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This invention relates to electrical circuit ele 
ments, and particularly to Wire coil circuit ele 
ments such as resistors and to methods for manu 
facturing such circuit elements. 

Certain electrical circuit installations are Sub 
jected to a high degree of thermal shock, i. e., 
extreme and rapid temperature changes and 
must operate satisfactorily under conditions of 
high humidity. An example of such installations 
is to be found in naval electrical circuits where 
in the parts are Subjected to thernal Shock and 
to exposure to salt water. 
The present invention is particularly directed 

to providing resistors for such installations which 
can Operate satisfactorily under the described 
conditions. Wire coil resistors which are coated 
Wtih conventional warnishes or lacquers are un 
Suitable for these installations due to the fact 
that the varnishes and lacquers do not withstand 
a high temperature without deterioration and 
failure in their insulating properties. Wire coil 
resistors which are coated with vitreous enamel 
are adapted for high temperature installation 
since vitreous enamel has high thermal resistivity 
and maintains an effective insulating coating for 
the coil even under conditions of continuous high 
temperatures. However, in installations wherein 
the resistor is subjected to thermal shock the 
vitreous enamel shows a tendency to craze and 
the multiplicity of surface cracks thus formed, 
even though relatively minute, impair the effec 
tiveness of the enamel coating, particularly in 
respect to moisture resistivity, durability and 
other operating conditions. 
In accordance with the present invention a 

circuit element, and particularly a wire coil re 
sistor structure, is provided which is particularly 
adapted for high temperature installations by 
providing protection for the wire coil or other 
electrical circuit component while at the same 
time being capable of Withstanding a high degree 
of thermal shock and being Suitable for use under 
high humidity conditions. 
Accordingly it is an object of the present in 

vention to provide an improved circuit com 
ponent Such as a Wire coil electrical resistive ele 
ment which will effectively resist high degrees of 
thermal shock and which is capable of continuous 
operation at high temperatures. 
Another object of the invention is to provide 

an improved circuit component and particularly 
a wire coil electrical resistive element which re 
tains its electrical properties under conditions 
of high humidity. 

Still another object of the invention is to pro 
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vide an improved resistor structure in which the 
wire coil element is highly protected from physi 
cal blows and thermal shock whereby to main 
tain the electrical characteristics of the resistor 
substantially constant. 
A further object is to provide in combination 

With a resistor structure set forth above an in 
proved connecting lead wire which aids in pro 
longing the watertight and water-repellent char 
acteristics of the resistor. 
Yet another object is to provide an electrical 

circiut element and particularly a wire coil re 
sistor wherein silicone is employed in an im 
proved manner to provide a protective coating 
for the wire coil. 
A still further object of the invention is to pro 

vide an improved method of manufacturing a 
circuit element and particularly a wire coil re 
sistor of the type described. 
Warious other objects, advantages and features 

of the invention will be apparent from the foll 
lowing specification. When taken in connection 
with the accompanying drawings wherein cer 
tain preferred embodiments of the invention are 
set forth for purposes of illustration. 

In the drawings wherein like reference nu 
merals have been used to refer to like parts 
throughout: 

Figure 1 is a perspective view of a wire coil 
resistive circuit element constructed in accord 
ance with and embodying the principles of the 
present invention; 

Figure 2 is an enlarged perspective view of the 
resistor core Which forms a part of the resistive 
element shown in Figure 1, one end of the core 
being shown in the condition prior to the appli 
cation of the silicone coating; 

Figure 3 is an enlarged perspective view of the 
outer shell or tube which forms part of the resis 
tive element of Figure 1; 

Figure 4 is a further enlarged view in Vertical 
cross section of one end of the resistive element 
shown in Figure 1; 

Figure 5 is a view in CrOSS Section of the resis 
tor substantially as seen in the direction of the 
arrows along the line 5-5 of Figure 4; 

Figure 6 is a perspective view of another emi 
bodiment of a wire coil resistive circuit element 
made in accordance with the principles of the 
present invention, 

Figure 7 is an enlarged view in cross section of 
one end of the resistor shown in Figure 6; and 

Figure 8 is a cross sectional view of the re 
Sistor ShoWn in Figure 6 substantially as seen 
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in the direction of the arrows along the line 
8-8 of Figure. 

In the drawings the invention has been illus 
trated as applied to an electrical resistor of the 
wire coil type to which it has particular appli 
cation. It is to be understood however that the 
invention is also adapted for use with other elec 
trical circuit units or elements containing cir 
cuit components to be protected and particularly 
wherein high temperature and high humidity 
operating conditions and conditions of thermal 
shock are to be encountered. 

Referring more specifically to the drawings 
there is illustrated in Figure 1 a resistor, gener 
ally designated by the numeral 0, made in ac 
cordance with and embodying the principles of 
the present invention. Resistor iO comprises a 
core 2, best illustrated in Figure 2, an outer 
shell or tube A within which core 2 is disposed 
and an outer covering which will be more fully 
described hereinafter. 
As may be best seen in Figures 2 and 4, core 

12 includes a, body portion 6 carrying on its 
opposite ends a pair of terminal lugs 8 and 20. 
These terminal lugs have projecting tine portions 
formed integral with band portions engaging the 
body of the resistor, the tine portions being Se 
cured together as by welding to hold the band 
portion assembled about the body portion 6. 
A resistor wire coil 22 is disposed around body 
portion 6 and is connected as by welding at its 
opposite ends to the lugs 8-20 for an electric 
interconnection therewith in the usual manner. 
The details of the core 2 are more particu 

larly illustrated in Figure 4 wherein it will be 
seen the body portion f6 comprises a ceramic 
center in the form of a cylinder upon which is 
wound the resistor wire 22 with its convolutions 
positioned in predetermined spaced relationship 
thereupon. The wire convolutions are embedded 
within and covered by a coating 24 of a silicone, 
such as a silicone rubber or elastomer, which 
completely covers the outer portions of core ?2 
and extends a short distance into the aperture 
in the center thereof. Each convolution of the 
resistance wire is maintained in spaced relation 
ship with respect with the adjacent convolutions 
and is embedded and encased within the silicone 
coating 24. The manner and method of apply 
ing coating 24 will be described more fully here 
in after. 
An important feature of the present invention 

is the improved terminal lead wire connections 
which mare electrical contact with the terminal 
lugs 8 and 20. Each of these terminal connec 
tions includes a heavier wire portion as at 26 
and 28 which is fastened to a lighter wire of 
Smaller diameter Such as the wires 30 and 32. 
The wires 26-30 and 28-32 are preferably con 
nected by butt Welding. To facilitate attachment 
of the terminal leads to the terminal lugs 8-20, 
the heavier wires 26-28 are formed with offset 
portions 34 and 36, respectively, which have a 
length. Slightly greater than the width of ter 
minal lugs 8-29. The offset portions 34-36 
are connected to the terminal lugs f8-20 respec 
tively in any suitable manner such as by weld 
ing or soldering. When the leads are attached 
in the nanner described the Wires 30-32 are dis 
posed toward the central axis of core 2 and ex 
tend substantially parallel therewith. Heavier 
wires 26 and 28 extend through the Outer cover 
ing of the finished resistor which will be de 
Scribed more fully hereinafter. 
As was stated above, the coating 24 is prefer 
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{) filler, and a thinner. 

4. 
ably made of silicone rubber. Silicones are a 
class of organo silicon oxide polymers which pos 
sess insulating properties and which can be 
cured by the action of heat. In fabricating the 
silicone coating 25, a suitable silicone is mixed 
with a thinning agent, such as carbon tetrachlo 
ride, and the resulting mixture is stirred or 
beaten to form a suspension having a Suitable 
viscosity. Coating 24 is preferably applied by 
immersing the fabricated core 2 in a body of 
the silicone suspension, the lead wires 30-32 be 
ing cleaned by wiping after the innersion. After 
application of the coating of Silicone, the layer 
so formed is dried. The coating 24 may, if de 
sired, and preferably is built up by a plurality of 
sequentially dipping and heat curing operations 
whereby to build up and develop a coating 24 
of the desired thickness. 
While in the particular embodii;nent disclosed 

the coating 24 has been described by being built 
up by a plurality of dipping operations, it will 
be understood that the coating may be applied 
by various means such as pouring, spraying, or 
Other Wise. 
The finished core 2 is assembled within the 

ceramic shell 4. As is best seen in Figure 3, 
Shell : 4 is cylindrical in form and has an inner 
diarieter which is slightly greater than the great 
e3t diameter of core f2 whereby core 2 fits 
Snugly therein. Referring to Figure 4 it is seen 
that shell 4 is slightly longer than body portion 
26 so that Substantially all of core 2 is disposed 
Within shell 4 with the exception of the ter 
minal leads. 
Means is provided for holding core 2 in posi 

tion. Within shell 4 in the form of a body of sili 
cone cement 38, a quantity of which is disposed 
in both ends of shell 4. The silicone cement 38 
Comprises generally silicone resins, a non-metallic 

Preferably two silicone 
resins are used, one of the resins being more 
plastic than the other, the least plastic resin be 
ing preferably brittle. An example of a suitable 
non-netallic filler material is silica. It is de 
Sirable to utilize two sizes of filler material, one 
of the sizes of filler material being smaller than 
the other. The use of two sizes of non-metallic 
filler material gives improved workability of the 
mixture and better suspension properties of the 
particles. Enough thinner is added to produce a 
mixture having a consistency such that the sili 
cone cement can be troweled during application. 

After the silicone cement 38 has been packed 
into both ends of shell 4, a plurality of silicone 
coatings are applied to the article to obtain in 
creased resistance to water and humidity pene 
tration. The first coat 40 is an elastomeric sili 
cone coat similar to coating 24. This coat may 
be applied by Sequential immersion, pouring, or 
Spraying as described above with respect to coat 
ing 24. 
An outer Silicone coating 42 is next applied to 

form an outside protective layer. Coating 42 
comprises Silicones and a quantity of non-me 
tallic filler material. The silicones utilized in 
coating 42 preferably include a silicone elastomer 
and a silicone having less plasticity, the least 
plastic silicone being preferably brittle. Two dif 
ferent sizes of non-metallic filler material are 
used to give improved workability and better 
Suspension of the particles in the material. A 
Suitable filler material is silica. A thinner Such 
as carbon tetrachloride is added to the mixture 
of silicones and filler materials to form a St.So 
pension into which the resistor can be immersed. 
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The coating 42 may be formed as a single layer 
or by a series of successive dipping and drying 
operations. Coating 42 is highly abrasion re 
sistant whereby to give added protection for coat 
ing 40. 
After the application of the coatings 24, 40, and 

42, the lead wires are cleaned and the resistor 
placed within a heating device such as an elec 
tric oven and subjected to sufficient heat to effect 
a curing of the silicone coatings applied. The 
curing temperature may vary depending upon the 
length of time of the heat application, the tem 
perature and length of time utilized being such 
as to give a relatively hard outer coating 42 while 
leaving the coatings 24 and 40 relatively soft and 
elastic. Coating 40 is preferably cured to a 
greater degree than coating 24 and this results 
from the curing method employed since the tem 
perature to which the coating 24 is subjected is 
less than that to which coating 40 is subjected. 
It is desirable to slightly undercure coating 24 
since this coating is heated during use due to the 
heat evolved by the resistive wire coil 22 when 
electrical current passes therethrough. By under 
curing coating 24 a longer useful life of this coat 
ing is obtained. 
Although a single heat curing operation has 

been described as the preferred procedure, a plu 
rality of heat curing operations could be utilized, 
that is, a separate heat curing operation could be 
applied to each coating. It has been found, how 
ever, that the described procedure gives a superior 
resistor and provides an economical proceSS. 

Referring to Figure 4 it will be seen that the 
resistor is provided with several layers of mate 
rials to protect the resistive Wire coil 22 from the 
atmosphere and more specifically moisture 
Whereby to prolong the life of the resistor. The 
coatings 24, 40, and 42 are each water-repellent 
in character and, in addition, the shell 4 and the 
coatings 40 and 42 provide mechanical protection 
for the coil 22. 
The heavier portions 26-28 of the terminal 

leads extend through the silicone cement 38 and 
the silicone coatings 40 and 42. To retain the 
waterproof characteristics of the resistor, the 
material from which wire 26 is fabricated is 
chosen to have substantially the same coefficient 
of thermal expansion as the silicone cement 38 
and coating 42. Similarly, silicone cement 38 
and coating 42 are so compounded as to have sub 
stantially the same coefficient of thermal expan 
sion. By making all of these materials, includ 
ing wire 26, from materials having substantially 
the same coefficient of thermal expansion, there 
is no tendency to crack cement 38 or the outer 
resistor coating 42 when the resistor is heated as 
would be the case if these materials had different 
coefficients of thernal expansion. 
The reason for making the terminal lead wires 

fron). Wires having different diameters Will be now 
more apparent. When using the resistor, sub 
stantially all of the bending of the lead wires will 
occur in the sections 39-32 of Smaller diameter 
and substantially no bending will occur in the 
heavier wires 26-28. This feature also helps 
protect the Watertight seal since, if the wires 
26-28 were bent instead of the lighter wires 
3-32, there Would be a tendency to crack either 
the outer coating 42, the silicone cement 38, or 
both. With the present construction, there is no 
tendency to crack these water protective coatings 
since substantially all of the bending of the ter 
minal leads occursin wires 30-32. 
A resistor made in accordance with the above 
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process and constructed as shown in Figures 1-5 
is particularly adapted for high temperature in 
stallations Since the resistive Wire coil 22 is Well 
protected. The resistor is highly resistive to 
therma Shock and therefore can be used in those 
installations in which rapid and great changes 
of temperature are encountered. The multi 
plicity of Water repellent coatings surrounding 
the coil 22 aid in reducing damage due to thermai 
shock by virtue of their insulating properties and 
in addition render the resistor highly Water re 
pellent whereby to make the resistor useful in 
installations wherein conditions of high humidity 
or even exposure to water are encountered. 
By providing the outer Shell 4 and its asso 

ciated coatings, the wire coil 22 is protected from 
physical blows as well as thermal shock. The 
in proved terminal lead wire Structure contrib 
utes to maintaining the Watertight and water 
repellent characteristics of the resistor since 
there is little or no tendency to bend that por 
tion of the lead Wire which passes through the 
coatings surrounding the resistor. The two com 
ponent structures of the lead wires makes it 
possible to utilize a material having substan 
tially the same coefficient of thermal expansion 
as the aSSociated silicone materials for that por 
tion of the lead wires which pass through the 
protective silicone layers whereby to further 
aid in maintaining the Water repellent charac 
teristics of the resistor. As was explained above, 
this feature eliminates failures from water and 
humidity penetration due to cracking of the 
Outer Silicone layers When the resistor is heated. 

Referring now to Figures 6-8 there is shown a 
Second embodiment of the invention. This for in 
of resistor, generally designated by the numeral 
44, includes a core similar to core 2 which com 
prises a ceramic body portion 46, terminal lugs 
48, a resistive Wire coil 30, and a terminal lead 
wire having a heavier wire section 52 and a 
lighter wire section 54. These parts are assem 
bled and constructed in the same manner as the 
corresponding parts of the resistor shown in Fig 
ures 1-5. 
This core is coated with a silicone composition 

designated by the numeral 5 S. Coating 56 con 
tains the same materials as the silicone cement 
38 described above, viz., two silicones and two 
sizes of non-metallic mineral filler. An addi 
tional quantity of thinner is added to the silicone 
Cement, as compared with the quantity used to 
make cement 38 whereby to make it more fluid 
and therefore suitable for application by im 
mersion. 
The Core is disposed within an outer shell 58 

which is identical with the shell 4 described 
above and the core is held in position within 
shell 58 by means of a quantity of silicone cement 
60 which is packed in both ends of shell 58. The 
composition and consistency of cement 60 are 
identical with those of the silicone cement 38 
described above. The assembled resistor is heat 
ed whereby to heat cure the coating 56 and the 
Silicone cement 60 in the manner described 
above. 
The resistor of Figures 6-8 possesses substan 

tially all of the desirable characteristics of the 
resistor of Figures 1-5. The ceramic shell 58 
and the silicone cement 60 in co-operation with 
the coating 56 provide protection from thermal 
shock, mechanical blows, and humidity. The 
Watertight integrity of the resistor is maintained 
by forming lead wire 52, coating 56, and silicone 
cement 60 from materials having substantially 
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the same coefficient of thermal expansion where 
by, to eliminate cracks, between these materials 
when the resistor is heated. The improved termi 
nal lead structure co-operates to retain the 
water-repellent characteristics of the resistor by 
substantially eliminating bending of the heavier 
wire 52 thereby to prevent cracking of the sili 
cone cement 60. 

It is obvious that various changes and modi 
fications may be made in the specific structures 
and method steps set forth herein and described 
without departing from the spirit of the inven 
tion. The invention is accordingly not to be 
limited except as indicated in the following 
claims. 
The invention is hereby claimed as follows: 
1. An electrical unit comprising a body portion, 

a circuit impedance, element carried by said body 
portion, a coating of insulating material overly 
ing, said circuit element to provide insulation 
therefor, sealing means for the end of said body 
portion, and lead in eans including a relatively 
heavy wire, portion connected to said circuit ele 
ment and projecting through said sealing means 
and in sealed contact therewith, said sealing 
means and said relatively. heavy, wire portion. 
having substantially equal coefficients of thermal 
expansion to resist cracking or breaking of the 
seal therebetween, said lead means also inciding 
a relatively light wire portion connected to the 
projecting end of said relatively heavy Wire poi 
tion to assume. Substantially all 38:) diing sil'esses 
with resuitant elimination of tendency toward 
cracking or breaking the Seal. 

2. An electrical init as claii)ed in claim 1, 
wherein there is provided an outer shei Osiec 18 
assembled circuit, element and body polio an:l 
sealed thereto by said Sealing neains. 

3. An electricai unit, as claimed in claim 2, 
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8. 
wherein the outer shell is provided with a coating extending over the sealing means, and having 
Substantially the same coefficient of thermal ext pansion as said relatively heavy wireportion and 
said sealing means. 

4. An electrical unit as claimed in claim 3, 
wherein the sealing means and the coating for the 
outer shell consist of a mixture of silicone ma 
terials of greater and lesser plasticity. 

5. An electrical unit as claimed in claim 4, 
wherein the silicone material of lesser plasticity 
approaches brittleness. 

6. The method of making an electrical unit 
comprising mounting a circuit impedance ele 
ment upon a body portion, applying a coating. 
containing silicone over said circuit element, in 
serting said element carrying body portion within 
a rigid shell, sealing said body portion within said 
shell with a cement containing silicone, the 
after applying a silicone containing coating over 
said sealing shell, and differentially heat-curing 
both coatings by completely curing the coating 
on the sealing shell and uncuring the coating over 
the circuit element and body portion. 

LOUIS. H. BERKELHAMER. 
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