value. 
If, however, an overload current traverses the 
circuit and coil, as well as element 36, the ele 
ment 36 will be heated to such a temperature 
as will cause the common part of the magnetic 
and electric circuits to lose its magnetizable char 
acteristic so that, because of the parallel flux 
paths, including the armature 28 and the hor 
Zontal part of rear frame 22 as well as the member 
36, it will cause a movement of armature 28 so 
that striker plate 42 engages push rod 49 to 
actuate Switch blade 47 to thereby open a con 
trolling circuit, which, for instance, may include 
the holding coll of a circuit breaker. 

Referring now to the device shown more par 
ticularly in Figs. 3 and 4, which I have herein 
before called a lock-out relay, reference may be 
had to Fig. 6 of the drawings in which I have 
illustrated one application of such a relay. 

It is desired to properly control two rectifier 
tubes 82 and 83, which are shown in their simplest 
form as including an incandescent cathode 84 
and an anode 86. It is desired to utilize these 
rectifier tubes to operate some kind of a load by 
rectified current, and as illustrative of all such 
loads I have shown a storage battery 87. The 
use of two tubes permits of obtaining full wave 
rectification of an alternating current. The al 
ternating current may be provided by a suitable 
Source including conductors 88 and 89, a Switch 
91 being provided between this source and the 
primary coil 92 of a transformer, which trans 
former has two secondary coils 93 and 94 and a 
core structure 96. 

It is highly desirable in the practical use of 
such rectifier tubes to insure that there will be 
no load current traversing the tube until the 
temperature of the hot cathode has reached its 
proper normal value. This is because of the 
fact that deterioration of the cathode 84 will take 
place if a current passes between it and the anode 
when the temperature of the cathode has not 
reached its proper operating value. It is, there 
fore, desirable to first energize the cathodes 84 
by connecting them to the one secondary wind 
ing 94, the current passing through the Second 
arly 94 being also passed through the leg por 
tions 76 and 77 of member 72 shown in Fig. 5. 
The element 72 is so designed and constructed, 

particularly as to its dimensions, that there will 
be a time delay in the heating up or rise of 
temperature of the hot spot 79, which, for pur 
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On the order of 20 seconds. As long as member 
72 is magnetizable, that is, as long as the ten 
perature of the hot spot 79 is below 210° C., the 
armature will remain in the position shown in 
FigS. 3 and 6, but when member 72 becomes non 
magnetic or loses its magnetizable characteristic, 
the armature will be moved against the core 
structure. In order to make use of this move 
ment in the control of an electric circuit, I pro 
vide a contact plate. 97 on a part of the arma 
ture and provide a pair of contact terminals 
98, which are connected in circuit with an ac 
tuating coil 99 of a contactor provided with a 
pair of contact bridging members 101 and 102. 
The coil 71, it will be observed, is energized 
from a suitable source, which may be the supply 
circuit, including the conductors 88 and 89, thus 
the coil 71 will be energized as soon as switch 
91 is moved to its closed position, at which tine 
the incandescent filaments 84 will be energized 
from Secondary coil 94, this current traversing 
member 72 in the manner already described. 
Thus, after a time delay on the order of 20 
Seconds or Such other time as may be necessay 
to bring the incandescent cathodes to their op 
erating temperature, the armature will be moved 
to close the circuit of coil 99, whereby a movable 
core member 103, operatively associated with the 
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contact bridging members 101 and 102, will be 
moved upwardly to close the circuit to the plates 
86, whereupon the load 87 will ba energized, it 
being understood that the contact bridging nea 
bers engage fixed contact members in a manner 
well known in the art. 
That part of my invention constituted by the 

element 72 has a very important advantage over 
such prior constructions of which I have knowl 
edge in that the four leg portions 3, 4, 6 and 77 
can be made relatively large, both as to SaaSS 82nd 
also in regard to the superficial or heat, radiating 
area. Thus, in Figs. 1 and 2 of the drawings, the 
rear frame portion 22 directly in engagement with 
member 36 and the coil sections 16 and 1 also in 
direct supporting engagement with member 38 
will operate to quickly draw heat from the hot, 
spot, and, therefore, the temperature of this spot 
will be quickly reduced after the circuit has been 
opened, making it possible to again close the cite 
cuit through the energizing coil including the 
Sections 16 and 17. Substantially the saxine cont 
ments apply with regard to element 72, which is 
So located as to be quite open and not be covered 
by other parts of the structure with which it is 
aSSociated, but such parts of the core structure 
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as are directly in engagement therewith also as 
sist in quickly reducing the temperature of the 
hot spot 79. 
The construction of the magnetically reversible 

member 72 makes it possible to dispense with the 
use of any electric-insulating material between 
the member 72 (or 36) and the other parts of the 
magnetic circuit. This may be seen from the foil 
lowing: if an electric current were to be caused 
to traverse the member 72 through arms 24 and 
73, an electric potential difference would exist be 
tween the spaced parts, being the greatest be 
tween the ends. As the element 72 is connected 
in electric shunt to the magnetic core and arma 
ture (as will be evident by reference to Fig. 3) a 
part of the electric current would traverse this 
shunt circuit. 

If now the electric current traverses, arms 76 and 
77 there will be no appreciable difference of elec 
tric potential between the other ends of arms 74 
and 73 and hence no current of any appreciable 

3 
value will traverse the magnetic structure. The 
paths of the flux and of the electric current Cross 
each other at One point only. 

Various modifications may be made in the de 
vice embodying my invention without departing 
from the spirit and Scope thereof, and I desire, 
therefore, that only such limitations shall be 
placed thereon as are imposed by the prior art or 
are set forth in the appended claims. 

I claim as my invention: 
1. In a lockout relay including a magnetizable 

core structure, a coil thereon, and a movable ar 
mature for said core structure, and a thermally 
controlled variable reluctance member opera 
tively associated with the core structure and the 
armature for controlling the position of the arma 
ture. 

2. in a thermal relay including a magnetizable 
core structure, an energizing coil therefor and a 
movable armature, a thermally controlled variable 
reluctance member constituting a part of the 
magnetic circuit of the relay and means wereby 
a predetermined limited portion only of the Vari 
able reluctance member is heated. 

3. In a thermal relay including a magnetizable 
core structure, an energizing coil therefor and a 
movable armature, a therinally cont:"olled varie 
able reluctance nember constituting. 8, part of 
the magnetic circuit of the relay and negns effect 
ing a current flow through the variable reluc 
tance member Substantially laterally of the path 
of the flux therethrough and at a predetermined 
limited portion only of the variable reluctance 
henber. 
4. in a thermal relay including a ragnetizable 

core structure, an energizing coil therefor and a 
Irovable airmature, a the Inally controlled Variable 
reluctance member constituting a part of the 
Inagnetic circuit of the relay and means whereby 
a relatively short portion only of the variaiole 
reluctance member is heated by an electrical cuis 
ent. 
5. In a thermal relay including a magnetizable 

core structure, an energizing coil therefor and 
a movable armature, a magnetically reversible 
member forming a part of the flux path of the 
core structure, means including said core struc 
ture for supporting said member, and in eanS for 
passing an electric current through a predeter 
mined small portion only of the member to heat 
said portion, said supporting means constituting 
a heat dissipating means for the heated portion. 

6. In a thermal relay including a magnetizable 
core structure, an energizing coil therefor and 
a movable armature, a magnetically reversible 
member forming a part of the flux path of the 
core structure, and having a plurality of Sub 
stantially radially extending slits th9rein at one 
point defining a portion of relatively Small area, 
and electric means for heating the portion of 
relatively small area. 

7. In a thermal relay including a magnetizable 
core member, an energizing coil therefor, and a 
movable armature, a magnetically reversible 
member of substantially cross-shape for con 
trolling the position of the armature, a longitu 
dinal portion of the member defining a flux path 
and a lateral portion defining a path for an elec 
tric current, said paths having a Small area only 
in common. 

8. In a thermal relay including a magnetizable 
core member, an energizing coil therefor and a 
movable armature, a current-traversed magneti 
cally-reversible member controlling the position 
of the armature and providing intersecting flux 
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4. 
and current paths having a restricted portion 
Only in common. 

9. In a thermal relay including a core struc 
ture, a movable armature, a thermally controlled 
variable reluctance element operatively asso 
ciated with the armature and core structure and 
in electric shunt therewith, means for passing an 
electric current through the variable reluctance 
element while maintaining substantially zero 
difference of potential between points of differ 
ent magnetic potential in the armature and core 
structure. 

10. In a thermal relay including a magnetic 
core structure, a movable armature, and an elon 
'gated thermally controlled variable reluctance 
element, supported by the core structure and in 
electric shunt therewith, for controlling the mov 
able armature, means for passing an electric 
current through the variable reluctance element 
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to heat a restricted portion thereof while main 
taining substantially zero difference of electric 
potential between the ends of the elongated vari 
able reluctance element. 

11. A device as set forth in claim 10 in which 
Said means includes laterally extending current 
leads engaging the variable reluctance element 
at One point thereof. 

12. A thermal relay including a magnetic core 
structure, a movable armature and a current 
traversed thermally controlled variable reluc 
tance element operatively associated with the 
core structure and the armature, the flux and 
current paths in said variable reluctance ele 
ment having only a single common point. 

13. A device as set forth in claim 12 in which 
the current and flux paths intersect each other 
at Substantially right angles. 
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