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This invention relates to electrical resistances, 
Such as required in communication and signal 
ling Systems, radio, television, laboratory appa 
ratus, etc., and it is among the objects of the 
invention to provide construction which is par 
ticularly "noiseless' and durable, and which may 
be manufactured in quantity production to high 
precision, and of desired ratings and desired de 
grees of protection either for ordinary or special 
duty usages. Other objects and advantages will 
appear from the following description. 
To the accomplishment of the foregoing and 

related ends, the invention, then, comprises the 
features hereinafter fully described and particu 
larly pointed out in the claims, the following de 
Scription and the annexed drawing setting forth 
in detail certain illustrative embodiments of the 
invention, these being indicative, however, of but 
a few of the various ways in which the principle 
of the invention may be employed. 

In Said annexed drawing: 
Fig. 1 is a side elevational view of an embodi 

ment of the invention; 
Fig. 2 is an exploded view showing the com 

ponents of structure as a foresaid; 
Fig. 3 is an exploded view of the resistance unit 

apart from the extra protective shell; 
Figs. 3d and 36 are slightly enlarged sectional 

views near the end of insulating cores as of Fig. 3; 
Fig. 4 is a fragmentary Sectional view showing 

a detail of a construction analogous to Fig. 1; 
Fig. 5 is a fragmentary side elevational view 

showing a stage in one manner of formiing a re 
sistance element; 

Fig. 6 is a fragmentary sectional view showing 
detail construction of terminal connections; and 

Fig. 7 is a fragmentary sectional detail to show 
more clearly the relationships in construction as 
of Fig. 1. 
In general, the construction involves a core of 

insulating material 2 carrying a resistance ele 
ment R and terminals 4, the latter being in con 
tact with the resistance element and available 
for making connection in electrical circuits of 
desired character. 
As shown in FigS. 1, 2, 4 and 7, the resistance 

unit may be enclosed in a protective shell 6 pref 
erably of glass, although in some instances in 
sulating material of other composition can be ap 
plied. In construction employing glass, there are 
metal eyelets assembled in the ends of the glass 
shell and sealed thereWith by sufficient fusion of 
the glass. By employing glass and metal having 
Similar coefficient of expansion, such metal-to 
glass seals are readily made and are durable and 
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2 
tight under drastic conditions of usage. Such 
metals and glass are known in the electrical in 
dustry, and, for instance, a typical metal is an 
alloy of iron, nickel and cobalt, commercial prod 
ucts being available under the trade names of 
"Kowar,' "Fernico,' etc., and similarly suitable 
glass compositions are commercially available in 
the 700 Series of the Corning Glass Company. 
The technique of making glass-to-metal seals be 
ing well-known, it is sufficient here to state that 
the metal collars or eyelets assembled With the 
glass shells 6 of desired length are subjected to 
the localized heating at the ends requisite to fuse 
the glass and complete the Seal. With the pre 
pared shell thus as shown in the upper portion 
of Fig. 2, there is assembled the resistance unit, 
this being inserted into the shell Such that the 
wire terminals 4 project from each end. Then, 
the shell and resistance unit are secured together. 
While in some cases this may be sufficiently ac 
complished by applying plastic sealing over the 
ends, for more particular precision usages it is 
preferable to seal metallically, by soldering or 
flowing molten metal to adequately cover in the 
ends of the assembly. Where the shell is of con 
siderable size, metal disks (), Fig. 2, having cen 
tral openings if, may be threaded onto the Wire 
terminals 4 up into engagement with the metal 
collars or eyelets T, thereby enclosing the resist 
ance unit, and requiring less solder or molten 
metal to complete the end sealing. For high pre 
cision usage, the Space between the shell 6 and 
the resistance unit inside is desirably filled With 
insulating oil, such for instance as known in con 
nection with transformer and like usage. 
Where the resistor is to undergo usage involving 
generation of considerable heat, it is further de 
sirable to provide some expansion Space along 
with the oil, illustrated in Fig. 1 by the air space 
or bubble 3. It is understood, of course, that 
where an oil filling is employed, the oil is intro 
duced after One end has been Soldier-Sealed, and 
before the final closing of the other end. Ad 
vantageously, in the introducing of such oil fill 
ing, a vacuum apparatus is used, and the oil may 
in connection therewith he readily fiowed in when 
the vacuum in the particular unit is broken. The 
advantage of Such an oil filling is that it makes 
possible a more efficient heat dissipation, and if 
Some air expansion Space, as above noted, is pres 
ent, very considerable heat loads may be success 
fully carried. A filling merely of air, however, is 
adequate for usages where less drastic heat con 
ditions are to be encountered. The end disks 
may be applied irrespective of What the detail 
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construction of the resistor R is, whether wire 
Wound as shown in Fig. 4, or carbon coated as 
more particularly shown in Fig. 3. It is under 
stood that end disks 0 are required only in larger 
sizes of resistances, and for the smaller range of 
sizes they are dispensed with, and the metal col 
lar or eyelet of the glass shell and the end cap 
of the resistor, are directly soldered together, as 
shown in Fig. 7, by the solder s. 
While the construction including the protects 

ing shell 6 is advisable for heavy duty usages, the 
resistor may be employed in other cases as 
merely covered by a plastic covering or coating 
Sufficient to exclude ordinary moisture condis 
tions and associated requirements. 

Conveniently, the resistor, whether for appli 
cation with or without the shell. 6, may involve 
a core of insulating material, plastic, porcelain or 
ceramic, with an applied coating of carbon. This 
may be put on in the form of a liquid coating coin 
position of carbon or graphite with a minimal 
amount of synthetic resin binder, and a volatile 
solvent thinner, but a preferred form of coating 
is obtained by pyrolysis or thermal decomposition 
of hydrocarbon gases or vapors, with deposit of 
carbon on a ceramic core. Carbonaceous gases 
such as natural gas, methane, ethylene, acety 
lene, and higher hydrocarbons, saturated and 
unsaturated, are thermolytically decomposed at 
temperatures above 1200° and up to about 2100° 
F., depending upon the particular hydrocarbon. 
By subjecting the desired ceramic cores to an 
atmosphere of hydrocarbon gas at such elevat 
ed temperature in a suitable furnace guarding 
against oxidizing conditions, a dense firm coat 
of graphitized carbon may be deposited upon 
the ceramic surface. Such a carbon coated core 
may then be provided with terminals connect 
ing each end of the carbon coating, and giving 
a resistor, which can be rated by the dimensions, 
Such a coated core, furthermore, instead of be 
ing applied as such, may also be used as a start 
ing point for preparation of resistances of var 
ious desired ratings. For this, the coated core, 
by Suitable mechanism on the Order of lathe 
equipment, may be machined or ground to a 
thread cut form, as illustrated in Fig. 5. Ain 
advantage of this form of construction over all 
is that from a given coated core a wide range 
of desired resistance ratings can be made up, 
according to the pitch of the thread cut. Coarse 
pitch cutting yields lower ranges of ratings, and 
finer pitch cutting yields. the higher desired rat 

gS. 
A securing of the wire terminals 4 is advan 

tageously based on the provision of end open 
ings in the insulating material body or core, 
and for convenience of manufacture, there may 
be a bore through the length of the core. In 
either case, whether merely end openings or 
bore throughout, the end openings are of such 
relation with respect to the terminals 4 that 
the latter are force-fitted or frictionally held 
in the openings. While the openings may be of 
the same cross section shape, e. g. circular, and 
of slightly Smaller diameter, and a good force 
fit may be secured for the terminals, generally 
it is preferable to provide either the opening or 
the terminal with a different or deformed cross 
sectional area, whereby, on forcing of the ter 
minal into the opening, there is scoring and a 
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particularly tight Zone of contact between the 
terminal and core. For example, the opening 
5, Fig. 3d, in the end of the core may be in a 
form presenting protuberances at the ent 

4. 
trance or even ribs extending back through the 
bore. Or along analogous lines, the opening, as 
5, Fig. 3b, may have grooves 6'. Irrespec 

tive of the detail form of the openings, the ter 
minals 4 are forced into their final position in 
the end openings of the core, and the grip is 
Such that they are able to withstand the exi 
gencies of stresses in application and usage of 
the resistors. While not necessary in all cases, 
it is advantageous to provide an upset shoulder 

on the terminal 4, whereby to simplify uni 
formity of depth of insertion. To complete con 
tact with the resistance element, in the case of 
Wire Wiadings, the wire may simply have a few 
alchoring turns inside of the shoulder, Fig. 4, 
before the terminal is driven completely into 
its final position. Otherwise, a convenient con 
tacting of terminal with resistor element may 
be provided by metal caps 9, Figs. 2 and 3, and 
these may be positioned on the ends of the core 
and gontacting the resistance element, and be 
slightly compressed into tight engagement about 
the ends of the structure. Thus, the resistor as 
shown in the lower portion in Fig. 2 provides 
a completely satisfactory form for many usages. 
A particularly convenient and adaptable cons 
tacting between the terminals and the resist 
ance elements may be had by applying, how 
ever, on the ends of the core carrying the re 
sistance element a coating 2) of metal, Fig. 6, 
desirably silver, this extending back over the 
ends sufficiently to amply contact the resist 
ance element 2 on the periphery of the core 
2. The terminal 4 then may be forced into 
position in the end opening of the core, the 
terminal thus contacting the metal coat which 
in turn contacts the resistance element; or in 
Some cases the metal end cap 9, Fig. 3, may be 
applied with or without such preliminary metal 
end coat, the cap being then compressed onto 
the end of the core. The metal or silver coating 
On the core ends may be applied in any conven 
ient way, as by electrodeposition, high tempera 
ture Spray deposit, or painting on of the metal 
in liquid coating composition form. Silver lic 
luid coating conpositions are commercially avail 
able and are well-known for other established 
usages, these being in general made up of finely 
divided silver with a minimum amount of a resin 
binder, and a volatile solvent thinner. In any 
case, a Sufficient metal coat is applied at the core 
ends to provide contact between the terminals 
and the resistance element on the core. 
As the terminals are connected to the resist 

ance element by being pressed into place, usually 
with Some deformation, the connection is tight 
So as not to Subsequently loosen and occasion 
trouble in usage conditions, and withal, the con 
struction provides a unit having adaptability to a 
Wide range of operating conditions, whether ex 
tremely drastic, or average, or mild. 
Other modes of applying the principle of the 

invention may be employed, change being made 
as regards the detail described, provided the fea 
tures Stated in any of the following claims, or the 
equivalent of such, be employed. - 

I therefore particularly point out, and dis 
tinctly claim as my invention: - 

1. In constructicn of the character described, 
a tubular glass shell, a metal collar sealed in 
each end of said shell, a core of insulating ma 
terial in Said shell carrying a resistance element, 
metal end disks Secured to said metal collars and 
closing the shell ends, and terminals connected 
to said resistance element and extending through 
Said end disks and externally of said glass shell. 



2,635,162 
5 

2. In construction of the character described, 
a core of insulating material having a resistance 
element and having end openings, metal end caps 
on said core in contact with the resistance ele 
ment, and terminals having ends extenditing 
through said end caps and held in contacting 
surface scored deformation force-fit in said open 
lingS. 

3. In construction of the character described, 
a core of ceramic insulating material having end 
openings and provided with a resistance element, 
terminals held in contacting-surface Scored 
deformation force-fit in Said end openings, and 
a metal coating completing contact between Said 
terminals and the resistance element. 

4. In construction of the character described, 
a core of frangible insulating material. With a 
resistance element, metallic coating in contact 
with said resistance element at each end, and 
terminals held in contacting-Surface Scored 
deformation force-fit in end openings in Said 
core and contacting the metallic end coatings, 
and an insulating cover Surrounding the resist 
ance element. 

5. In construction of the character described 
having a core of ceramic insulating material with 
a resistance element, coating the core ends with 
metal to also contact the ends of the resistance 
element, and axially forcing terminals in con 
tacting-Surface Scored deformation into open 
ings in the COre ends and in contact With the 
metal coat. 

6. In construction of the character described, 
a core of insulating material having end open 
ings, a resistance element carried by the core, : 
a metallic coating on each end of the core con 
tacting the resistance element, and a connection 
Secured to coating and core at the end center 
comprising a terminal held in contacting-sur 
face scored deformation force-fit in each end 
Opening. 

7. In construction of the character described, 
a core provided with a resistance of desired value 
and having end openings and being of frangible 
material, and terminals electrically connected 
with said resistance and held in drive-fit in Said 
end openings by contacting Surface Scored defor 
mation therein and closing the openings. 

8. In construction of the character described, 
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a core provided with a resistance of desired 
value and having end openings and being of 
frangible material, and terminals making pres 
sure contact electrically and held in drive-fit in 
Said end openings by contacting Surface scored 
deformation therein and closing the openings. 

9. In construction of the character described, 
a core ceramic insulating naterial having a re 
sistance element and having Serrated end open 
ings, metal end caps on said core in contact with 
the resistance element, and terminals extending 
through said end caps and held in drive-fit, in 
Said Serrated openings. 

10. In construction of the character described, 
a core of ceramic insulating material having a 
resistance element and having serrated end open 
ings, metal end caps on said core in contact with 
the resistance element, and terminals extending 
through said end caps and held in drive-fit in 
said openings, a tubular glass shell enclosing Said 
core, metal collars sealed with glass fusion in the 
ends of Said shell, said metal collars being sealed 
to said metal end caps by molten metal, and in 
sulating oil and an expansion Space in said glass 
shell. 
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