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My invention relates in general to resistor units
and more particularly to resistor units which
have terminal conductors mechanically and elec-
trically connected thereto, and the method of
making the same.

An object of my invention is the provision of
protecting a resistance element by mounting the
element in an insulating tube and then fastening
the resistance element in the tube.
~ Another object of my invention is the provision
of mounting a resistance element in an insulating
tube and of electrically and mechanically con-
necting the terminal conductors to the end sur-
faces of the resistance element and of mechani-
cally connecting the terminal conductors and the
resistance element in the insulating tube.

Another object of my invention is the provision
of mounting a resistance element in a hollow in-
" sulating tube and of sealing the end of the tube
with water-repellant material. -

Another object of my invention is the provision
of surrounding the resistance element with a
suitable water-repellant material to prevent the
moisture from affecting the electrical character-
istics of the resistance element.

Another object of my invention is the provi-
sion of mechanically strengthening the connec-
tion between the terminal conductors and the end
surfaces of the resistance element.

Another object of my invention is the provision
of a resistor unit having an excellent connection
between the terminal conductors and the resist-
ance element with a substantially constant and
fixed minimum resistance. :

Another object of my invention is the provision
of an improved electrical and mechanical con-
nection between the terminal conductors and the
ends of the resistance element.

Other objects and a fuller understanding of
my invention may be had by referring to the fol-
lowing description and claims, taken in conjunc-
tion with the accompanying drawing, in which:

Figure 1 illustrates a resistor unit made in ac-
cordance with the provision of my invention, a
portion of the resistor unit being cut away at
one end to show its internal construction;

Figure 2 shows an end view of a resistance ele-
ment of my resistor unit; )
~ Pigure 3 shows a side elevational view of the
resistor unit in Figure 2; '

Pigure 4 shows a side elevational view of a hol-
low insulating tube into which the resistance ele-
ment may be mounted;

Pigure 5 18 an end view of the hollow insulating
tube shown in Figure 4; .
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Figure 6 is a side view of a terminal conductor
adapted to be connected to the end surface of
the resistance element;

Figure 7 is a view of a terminal conductor hav-
ing cement material upon the abutting end there-
of, preparatory to insertion in the hollow insula-
tion tube;

Figure 8 is a cross-sectional view of my resistor
unit as it appears during the final stages of the
prdcess of construction thereof;

Figure 9 is a cross-sectional view of a modified
form of my resistor unit as it appears during the
process of manufacture thereof;

Figure 10. is a view similar to Figure 8 and
shows my modified resistor unit as it appears
during a next subsequent operation of its manu-
facture; . .

Pigure 11 is a cross-sectional view similar to
Pigures 9 and 10 and shows the construction of
my resistor unit as it appears when finally con-
structed; and

Figure 12is a cross-sectional view taken along
the line 12—I12 of Figure 11.

With reference to FPigure 1 of the drawing, my
resistor unit is indicated generally by the refer-
ence character 20 and comprises a resistance ele-
ment 21, mounted in an insulating tube 22 with
terminal conductors 23 connected to the opposite
end surfaces of the resistance element 21 by suit-
able cement material indicated by the reference
character 25. As illustrated, the abutting ends of
the terminal conductors 23 may be provided with
an enlarged head 24 such as, for example, by de-
forming the end of the terminal conductor. The
views in the drawing are an enlargement of the
resistor units from which the illustrations were
made and the terminal conductors 23 appear
somewhat large in diameter but in actual practice
the terminal conductors are smaller in diameter
and are readily bendable to facilitate easy con-
nection to electrical circuits.

The insulating tube 22 may be made of any
suitable insulating material and constructed with
sufficient wall thickness and strength to keep it
from crushing when being handled and installed.
In actual practice, I preferably construct the in-
sulating tube of ceramic material having a low

- porosity. As an alternative, the insulating tube

22 may be constructed of glass or & phenol con-.
densation product such for example as Bakelite.

The resistance element 21 may be of any de-
sired shape and size and may comprise any suit-
able material having the desirable characteristics.
In one form of my invention, the resistance ele-
ment may comprise & small rod of porcelain or-
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glass having a film of conducting material like
graphite, colloidal graphite, or amorphous car-
bon deposited thereon. In another form, the
resistance element 21 may comprise any suitable
conducting material mixed with a fine insulating
filler like silica and a cementing bond to form a
" homogenous structure. The resistance values of
the resistance element may vary in the order of
one-tenth ohm to a thousand mehohms, carrying
relatively small currents of one thousand milli-
amperes or less. I will describe my invention by
utilizing the resistance element 21 comprising a
_homogenous structure molded into rods as illus-
trated in the drawing. It is understood that
other shapes may be formed and that the resist-
ance element 21 may comprise a film of conduct-
ing material like graphite, colloidal graphite, or
amorphous carbon deposited on a small rod of
porcelain or glass, as set forth above.
The first step in constructing the preferred
form of my resistor unit is to mold a resistance
rod or element 21 for conducting material, as
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amorphous carbon mixed with a fine insulating

filler like silica and a cementing bond into a
homogenous structure. The cementing bond may
be Bakelite or any other suitable phenol con-
densation produce. In the initial stages this
resistance element 2{ is in a green state, mean-
ing that the Bakelite or phenol condensation
‘produce bond of the resistance element has not
set, or in other words has not been polymerized.
The final step in making the resistance element
21 is to heat it to polymerization and set the
bond. )

The next step of my invention is to insert the
resistance element 2t in the hollow insulating
tube 22 and to electrically and mechanically con-
nect the terminal conductors 23 to the end sur-
faces of the resistance element 21 and to me-

. chanically connect the terminal conductors and
the resistance element in the insulating tube 22.
As illustrated, the terminal conductors are bent
at one end to form an abutting head 24. The
plane of the head 24 is disposed laterally of the
general longitudinal length of the terminal con-
ductors and is arrariged to abut against the lat-
eral end surfaces of the resistance element 21.
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The mechanical and electrical connections may be _

accomplished by utilizing a paste or cement con-
sisting of substantially 50% graphite, 50% Bake-
lite resin or phenol condensation product, and
enough aleohol to make the cement paste-like.
In making the electrical and mechanical connec-
tions, the cement or paste may be applied in the
ends of the insulating tube 22 in one of three
alternative manners. The preferred way is to
dip the head 24 of the terminal conductors into
the paste, collecting a certain amount thereon as
indicated in Figure 7, and then inserting same
into the opposite ends of the hollow insulating
tube 22 such as shown in Figure 8 with the abut-
ting heads 24 pressing against the end surfaces
of the resistance element 21. 1In this manner, the
paste or cement fills the ends of the insulating
tube 22.
paste would be to first insert the heads of the
terminal conductors in the opposite ends of the
hollow insulating tube 22 against the end surfaces
of the resistance element 21, after which the paste
may be inserted therein by any suitable means.
Another method would be to fill the ends of the
“insulating tube 22 with the cement or paste and
then push the terminal conductors in through the
paste or cement until the head 24 engages the

Ancther way of applying the cement or °
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end surfaces of the resistance element, The ce- 75
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ment 2§, after it is applied in the ends of the insu-
lating tube 22, is set or fixed by heating the en-
tire combination as shown in Pigure 8 to a tem-
perature in the neighborhood of 150 to 170 de-
grees centigrade for approximately one-half an
hour. The cement or paste has a greater con-

_ductivity than that of the resistance element 23

and makes a good electrical contact between the
terminal conductors and the end surfaces of the
resistance element with a substantially constant
and fixed minimum resistance. The cement or

‘paste permeates the pores upon the ends of the

registance element and produces a good mechan-
ical connection between the terminal conductors -
and the end surfaces of the resistance element.
The paste also permeates the pores of the insu-
lating tubes 22 and forms a good mechanical
anchorage for the terminal conductors and the
resistance unit 21 in the tube 22. Therefore, the
applied cement with the abutting heads 24 of
the terminal conductors 23 embedded therein
provides, when once set and hardened, for me-

‘chanically and electrically connecting the termi-

nal conductors 23 to the end surfaces of the re-
sistance element 21 and for mechanically con-
necting the terminal conductors and the resist-
ance element in the insulating tube 22. 'This
means that after the cement 28 is set the terminal
conductors 23 may  withstand a considerable
amount of pull without disturbing the mechani-
cal and electrical connections. ’

As shown in Figures 1 and 8, the resistance
element 21 is slightly smaller in diameter than
the internal diameter of the insulating tube 22
which leaves a circumferential air space about the
resistance element within the insulating tube 22.
The next operation in the manufacture of my
resistor unit is to fill the circumferential space
with a suitable water-repellant material indicated
by the reference 26 which may be of any one of
three types: namely, a solid, a semi-solid, or a
liquid of low viscosity. Suitable solid materials
may comprise, although not limited thereto, par-
affine hydro-carbons of high molecular weight,
or synthetic resin such as chlorinated diphenyls
or para-coumarineindene. Suitable semi-solid
materials may comprise, although not limited
thereto, plastic pitches, ' Sutiable liquids may
comprise, although not limited thereto, an hy-
drous butyl stearate or chlorinated diphen-
nyls of low chlorine content. The water-
repellant material keeps the moisture of the at-
mosphere from affecting the electrical character-
istic of the resistance elements. When a solid or
semi-solid material is used, it is heated to form
a lquid of low viscosity. In order to fill the cir-
cumferential air space aroynd the resistance ele-
ment 21 in the hollow insulating tube 22, the as-
sembly as shown in Figure 8 is immersed in a
water-repellant material under vacuum to evac-
uate the air from the assembly. When a solid
or semi-solid water-repellant material is em-
ployed the material may be heated up to 120 de-
grees to 150 degrees centigrade and the units as
shown in Figure 8 .may remain immersed for a
period of from 15 to 20 minutes. The vacuum is
subsequently broken with the resistance units
still submerged, and with the re-establishment
of atmospheric pressure, the water-repellant ma-
terial flows through the pores in the cement 28
until 1t compietely fills the void spaces including
not only the circumferential space around the re-
sistance element inside of the insulating tube but
also the pores of the cement 25. After the re-
sistance clements are removed from the water-
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repellant material, the water-repellant material
contained in the void spaces solidifies, producing
the resistor shown in Pigure 1 of the drawing.
In this type of construction, the cement con-
nection which holds the heads 24 to the end sur-
faces of the resistance element 21, is materially
strengthened mechanically by reason of the fact
that 'the cement is also anchored to the inside of
the insulating tube. )
In Figures 9, 10, 11, and 12 I show a modified
arrangement of my invention in that the insu-
lating tube, which is identified in these views
by the reference character 30, is made longer
than the insulating tube shown in the previous
" views of the drawing. The method as shown in
PFigure 9 of mounting the resistance unit 21 in the
elongated tube 30 and of mechanically and elec-
trically connecting the terminal conductors 23
to the end surfaces of the resistance element 21
and of mechanically connecting the terminal
conductors and the resistance element 21 to the
inside of the insulating tube 38 by the ‘applying
_ of cement in the innermost part of the open ends
of the insulating tube 30 is the same as that de-
scribed with reference to the previous views of
the drawing. After the invention is constructed
as shown in Figure 9 the outermost part of the
spaces in the ends of the insulating tube 30 are
filled with a suitable hardening water-repellant
material 31 to seal the ends of the tube from
moisture. . The sealing material 31 may comprise
a ceramic water-repellant material or a resin wa-
ter-repellant material. The ceramic sealing ma-
terial 31 may be set or hardened by baking the
assembly to approximately 100 degree centigrade
for thirty or forty-five minutes, or it may be set
or hardened by air drying without heat. The
resin sealing material may be applied by melting
same with a flame and allowing a portion to drop
in the open end spaces of the insulating tube,
which readily solidifles upon cooling. After the
sealing material 3( 18 applied as shown in Pigure
10, the unit is immersed in the heated or liquid
water-repellant material under vacuum as pre-
viously described which fills the vold spaces be-
tween the resistance 2§ and the insulating tube
30 as well as the pores of the cement material 28
and the sealing material 31, producing the re-
sistor as shown in Figure 11. When using the
resin sealing material it is preferable to immerse

the assembly as shown in Figure 10 and fill the

vold spaces with the water-repellant material 26
prior to sealing the ends of the tube, as the resin
sealing material does not allow the water-repel-
lant material 26 to go therethrough as readily
- a8 the ceramic sealing material.
- Athough T have described my invention with
.a certain degree of particularity, it is understood
that the present disclosure has been made only
by way of example-and that nymerous changes in
the details of construction and the combination
and arrangement of parts may be resorted to

without departing from the spirit and the scope

of the invention as hereinafter claimed.
I claim as my invention:

1, The method of constructing a resistor. unit
which comprises the steps of molding in a green
state a heat setting phenol ¢ondensation product
having finely distributed electrical conducting
particles into a resistance element having end
surfaces, heating the molded resistance element
~ to set and harden same, providing an insulating
tube of greater length than the resistance ele-
ment to receive the latter with space in both
ends thereof and with a small clearance space
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between the resistance element and the insulat-
ing tube, providing for each end surface of the
resistance element a terminal conductor with an
abutting end smaller than the opening in the
insulating tube, providing a heat setting cement
of a phenol condensation product having finely
distributed electrical conducting particles and
having a greater electrical conductivity than the
resistance element, applying the cement in the
space in both ends of the insulating tube to each
said end surface of the resistance element and
embedding the abutting end of each of said ter-
minal conductors in the applied cement to elec-
trically connect the terminal conductors to the
end surfaces of the resistance element, heating
the insulating tube, the resistance element and
the applied cement with the abutting ends of
the terminal conductors embedded therein to
set and harden the cement to electrically and

“mechanically connect the terminal conductors .

to the end surfaces of the resistance element and
to mechanically connect the terminal conduc-
tors and the resistance element in the insulating
tube, immersing the combined resistor unit in
melted water-repellant material under vacuum
to create voids in the unit by evacuating through
the pores of the unit the air from the small
clearance space between the resistance element
and the insulating tube as well as from the pores
themselves, releasing the vacuum to fill- the
voids with the melted water-repellant material,
and removing the resistor unit from the melted
water-repellant material and allowing the ma-
terial in the resistor unit to solidify.

3. The method of constructing a resistor unit
which comprises the steps of making a resistance
element having end surfaces, providing an insu-
1ating tube of greater length than the resistance
element to receive the latter with space in both
ends thereof and with a small clearance space
between the resistance element and the insulat-

‘ing tube, providing for each said end surface of

the resistance element a terminal conductor
with an abutting end smaller than the opening
in the insulating tube. providing a heat setting
cement having finely distributed electrical con-
ducting particles and having a greater electrical
conductivity than the resistance element, apply-
ing the cement in the space in both ends of the
insulating tube to each said end surface of the

- registance element-and embedding the abutting
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end of each of said terminal conductors in the
applied cement to electrically connect the ter-
minal conductors to the end surfaces of the re-
sistance ‘element, heating the insulating tube,
the resistance element and the applied cement
with the abutting ends of the terminal conduc-
tors embedded therein to-set and harden the.
cement to electrically and mechanically connect
the terminal conductors to the end surfaces of
the resistance element and to mechanically con-

_nect the terminal conductors and the resistance.

element in the insulating tube, immersing the
combined resistor unit in melted water-repellant
material under vacuum to create voids in the
unit by evacuating through the pores of the

_unit the air from the small clearance space be-

tween the resistance element a\nd the insulat-
ing tube as well as from the pores themselves,
releasing the vacuum to fill the voids with the
melted water-repellant material, and removing
the resistor unit from the melted water-repel-
1ant material and allowing the material in the
resistor unit to solidify.
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which comprises the steps of making a resistance
element having end surfaces, providing an insu-
lating tube of greater length than the resistsnce
element to receive the latter with space in .both
ends thereof and with a small clearance.space
between the resistance element and the insulat-
ing tube, providing for each said end surface of

the resistance element a bendable terminal .con-.

ductor with a deformed abutting end smaller
than the opening in the insulating tube, provid-
ing a heat setting cement having finely distrib-
uted electrical conducting particles and having
a. greater electrical conductivity than the re-
sistance element, applylng the cement in the
space in both ends of the insulating tube to each
said end surface of the resistance element and
embedding the abutting end of each of said ter-
minal conductors in the applied cement to elec-
trically connect the terminal conductors to the
end surfaces of the resistance element, heating
the insulating tube, the resistance element and
. the applied cement with the abutting ends of the
terminal conductors embedded therein to set
and harden the cement to electrically and me-
chanically connect the terminal conductors to
the end surfaces of the resistance element and
to- mechanically connect the terminal conduc-
tors and the resistance element in the insulating
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3. The method of constructing a resistor unit

sistance element and to mechanically connect
the terminal conductors and the resistance ele-
ment in the insulating tube, providing an insu-
lating material and applying same into the re-
maining outermost space in both ends of the
insulating tube to seal the ends of the tube, im-
mersing the combined resistor unit in melted
water-repellant material under vacuum to cre-
ate voids in the unit by evacuating through the
pores of the unit the air from the small clear-
ance space between the resistance element and
the insulating tube as well as from the pores
themselves, releasing the vacuum to fill the
voids with the melted water-repellant material,
and removing the resistor unit from the melted
water-repellant material and allowing thée ma-
terial in the resistor unit to solidify. ’

5. The method of constructing a resistor unit
which comprises the steps of molding in a green
state a heat setting phenol condensation prod-
uct having finely distributed electrical conduct-
ing particles into a resistance element having
end surfaces, heating the molded resistance ele-
ment to set and harden same, providing an in-
sulating tube of greater length than the resist-
ance element to.receive the latter with space in

. both ends thereof and with a small clearance

tube, immersing the combined resistor unit ifi 30

melted water-repellant material under vacuum
to create voids in the unit by evacuating
through the pores of the unit the air from the
small clearance space between the resistance
element and the insulating tube as well as from
the pores themselves, releasing the vacuum to
fill the voids with the melted water-repellant
material, and removing the resistor unit from
the melted water-repellant material and allow-
Ing the material in the resistor unit to solidify.

4. The method of constructing a resistor unit
which comprises the steps of making a resist-
ance element having end surfaces, providing an
insulating tube of greater length than the re-
sistance element to receive the latter with space
in both ends thereof and with a small clearance
space between the resistance element and the
insulating tube, providing for, each said end sur-
face of the resistance element 8 terminal con-
ductor with an abutting end smaller than the
opening in the insulating tube, providing a heat
setting cement having finely distributed elec-
trical conducting particles and having a greater
electrical conductivity than the resistance ele-
ment, applying the cement in the innermost
part of the space in both ends of the insulating
tube to each sald end surface of the resistance
element and ‘embedding the abutting end of
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each of said terminal conductors in the applied

cement to electrically connect the terminal con-
ductors to the end surfaces of the resistance ele-
ment, heating the insulating tube, the resist-

ance-element and the applied cement with the

abutting ends of the terminal conductors em-
bedded therein to set. and harden the cement to
electrically and mechanically connect the ter-
minal conductors to the end surfaces of the re-
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space between the resistance element and the
insulating tube, providing for each said end sur-
face of the resistance element a terminal con-
ductor with an abutting end smaller than the
opening in the insulating tube, providing a heat
setting cement of a phenol condensation product
having finely distributed electrical conducting

-particles and having a greater electrical condue-
‘tivity than the resistance element, applying the

cement in the innermost ‘part of the space In
‘both ends of the insulating tube to each sald

-end surface of the resistance element and em-

bedding the abutting end of each .of said ter-
minal conductors in the applied cement to elec-
trically connect the terminal conductors to the
end surfaces of the resistance element, heating
the Insulating tube, the resistance element and
the applied cement with the abutting ends of
the terminal conductors embedded therein to set
and harden the cement to electrically and me-
chanically connect the terminal conductors to
the end surfaces of the resistance: element and
to mechanically connect the terminal conduc-
tors and the resistance element in the insulating
tube, providing an insulating material and ap-
plying same into the remaining outermost space
in both ends of the insulating tube to seal the
ends of the tube, immersing the combined re-
sistor unit in melted water-repellant material
under vacuum to create voids in the unit by
evacuating through the pores of the unit the
air from the small clearance space between the
resistance element and the insulating tube as
well as from the pores themselves, releasing the
vacuum to fill the voids with the melted water-
repellant material, and removing the :resistor
unit from the melted water-repellant material
and allowing the material in the resistor unit
to solidify.
GLEN F. BENKELMAN.,




