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This invention relates to improvements in re 
sistance heater units for thermal overload de 
vices and methods of making the Saine. 
A primary object of the invention is to provide 

a resistance heater unit which will function in 
the desired manner to effect tripping of a ther 
mally responsive circuit controlling device under 
predetermined overioad conditions, while re 
maining substantially indestructible under ex 
tremely high overload conditions, as, for instance, 
a short circuit. 
Another object is to provide such a unit where 

in the resistance element itself is molded from a 
mixture of conducting and non-conducting in 
gredients in powder form in predetermined pro 
portions, according to the operating characteris 
tics and normal rating desired for the unit. 
Another object is to provide such a unit which 

is interchangeable with and adapted to act as an 
improved substitute for the wire heater coils 
heretofore employed. 
Another and more specific object is to provide 

a resistance heater element in the form of an an 
nular disk which is molded in situ between a pair 
of inner and outer tubular metal members, where 
by the latter are held in properly assembled 
relation. 
Another object is to provide novel means for 

affording a good electrical and mechanical in 
terlocking connection between the resistance 
heater element and said tubular metal members 
as an incident to the molding operation. 
Another object is to provide a novel form of 

wiring terminals and novel means for attaching 
the same to the tubular members to act as a Sup 
port for the unit as a whole. 
Another object is to provide novel methods of 

making resistance heater units of the aforemen 
tioned character. 
Other objects and advantages of the invention 

will hereinafter appear. 
The accompanying drawings illustrate certain 

embodiments of the invention which will now be 
described, it being understood that the embodi 
ments illustrated are susceptible of modification 
in respect of certain structural details thereof 
without departing from the spirit of our inven 
tion or the scope of the appended claims. 

In the drawings, 
Figure 1 is a top plan view of a resistance 

heater unit constructed in accordance with our 
invention; the same being shown applied to a 
known form of electrical circuit-controlling de 
vice as a substitute for the usual resistance wire 
heater coil. 
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Fig. 2 is a sectional view, on the line 2-2 of 

Fig. i. the parts of the resistance heater unit 
being shown in elevation. 

Fig. 3 is an enlarged sectional view (about 
three times normal scale), showing the parts of 
the resistance heate unit in assembled relation 
ship to each other, and in assembled relationship 
to a known foil of thernally responsive latch 
tripping device of the so-called eutectic alloy or 
Self-soldering Spa, and 

Fig. 4 is a sectional view similar to Fig. 3, show 
ing a slightly modified form of the inner tubular 
member and the moldied resistance heater ele 
ment, but with portions of the respective termi 
nal members broker away. 
The resistance heater unit herein disclosed is 

adapted for use with any well-known type of 
electro-thermally responsive overload circuit 
breakers; as, for instance, an overload circuit 
breaker of the character disclosed in Patent No. 
2,261,632, granted November 4, 1941, to T. F. 
Rosing and W. C. Stevens, for Electric circuit 
control mechanism, and assigned to the same as 
signee as the present application. The device 
herein disclosed would be substituted for the re 
sistance wire heater coil (shown at 98 in Fig. 12) 
of said Patent No. 2,261,632. As is well known by 
those skilled in this art, resistance wire heater 
coils of the character disclosed in Patent No. 
2,261,632 are satisfactory except under conditions 
of excessive overload, under which conditions 
they are very likely to fuse or burn out, thus pro 
ducing a fire hazard. Even though the afore 
mentioned resistance wire heater coils may in 
Some instances withstand fairly high overloads, 
it is invariably found that such high overloads 
have a deleterious effect upon the resistance 
value or calibration of the coil; such high over 
loads in most cases causing a substantial drop in 
the resistance value of the heater coil. The un 
desirability of such a result is obvious. 
We have found that resistance heater units 

produced in accordance with our invention have 
, the very desirable characteristic that the normal 

resistance value and current rating thereof when 
completed will be substantially maintained both 
under the usual Overload conditions encountered 
in practice, and under conditions of excessive 
overload, such as those incident to a short cir 
cuit, in which the unit may be called upon to 
withstand as much as twenty times its rated cur 
rent. In practice it is possible to quite accurately 
insure the desired current rating of a given unit 
by carefully selecting and proportioning the 

55 powder ingredients of the resistance element, 
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and by properly controlling the molding pressure 
and the heat treatment to which the molded 
article is subjected. 

Referring first to that form of our invention 
shown in Figs. 1, 2 and 3, the numeral desig 
nates a molded insulating base section of a known 
form of electro-thermally responsive circuit 
breaker (as, for instance, one of the base Sec 
tions T2, 12 shown in Figs. 1, 2 and 12 of the 
aforementioned Patent 2,261,632). Base section 

is provided in its outer surface with an ap 
proximately cylindrical recess l, said outer Sur 
face being provided with countersunk recesses 2 
and 3, and the diametrically opposed side wall 
portions and the bottom wall of recess being 
also countersunk at 4, 5 and f, respectively, 
to accommodate an approximately U-shaped 
metal yoke member 7, whose outwardly bent 
end portions 18 and 19 are perforated (as shown 
in Fig. 2) to provide clearance for the shanks of 
a pair of so-called self-tapping metal screws 20; 
said shanks being formed in any well known 
manner to provide for tapping thereby of suitable 
recesses 2, 22 opening to said countersinks 2 
and 3. The inner portion of yoke member 7 is 
provided centrally thereof with a circular open 
ing surrounded by an upstanding annular 
flange 23. 
A tubular metal member, having a bore 2 of 

circular cross section extending therethrough, 
includes a relatively long thin-walled portion 25, 
a relatively thick-walled portion 26, and an an 
nular flange 27. As shown at 28 in Fig. 2 Said 
portion 26 is longitudinally milled (or otherwise 
roughened in any suitable manner); the same 
being readily insertable within the upstanding 
flange 23, and the latter being then pressed or 
spun inwardly against the milled periphery of 
portion 26 to interlock said parts against rotary 
or longitudinal movement relatively to each 
other. As best illustrated in Fig. 3 the parts 
last mentioned are so assembled that the flange 
2T will abut against the lower surface of the 
adjacent portion of metal support member 7. 

Insertable upwardly into the bore 24 is a ma 
chined metal member having a cylindrical upper 
end portion 29, the upper end of which is adapted 
to be positioned in a substantially flush rela 
tionship to the upper end of portion 25 of the 
aforementioned tubular member; the outside 
diameter of said portion 29 being somewhat less 
than the inside diameter of bore 24 to insure that 
the former will be freely rotatable within the 
latter. However, a relatively thin or capillary 
film of eutectic alloy or solder 30 is interposed 
between the portions 29 and 26 to normally posi 
tively lock the former against rotation with re 
spect to the latter. Adjacent portion 29 is a 
portion 3 of substantially reduced diameter, and 
the aforementioned portion 25 is preferably pro 
vided with a pair of diametrically opposed open 
ings 32 and 33 at the line of junction of portions 
29 and 3, the purpose of these openings being 
well known to those skilled in the art. 
Adjacent the lower end of portion 3 is an 

other portion 34 which is freely rotatable within 
bore 24. However, the portion 34 and the bore 
24 are provided with transversely alined periph 
eral grooves of segmental form in transverse 
cross section, which are jointly adapted to ac 
commodate a split spring ring 35, which locks 
these parts against accidental longitudinal dis 
placement, while permitting relative rotation 
thereof upon fusing or melting of the afore 
mentioned soldier film 3D. Adjacent portion 34 
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4. 
is a flange portion 36, which is slightly Spaced 
from the lower surface of flange 2 to afford 
rotary clearance between these parts. Below 
flange 36 is a portion of reduced diameter (not 
shown) upon which a perforated ratchet wheel 
37 is adapted to be strung. The lower end of 
said last mentioned reduced portion is tightly 
riveted or upset over the lower end of ratchet 
wheel 37, as indicated at 38 in Figs. 2 and 3, 
to secure said parts against rotation relatively 
to each other. The numeral 39 in Fig. 2 desig 
nates a fragment of a resilient pawl carried by 
a movable member of suitable form (not shown), 
which member is normally biased to a given cir 
cuit-interrupting position and is restrained by 
ratchet wheel 3 against such biased movement 
pending fusion of the aforementioned solder film. 
The parts aforedescribed are of known form, and 
the same form no part of the present invention. 
As aforestated, we substitute for the usual 

coiled wire heater element a device of the char 
acter now to be described. Our device comprises 
essentially an outer tubular metal member 4, 
the outside diameter of which is such as to per 
mit ready insertion thereof into recess and 
between the upstanding arms of the aforemen 
tioned metal supporting member 5; an inner 
tubular metal member 4 (Fig. 3) whose inside 
diameter is Such that it is easily slidable down 
wardly over the upper end portion 25 of the 
member forming part of the aforedescribed 
thermally responsive device. The lower ends of 
tubular members 40 and 4 are arranged in flush 
relationship to each other, and the same are 
rigidly mechanically connected to each other by 
'an interposed annular or disk-like body 42 com 
posed of a mixture of ingredients in powder form 
molded in situ under relatively high pressure and 
subjected to a suitable heat treatment as here 
inafter described. 
We prefer to provide the tubular member 4 

with an external peripheral groove 43 adjacent 
the lower end thereof, thus forming a thinned 
and more readily deformable wall portion 44, 
which is bulged outwardly as shown as an in 
cident to molding of the body 42, whereby a 
positive mechanical interlock is provided between 
the latter and member 40. Member 4 is like 
wise provided adjacent its lower end with a plu 
rality of Outwardly projecting annular ribs or 
vanes 45, 46, 47, which initially extend outwardly 
in planes at substantially right angles to the 
longitudinal axis of member 4 ; but the upper 
rib 45 is bent or deflected downwardly to a con 
siderable extent, and the intermediate rib 4 
is bent downwardly to a slight extent as an 
incident to application of the necessary molding 
pressure to the body of material 42. Such de 
formation of at least some of the ribs 45, 4 
and 47 insures a good mechanical interlocking 
connection between tubular member 4 and the 
body 42 forming the heating resistor element of 
the device. The mechanical interlocking con 
nections afforded between body 42 and each of 
the tubular members 40 and 4 also insure good 
electrical and thermal connections between these 
parts. 
Member 4 is preferably provided exteriorly 

thereof between its upper end and the body 42 
with a peripheral groove 48 which is adapted to 
act as a heat block to minimize the amount of 
heat transmitted through member 4 to its 
terminal end. 
The members 40 and 4 are provided with ex 

76 teriorly cut-away or reduced upper end portions 
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39 and 50 to respectively accommodate the cir 
cular openings 5 and 52 formed in a pair of 
terminal members 53 and 5; said terminal mem 
bers being rigidly and permanently mechanically 
and electrically connected to the respective mem 
bers 40 and 6 by soldering (preferably silver 
soldering), brazing, or welding the same, as indi 
cated at 55 and 56 in Fig. 3. Terminal members 
S3 and 54 have perforated end portions 57 and 58 
bent at right angles thereto to overlie the respec 
tive openings (not shown) in a pair of wiring ter 
minal plates 59 and 60 (Fig. 1). Plates 59 and 
66 are respectively provided with outer openings 
(not shown); and the two openings in each of 
plates 59 and 60 respectively overlie recessed and 
tapped metal inserts (not shown) in base sec 
tion () to accommodate the shanks of a corre 
sponding number of wiring terminal screws 6. 
Thus the outer screws 6 provide for electrical 
Connection of the circuit wires to plates 59 and 
6e while the inner screws 6 provide for electri 
cal connection of the terminals 53 and 58 to the 
respective plates 59 and 60. 
In the slightly modified form of our invention 

illustrated in Fig. 4 most of the parts may be 
identical with those aforedescribed, and the cor 
responding parts have been given like numerals 
of reference. However, the molded and heat sin 
tered body 62 is of substantially less thickness 

, than that shown at 82 in Fig. 3. Therefore, al 
though the member 41a in Fig. 4 may be ma 
chined from the same metal blank or piece as 
the corresponding member in Fig. 3, we prefer 
to provide upon the member 4 fa in Fig. 4 only 
two peripheral ribs or vanes, which are desig 
nated by the numerals 63 and 6s; it being under 
stood that the rib 63 is substantially deformed 
or bent downwardly as an incident to the mold 
ing pressure, to afford the aforementioned good 
mechanical, electrical and thermal connection 
between the molded body 62 and member 4. 

Also as shown in Fig. 4, we prefer to Coat or 
ename the upper and lower surfaces of the mold 
ed body 62 with a suitable medium, such as blue 
frit, as indicated at 65 and 66; the coatings of 
blue frit in their final form acting to completely 
seal of the molded body 62 from contact with 
the surrounding atmosphere, thus assisting in 
stabilizing the operating and overload current 
controlling characteristics of the unit as a whole. 
It is to be understood that the molded and heat 
sintered body 42 in the device of Figs. 1 to 3 may 
likewise be provided with upper and lower pro 
tective and sealing layers of blue frit in a fused 
and hardened condition, as in Fig. 4, with conse 
quent attainment of the desirable results afore 
mentioned. On the other hand, many of the de 
sirable operating characteristics of our device 
may be attained without the use of the afore 
mentioned enamel coatings, especially in respect 
of certain uses of the device, and in certain in 
stallations where the variability of the operating 
conditions to be met with is at a minimum. 
As a result of extensive experiments, we have 

found that many different conducting and non 
conducting materials and binding agents may be 
employed in various different proportions, ac 
cording to the operating characteristics (includ 
ing resistance values) desired in the article in 
final form. 
Thus, of the powdered metals which may be 

employed where a positive temperature coefficient 
of resistance is desired in the resistance element, 
we prefer to use a metal (or combinations of two 
or more of the metals) of the group comprising: 

(1) iron; (2) nickel; (3) chromium; (4) tung 
sten; (5) silver; and (6) titanium. 
Of the powdered materials which may be en 

ployed where a negative temperature coefficient 
of resistance is desired, we prefer to employ 
either: (1) carbon (preferably in the form of 
graphite), or (2) Carborundum. 
As non-conducting ingredients of the resist 

ance element we prefer to employ (in colloidal 
form) either: (1), bentonite; or (2) kaolin, or a 
mixture thereof. 
As binding agents we prefer to combine with 

the molding mixture (when required) either: (1) 
sodium silicate; (2) chronic acid, or (3) mag 
nesium oxychloride, or a mixture of any two or 
all of said materials. As will be noted from cer 
tain of the examples hereinafter set forth, it may 
not be necessary to employ any of the aforemen 
tioned binding agents, regardless of whether or 
not the resistance element is to be sintered before 
use thereof; such omission of the binding agent, 
of course, depending upon the particular chair 
acter of the conducting and non-conducting ma 
terials employed in producing the element. 
When it is desired to sinter the molded resist 

ance element prior to use of the same, we prefer 
to include in the molding composition a predeter 
mined proportion of a suitable frit or enamel 
(such as blue frit); although here again Such a 
binder may or may not be required, but depends 
upon the particular character of the conducting 
and non-conducting ingredients of the molding 
mixture. 
Whether or not such blue frit is included as a 

part of a particular molding mixture, we have 
found it desirable in most instances where the 
resistance element is to be sintered to provide 
the otherwise exposed faces of the body thereof 
with a coating of blue frit to be fused as an 
incident to the sintering operation. Such blue 
frit or enamel coating assists in stabilizing the 
operating characteristics of the element, and seals 
and strengthens the same. 
The following is one method of producing a 

resistance element in accordance with our inven 
tion whereby an extremely low resistance value 
is provided: 
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Eacample I 
A mixture of ingredients in powder form in the 

following proportions by weight was employed: 
50 

Per cent 
A mixture of nickel and chromium (of which 

55 20 per cent was nickel and 80 per cent was 
chromium) ----------------------------- 90 

Blue frit enamel--------------------------- 5 
Kaolin (in colloidal form) ----------------- 2 
Chronic acid----------------------------- 3 

60 After thoroughly mixing said ingredients in a 
suitable manner the mixture was placed in a 
humidifier and allowed to remain there for forty 
eight hours. We then deposited two grams of 
the humidified powder mixture into each of a 

65 plurality of die cavities, into each of which a set 
of the tubular metal parts 40 and 4 had previ 
ously been properly positioned. The parts of 
the molding dies were then heated to 400 degrees 
F., and then operated to effect application of a 

0 pressure of 10,000 pounds per square inch to 
the powder mixture. 
The articles consisting of the molded bodies 

(82) and the respective sets of tubular metal 
members 60 and 4f united thereby were then 

25 removed from the molding cavities and sintered at 
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a temperature of 1800 degrees F. in air. The 
terminal members 53 and 54 were then attached 
to the respective tubular members 40 and 4 
in the manner aforedescribed. Upon testing one 
of the units the same was found to have a re 
sistance value of .000576 ohm. Such unit was. . 
then assembled with respect to a thermally re 
sponsive device like that shown in Fig. 3, and 
upon subjection of the circuit containing the same 
to a current of 80 amperes, the tripping time 
was found to be 5.22 minutes (under a condition 
of 40 degrees C. ambient temperature). Under 
the same ambient temperature condition, upon 
subjection of the circuit to a current of 78 am 
peres, the tripping time was found to be 7.15 
minutes. Under said ambient temperature con 
dition when the circuit was subjected to a cur 
rent of 77 amperes the thermal overload would 
not trip during a period of 30 minutes. There 
fore, assuming that Said device would require a 
current of at least 77.5 amperes to effect trip 
ping thereof, the rating of the unit would be: 
77.5 times 1.05, equals 81.4. The device when 
subjected to an overload of 1000 per cent for a 
number of times performed Satisfactorily. 

Eacample II 
A mixture of ingredients in powder form in the 

following proportions by weight was employed: 

0. 

5 

20 

25 

30 Per cent 
Iron ------------------------------------- 33 
Carborundum ------ a - - - - - - - - -n - - - - - - - - - - - - -n 47 

Kaolin ----------------------------------- 10 
Sodium silicate.---------------------------- i0 
After mixing and molding the powdered ingre 

dients and sintering the molded articles in the 
manner Set forth in Example I, except that 3 
grams of the powdered mixture were employed 
for each article, one of the same, tested for an 
example, was found to have a resistance value 
of .017 ohm. The tripping current for said unit 
was found to be 30 amperes, and the same with 
stood a number of 1000 per cent overloads very 
well. This sample was also subjected to the 
four times fusing 5000 ampere short circuit test. 
The fuse burned out, and no fire hazard whatso 
ever resulted from operation of this resistance 
heater unit. On the contrary, the resistance ele 
ment was found to remain almost at room tem 
perature. Such a result would, of course, not be 
possible with a wire coil heater of like or similar 
operating character or rating. 

Eacample III 
A mixture of ingredients in powder form in 

the following proportions by weight was em 
ployed: 

Per cent 
Iron ------------------------------------- 35 
Carborundum ----------------------------- 45 
Kaolin ----------------------------------- 10 
Blue frit---------------------------------- 10 

The ingredients were mixed and molded in 
the manner set forth in Example I. However, we 
here employed two and one-half grams of the 
molding mixture for each unit. After the mold 
ing operation the units were dipped in a blue frit 
solution. After drying at a temperature below 212 
degrees F. the units were placed uppn a "Transite' 
board and deposited in a furnace. The temper 
ature was caused to rise slowly from room ten 
perature to 1200 degrees F., which temperature 
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8 
The units were then baked at 1200 degrees F. 
for about one hour. The temperature was then 
raised to 1500 degrees F., whereupon the blue frit 
fused. The supply of heat to the furnace was then 
discontinued, and the units were removed after 
the blue frit enamel had hardened. One of the 
completed units, having a measured resistance 
value of 2.89 ohms, was tested as follows in con 
junction with a conventional overload device (such 
as that shown in Figs. 1, 2 and 3), with a resultant 
slight variation in resistance value: 

Resistance, Ampetes S. 
wurm-in-a-no-ma-e- 

Tripped three times at rated current------ Tripped three times at current of 
Tripped three times at current of Tripped three times at current of 
ripped three times at current of 

Tripped three times at current of.- Tripped three times at current of... Tripped three times at current of 
Tripped three times at current of 

The resistance was measured at the end of each 
three tripping operations, and it will be noted that 
the resistance variation amounted to only 0.1 ohm 
throughout the entire range of currents to which 
the unit was subjected, 

cample IV 
A mixture of ingredients in powder form in 

the following proportions by weight was emi 
ployed: 

Percent 
Iron ------------- but we atmosphouses agains well assanows 38 

Carborundum ---------------------------- 4. 
Kaolin ---------------------- ?tir a won --- 20 

Said ingredients were mixed and molded in the 
manner set forth in Example I, and the molded 
articles were then sintered at a temperature of 
1700 degrees F. in an atmosphere of hydrogen. 
Such units when sintered were found to have a 
resistance value of .011 ohm, and a rated current 
of 20 amperes. During testing the units with 
stood currents up to 200 amperes without change 
in the value of their resistance. The units had 
a good appearance or finish, and especially good 
mechanical strength. 

Eacample W 
A mixture of ingredients in powder form in 

the following proportions by weight was emi 
ployed: 

Said ingredients were mixed, molded and heat 
sintered in the manner set forth in Example 
IV. The units were enameled with a low melt 
ing point frit. Units produced from the materials 
and in the manner above set forth were found to 
have a resistance value of approximately .06 ohm. 
Although we have herein specifically mentioned 

a molding pressure of 10,000 pounds per square 
inch, it is to be understood that the molding 
pressure employed may be varied throughout a 
very wide range, according to the physical char 
acteristics of the particular ingredients of the 
resistance composition employed and/or the par 
ticular characteristics desired in the final article. 
For example, we have in some cases employed 
molding pressures as high as twenty-five tons per 

was attained at the end of a period of two hours, 76 square inch. 
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Also while we have herein set forth only cera 

tain examples of methods by which the articles 
herein contemplated may be produced, it is to be 
understood that innumerable other combinations 
and proportions of ingredients, and the steps of 
treating the same, may be employed; but in all 
cases the advantage of non-fusibility of the re 
sistance element under excessive overload cond 
tions will be attained, as well as other advantages 
hereinabove set forth. 
We claim: 
1. In a device of the character described, in 

combination, an outer tubular metal member, an 
inner tubular metal member arranged in Concen 
tric relationship thereto, and an integral mass of 
moided powder composition resistance material 
interposed between said members and rigidly 
and permanently attached thereto throughout 
the inner periphery of the outer tubular mem 
ber and throughout the outer periphery of the 
inner tubular member, said resistance material 
comprising essentially a conducting material and 
a non-conducting material in predetermined pro 
portions, and said resistance material being char 
acterized by its ability to withstand extremely 
high overload currents passing therethrough 
without fusing. 

2. In a device of the character described, in 
combination, an outer tubular metal member of 
circular form in transverse CrOSS Section, an in 
ner tubular metal member of circular form in 
transverse cross Section arranged in concentric 
relationship thereto, an integral mass of molded 
powder composition resistance material inter 
posed between said members and rigidly and per 
manently attached thereto throughout the inner 
and outer peripheries thereof respectively, said 
resistance material comprising essentially a con 
ducting material and a non-conducting material 
in predetermined proportions, Said resistance 
material being characterized by its ability to 
withstand without fusing overload currents 
which are extremely high with respect to the 
normal current rating of the device, and a pair 
of metal terminal members rigidly and per 
manently attached to the respective tubular 
members and acting as a support for the device 
as a whole. 

3. A resistance heater unit for thermal Over 
load devices, comprising a pair of concentric 
outer and inner tubular metal members, said 
members being rigidly and permanently me 
chanically and electrically connected with each 
other by an integral annular body composed of a 
mixture of conducting and non-Conducting ma 
terials in powder form molded under relatively 
high pressure in situ therebetween, and said ma 
terials being so proportioned relatively to each 
other as to afford a predetermined value of re 
sistance of said molded body. 

4. A resistance heater unit for thernal Over 
load devices, comprising a pair of concentric outer 
and inner tubular metal members, said members 
being rigidly and permanently mechanically and 
elctrically connected with each other by an in 
tegral annular body composed of a mixture of 
conducting and non-conducting materials in 
powder form molded under relatively high pres 
sure in situ therebetween, said materials being 
so proportioned relatively to each other as to af 
ford a predetermined value of resistance of said 
molded body, and a pair of punched and stamped 
sheet metal terminal members rigidly and per 
manently mechanically and electrically connect 
ed to the respective tubular members to afford 

mechanical support and electrical connections 
for the unit as a whole, 

5. A resistance heater unit for thermal over 
load devices, comprising a pair of concentric outer 

5 and inner tubular metal members of circular 
form in transverse cross section, said members 
being rigidly and permanently mechanically and 
electrically connected with each other by an in 
tegral annular body composed of a mixture of 
conducting and non-conducting materials in pow 
der form molded under relatively high pressure 
in situ therebetween, said materials being so pro 
portioned relatively to each other as to afford a 
predetermined value of resistance of said molded 
body, said conducting material consisting of one 
or more substances of the group composed of iron, 
nickel- chronium, tungsten, silver, titanium, car 
bon and Carborundum, and said non-conducting 
material consisting of one or more substances of 
the group composed of bentonite and kaolin. 

6. A resistance heater unit for thermal over 
load devices, comprising a pair of concentric outer 
and inner tubular metal members of circular 
form in transverse cross section, said members 
being rigidly and permanently mechanically and 
electrically connected with each other solely by 
an integral annular body composed of a mixture 
of conducting and non-conducting materials in 
powder form molded under relatively high pres 
Sure in situ therebetween, said materials being 
So proportioned relatively to each other as to 
afford a predetermined value of resistance of said 
molded body, said conducting material consisting 
of one or more metals of the group composed of 

5 iron, nickel, chromium, tungsten, silver and ti 
tanium, and said non-Conducting material con 
sisting of one or more substances of the group 
composed of bentonite and kaolin. 

7. A heater unit for thermal overload devices, 
comprising a pair of concentric outer and inner 
tubular metal members, said members being rig 
idly and permanently mechanically and electri 
cally connected with each other solely by an 
integral annular body composed of a mixture of 

45 conducting and non-conducting materials in 
powder form molded under relatively high pres 
sure in situ therebetween, a portion of said non 
conducting material being composed of a binding 
agent Selected from the group consisting of so 

50 dium silicate, chromic acid and magnesium oxy 
chloride, and said conducting and non-conducting 
materials being so proportioned relatively to each 
other as to afford a predetermined value of re 
sistance of said body. 

8. A heat sintered heater unit for thermal over 
load devices, comprising a pair of concentric outer 
and inner tubular metal members of circular 
form in transverse cross section, said members 
being rigidly and permanently mechanically and 

0 electrically connected with each other solely by 
an integral annular body composed of a mixture 
of conducting and non-conducting materials in 
powder form molded under relatively high pres 
Sure in situ therebetween, said mixture having 
incorporated therein a binding agent selected 
from the group consisting of sodium silicate, 
chronic acid and magnesium oxychloride, said 
molded mixture when subjected to a predeter 

to mined heat sintering treatment being adapted to 
provide a predetermined value of resistance of 
said body, and a pair of punched and stamped 
sheet metal terminal members rigidly and perma 
nently mechanically and electrically connected to 

75 the respective tubular members to afford me 
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chanical support and electrical connections for 
the unit as a whole. 

9. A heat sintered resistance heater unit for 
thermal overload devices, comprising a pair of 
outer and inner tubular metal members of circu 
lar form in transverse cross section, Said members 
peing rigidly and permanently mechanically and 
electrically connected with each other solely by 
an integral annular body composed of a mixture 
of conducting and non-conducting materials in 
powder form molded under relatively high pres 
sure in situ therebetween, said conducting mate 
rial consisting of one or more substances of the 
group composed of iron, nickel, chronium, tung 
sten, silver, titanium, carbon and Carborundum, 
said non-conducting material consisting of one 
or more substances of the group composed of 
bentonite and kaolin, said mixture having incor 
porated therein a binding agent selected from the 
group consisting of sodium silicate, chromic acid 
and magnesium oxychloride, and the ingredients 
of said mixture being so proportioned relatively 
to each other as to provide a predetermined value 
of resistance of the molded body after a predeter 
mined heat sintering treatment thereof. 

10. A heat sintered resistance heater unit for 
thermal overload devices, comprising a pair of 
outer and inner tubular metal members of circul 
lar form in transverse cross section, said mem 
bers being rigidly and permanently mechanically 
and electrically connected with each other solely 
by an integral annular body composed of a mix 
ture of conducting and non-conducting materials 
in powder form molded under relatively high 
pressure in situ therebetween, said conducting 
material consisting of one or more metals of the 
group composed of iron, nickel, chromium, tung 
sten, silver and titanium, said non-conducting 
material consisting of one or more substances of 
the group composed of bentonite and kaolin, said 
mixture having incorporated therein a binding 
agent selected from the group consisting of co 
dium silicate, chromic acid and magnesium oxy 
chloride, and the ingredients of said mixture 
being so proportioned as to provide a predeter 
mined value of resistance of the molded body 
after a predetermined degree of heat sintering 
treatment thereof. 

1. A heat sintered resistance heater unit for 
thermal overload devices, comprising a pair of 
outer and inner tubular metal members of cir 
cular form in traverse cross section, said mem 
bers being rigidly and permanently mechanically 
and electrically connected with each other solely 
by an integral annular body composed of a mix 
ture of conducting and non-conducting mate 
rials in powder form molded under relatively high 
pressure in situ therebetween, said conducting 
material consisting of one or more metals of the 
group composed of iron, nickel, chronium, tung 
sten, silver and titanium, said non-conducting 
material consisting of one or more substance of 
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the group composed of bentonite and kaolin, said 
mixture having incorporated therein a binding 
agent selected from the group consisting of 
sodium silicate, chromic acid and magnesium oxys 
chloride, the ingredients of said mixture being 
so proportioned as to provide a predetermined 
value of resistance of the molded body after a 
predetermined degree of heatsintering treatment 
thereof, and the exposed surfaces of said molded 
body having a coating of blue frit applied thereon 
and rigidly united therewith, as an incident to 
said heat sintering treatment, said coating acting 

70 

s 

12 
to completely seal said body from contact ith 
the atmosphere. 

12. A heat sintered heater unit for thermal 
overload devices, comprising a pair of concentric 
Outer and inner tubular metal members of circular 
form in transverse cross section, said members 
being rigidly and permanently mechanically and 
electrically connected with each other solely by an 
integral annular body composed of a mixture 
of conducting and non-conducting materials in 
powder form molded under relatively high pres 
Sure in situ therebetween, said materials con 
sisting of 33 per cent by weight of iron, 47 per 
cent of Carborundum, 10 per cent of kaolin, and 
10 per cent of sodium silicate, said molded body 
being characterized by a resistance value of 2214 
ohms when sintered at 1800 degrees F. for a 
period of fifteen minutes and the same being 
further characterized by a resistance value of 19.8 
ohms when sintered at the aforementioned tem 
perature for a period of ninety minutes. 

13. A resistance heater unit for thermal over 
load devices, comprising a pair of concentric outer 
and inner tubular metal members, said members 
being rigidly and permanently mechanically and 
electrically connected with each other solely by 
an integral annular body composed of a mixture 
of conducting and non-conducting materials in 
powder form molded under relatively high pres 
sure in situ therebetween, said materials being 
so proportioned relatively to each other as to 
afford a predetermined value of resistance of said 
molded body when heat sintered at a predeter 
mined relatively high temperature for a prede 
termined length of time, and said molded body be 
ing characterized by a variation in its resistance 
value substantially inversely proportional to an 
increase in the length of the sintering treatment 
at said temperature. 

14. The method of making a resistance heater 
unit for a thermal overload device, which com 
prises rigidly and permanently mechanically and 
electrically connecting a pair of outer and inner 
tubular metal members solely by molding under 
relatively heavy pressure in situ therebetween an 
integral annular body composed of a mixture of 
conducting and non-conducting materials in 
powder form, said materials being so propor 
tioned relatively to each other as to afford a 
predetermined value of resistance of Said molded 
body. 

15. The method of making a resistance heater 
unit for a thermal overload device, which com 
prises rigidly and permanently mechanically and 
electrically connecting a pair of Outer and inner 
tubular metal members solely by molding under 
relatively heavy pressure in situ therebetween an 
integral annular body composed of a mixture of 
Conducting and non-conducting materials in 
powder form, said materials being so proportioned 
relatively to each other as to afford a predea 
termined value of resistance of Said molded body, 
and thereafter rigidly and permanently mechani 
cally and electrically connecting to the respective 
tubular members a pair of punched and stamped 
sheet metal termina members to afford mechania 
cal support and electrical connections for the unit 
as a whole. 

16. The method of making a resistance heater 
unit for thermal overload devices, which Com 
prises rigidly and permanently mechanically and 
electrically connecting a pair of outer and inner 
tubular metal members solely by molding in situ 
therebetween under a pressure of at least ten 
thousand pounds per square inch an integral an 
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htular body composed of a mixture of conducting 
and non-conducting materials in powder form, 
said conducting material consisting of one or 
more substances of the group composed of iron, 
nickel, chromium, tungsten, silver, titanium, car 
bon and Carborundum, and said non-conducting 
material consisting of one or more substances 
of the group composed of bentonite and kaolin, 
Said materials being SO proportioned relatively 
to each other as to afford a predetermined value 
of resistance of said molded body. 

17. The method of making a resistance heater 
unit for thermal overload devices, which com 
prises rigidly and permanently mechanically and 
electrically connecting a pair of Outer and inner 
tubular metal members solely by molding in situ 
therebetween under a pressure of at least ten 
thousand pounds per square inch an integral an 
nular body composed of a mixture of conducting 
and non-conducting materials in powder form, 
said conducting material consisting of one or 
more metals of the group composed of iron, nickel, 
chromium, tungsten, silver and titanium, said 
non-conducting material consisting of one or 
more substances of the group composed of ben 
tonite and kaolin, said materials being So pro 
portioned relatively to each other as to afford 
a predetermined value of resistance of said 
molded body, and then subjecting said molded 
body to a heat sintering treatment at a prede 
termined relatively high temperature for a pre 
determined period of time to effect a predeter 
mined variation in said resistance value. 

i8. The method of making a resistance heater 
unit for thermal overload devices, which com 
prises rigidly and permanently mechanically and 
electrically connecting a pair of outer and inner 
tubular metal members of circular form in trans 
verse cross section solely by molding in situ there 
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LESTER. D. DRUGMAND ET AL. 
certified that errors appear in the printed specification of the above 
requiring correction as follows: 

4. 
between under a pressure of approximately ten 
thousand pounds per square inch an annular in 
tegral body composed of a mixture of predeter 
mined proportions of conducting and non-con 
ducting materials in powder form, said mixture 
having incorporated therein a binding agent Se 
lected from the group consisting of Sodium sili 
cate, chromic acid and magnesium oxychloride, 
said conducting material consisting of one or more 
metals of the group composed of iron, nickel, 
chromium, tungsten, silver and titanium, Said 
non-conducting material consisting of one or 
more substances of the group composed of 
bentonite and kaolin, subjecting said molded mix 
ture to sintering at a predetermined temperature 
for a predetermined period of time to provide 
a predetermined value of resistance of Said body, 
and thereafter rigidly and permanently mechani 
cally and electrically connecting to the respective 
tubular members a pair of punched and stamped 
sheet metal terminal members to afford mechani 
cal and electrical connections for the unit as a 
whole. 
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