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3, 1933, Serliga No. 542,834 

3 Catana. (C. 20-75) 
This invention relates to the formation of 

resistor is particularly adapted for use it 
radio receiving and broadcasting agparatus circa 
cuits, and is 3, division of a copeiading applica 

3 tion, Seria No. 51,273, now Paten, No. 1,845,828. 
One ooject of this invention resides in the 

provision of a coinpressible resistor element in 
which the gaits or discs comprising the same 
each have 2, ovy internal resistance and a high 

0 surface contact or microphonic resistance, so 
. . that the cong of its or discS comprising 

the eleasat will have a comparatively low re 
sistance to the passage of an electrical current 
under ins:iga) in pressure in comparison to its 

5 resistance under minimum or no pressure, thus 
imparting to the element a range or variation of 
resistance under varying pressures greater than 
that heretofore obtained in compressible pil 
resistors. 

20 A further object of this invention resides in 
the provision of an improved apparatus for 
forming resistor unitS in accordance with this 
invention in an econofinical and practical man 
e - 

25 And a still further object of this invention 
resides in the provision of an improved unit 
or disc for use in compressible resistors which 
is as highly desirable in compressible pileresistors 
for use in circuits of motor controls and the 

30 like as well as radio circuits. 
With the above and other objects in view 

which will appear as the description proceeds, 
the invention resides in the novel methods, con 
struction, combination and arrangement of parts 
Substantially as hereinafter described and more 
particularly defined by the appended claims, it 
being understood that such changes in the pre 
cise embodiment of the herein disclosed inven 
tion may be made as come within the scope of 
the claims. 
In the accompanying drawing is illustrated 

one complete example of the physical embodi 
ment of the invention constructed according to 
the best mode so far devised for the practical 
application of the principles thereof, and in 
which: 

Figure 1 is a fragmentary diagrammatic illus 
tration, partly in section and partly in eleva 
tion, of a press for forming disc-shaped resistor 
units; 

Figure 2 is a view similar to figure illustrat 
ing the ejection of a formed disc or unit from 
the press; 

Figure 3 is a side view of a stack of disc 
55 shaped resistor units wrapped prior to treatment 
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in the presence of heat, part of this Wrapping 
being brokeza away; 

Figure 4 is a side vievy of a camp or compres 
sion member applicable to the wrapped stacks 
of disc-shaped resistor units to maintain the 
same under pressure during heat treatment; and 
Eigre 5 is a perspective view of an apparatus 

enployed to subject the units to the influence 
of an electric current, having the power or capac 
ity to reduce the specific or internal resistance 
of the units, a diagrarianatic view of Ore wiring 
circuit being show. 

he resistor inits or discs illustrated are 
especially adapted to be arranged in stacks or 
piles to form the resistor element of a compress 
ible resistOf the total resistance of which is 
directly proportional to this pressure imposed 
thereon. 

In compressible resistors, it is highly desira 
be that the specific or internal value of the 
InitS or discS comprising the resistor element 

be relatively low and its surface microphonic or 
Contact resistance be relatively high so that the 
electrical resistance offered by a column of the 
discs, when under pressure, is relatively low. 
A column of discs having these characteristics 
assures a greater spread or range from mini 
mum to Onaximum degree of electrical resist 
ance. This increased range is made possible by 
the hereinafter described method of treating or 
"shooting' the discs which eliminates the re 
sistance that heretofore could not be "squeezed' 
out or eliminated. 

Referring now more particularly to the ac 
companying drawing, in which like numerals 
designate like parts throughout the several 
views 5 designates the bed plate of a forming 
machine having a female die 6 mounted there 
in and cooperating with a male die or compres 
Sion plunger 7 which is novable therein to com 
press materials, later described, and form the 
disc or unit 8. Suitable mechanism, not show, 
is connected with the plunger and ejector to 
register the upper end of the ejector with the 
bottom of the die opening and love the com 
pression plunger thereinto, an ejector 9 being 
moved upwardly through the die upon retrac 
tion of the plunger to eject the disc or unit 8 
formed by the compressing of the substance, to 
be later described. The completed disc or unit 
is then removed from between the compression 
plunger and ejector by an automatic finger 10. 
The resistance unit, while illustrated in the 

form of a disc, may be molded in any desired 
shape, and is preferably formed from an or 
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2 

ingredients mixed therein. The following in 
gredients and proportions have been found 
from experience to reduce a highly efficient disc 
Or unit: 

Formula for high resistance unit 
Graphite #1 AF------ 3% - 545 grams 
Asbestos powder it 1250- 10%. 4 pounds 
Phenol condensation 
product #60-------- 87% - 34 pounds 13 O2. 

Formula for lou resistance unit 
Graphite #1 AF----------- 10%. 1816 grams 
Asbestos powder it 1250----- 10%- 
Phenol condensation prod 

uct #60----------------- 80%-- 32 pounds 

The above formulas may be altered to suit 
Various conditions, but experience has proven 
them to be very practical and efficient and the 
general process of manufacturing is briefly as 
follows: q First-Mixing dry graphite and powdered 
asbestos with the dry, powdered phenol conden 
sation product. 
Second-Wetting the mixture thoroughly 

with denatured alcohol to dissolve the phenol 
condensation product. 
Third-Grinding the wet mixture to make a 

thoroughly homogeneous mixture, also to form 
the mass into long, thin strings So it may be 
dried much more readily. 
Fourth-Removing the 

and/Or Vacuum. 
Fifth-Pulverizing and Sifting the dried prod 

luct. 
Siath-Dry-mixing the powder to make it ab 

alcohol by heat 

solutely uniform, 
Seventh-Blending mixtures containing dif 

ferent percentages of graphite in order to ob 
tain mixtures which will give required resist 
ances when molded into units. - 
The discs or units 8 resulting from the com 

pression of the composition previously described 
are arranged in stacks of alternate resistor 
discs and separators 11, preferably of carbon, 
and wrapped with a suitable covering 12 Such 
as heavy paper or the like. The stack of discs 
is then heat treated, being placed in an Owen 
maintained at approximately 400 degrees Fahr" 
renheit for a period of two hours and then al 
lowed to cool. If desired, the stack may be Se 
cured in a clamping mechanism 13 to maintain 
the same under pressure during the heat treat 
ment. 
Upon removal from the heating oven, the 

units or discs are complete and may be used in 
a resistor column, but their specific or internal 
resistance is high, and for better results and 
increased spread of variation of surface or con 
tact resistance through variations of preSSure, 
it is necessary that their internal resistance be 
materially lowered. Tests have proven that 
with the method hereinafter described, resistor 
units may have their internal or specific resis 
tance materially lowered While their contact 
or surface microphonic resistance may be re 
Stored to its original high value. 
The unit 8. therefore, is subjected to the in 

fluence of an electrical current having the 
power or capacity to change the characteris 
tics of the unit to the extent of reducing its 
specific or internal resistance by burning low 
resistance paths entirely therethrough, the con 
tact or surface microphonic resistance being re 
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ganic substance having a conductor and other stored to its desired high value as will be later 

described. It has been found that a current 
that oscillates and is of high potential, or high 
frequency, has the power to so change the 
characteristics of a resistor unit to obtain the 
desired results, although it is to be understood 
that any current having the capacity or power 
to produce the desired results may be employed, 
and in Figure 5 I have illustrated one embodi 
ment of a machine for subjecting resistor units 
to the influence of such a current. 
An endless belt 14 is preferably trained about 

a relatively large idler pulley 15 and a relatively 
Small drive pulley 16, the upper or topmost 
portions of which are substantially horizontally 
aligned to maintain the upper stretch 17 of 
the belt in a horizontal plane. The idler pulley 
15 is mounted on a shaft 18 Supported in Stand 
ards 19 and the drive pulley 16 is fixed on a 
drive Shaft 20 connected With a gear reduction 
unit 21. The drive Shaft 22 of the unit 21. 
has a pulley 23 mounted thereon which is driven 
by a belt 24, trained about it and the drive pulley 
25 of a motor 26, the relative sizes of the pulleys 
23 and 25 and the gear reduction 21 causing 
the belt 14 to advance at a relatively slow 
Speed. 
The end of the belt trained about the pulley 

15 is the receiving end, and mounted thereover 
on Suitable SupportS 27 is a tray 28 having a 
discharge opening 29 from Which extends a 
guide 30. The guide lies close to the upper 
stretch of the belt and the units 8 are moved 
thereover from the tray onto the pulley 14 by 
an operator, a belt Support 31 being mounted 
under the guide 30, as illustrated. 
As the upper stretch of the belt moves from 

the pulley 15 to the pulley 16, the units thereon 
are Subjected to the influence of a current hav 
ing the power or capacity to reduce the internal 
resistance of the unit. This is accomplished in 
the present embodiment by means of pairs of 
contact members 32 and 33 forming spark gaps 
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through which the upper stretch of the belt and , 
the units 8 thereon pass as the current jumps 
from one contact to the other of each pair. 
The contacts of each pair are supported from 

an oscillating lever 34, the uppermost contacts 
being preferably adjustable by a Screw or other 
means 35 to regulate the length of the Spark 
gap. The lever 34 is Supported from a shaft 
36 journaled at one end in a bearing 37 and 
at its other end in a bearing 38, and an actuat 
ing lever 39 is Secured at one end to the Shaft 
with its other free end 40 held in engagement 
With a rotating eccentric 41 fixed on the Shaft 
22 by a Spring 42. The shaft 22 being con 
stantly rotated as the belt is advanced, rapidly 
oscillates the lever 34 to move the contacts 
across Substantially the entire width of the belt 
to insure the passing of the units through the 
path of the current flowing across the spark 
gaps. Only one pair of contacts may be used, 
but the provision of more than one insures each. 
unit coming within the influence of the current 
flowing across the contacts. 
The circuit illustrated in connection. With the 

present adaption of the invention consists of a. 
spark coil 43 which may be of conventional con 
struction having a primary coil 44 and a second 
ary coil 45, the primary coil being connected 
with a source of energy 46 by conductors 47 and 
48, one of which includes a controlling switch 
49. 
with the uppermost of one pair of contacts by a 
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conductor 50, and the other end thereof is con 
nected with the lower contact of the pair by a 
conductor 51. A single coil or circuit may be 
employed if desired for both pairs of contacts, 
although a separate circuit for each contact is 
illustrated. 

After the units have been subjected to the in 
fluence of the current flowing across the spark 
gap and consequently through the units, they 
are discharged automatically from the belt at 
its discharge end into a container 52. 

After being treated as above described the op 
posite Surfaces of the units or discs are scorched 
Or punctured at the ends of the low resistance 
paths burned through the units during their sub 
jection to the Spark. These scorched or punc 
tured surfaces are then burnished or Smoothed 
to restore them to their original microphonic 
condition before being incorporated in a com 
pressible resistor or any other type of device 
with which the same is adapted to be used. The 
restoring of the original microphonic condition 
of the discs can be accomplished by any ordi 
nary smoothing or polishing device, but in prac 
tice it has been found preferable to merely tum 
ble the discs in a revolving drum. 
From the foregoing description, taken in con 

nection with the accompanying drawing, it will 
be readily apparent to those skilled in the art 
to which an invention of this character apper 
tains, that I provide a novel and improved re 
sistor disc or unit and method of forming the 
Same whereby the efficiency and reliability of 
the element formed of the discs or units is 
greatly increased. 

3 
What I claim as my invention is: 
1. The method of producing a resistor unit, 

which comprises forming the unit from a mix 
ture comprising a phenol condensation product 
and a conductor, subjecting the unit to the in 
fluence of an electrical current to reduce its in 
ternal resistance by puncturing the same with a 
plurality of low resistance paths extending from 
One Surface to the other, and tumbling the unit 
to restore its surface microphonic resistance. 

2. The method of producing a resistor disc for 
use in a compressible pile resistor, which com 
prises forming the disc from a mixture compris 
ing a phenol condensation product and a con 
ductor, subjecting the disc to the influence of an . 
electrical current to burn a path of low resist 
ance therethrough from One surface to the other 
to reduce the internal resistance of the disc, and 
tumbling the disc to restore the burned surface 
portions to their Original conditions and thus 
restore the surface microphonic resistance of the 
disc. 

3. The method of producing a resistor unit for 
use in compressible electrical resistors which 
comprises, forming the unit from a mixture of a 
conducting material and a material becoming 
conductive upon the application of heat thereto, 
subjecting the unit to an electric current the 
heat of which lowers the internal resistance of 
the unit, and subsequently treating the surfaces 
of the unit by tumbling to restore the scorched 
surface portions to their original conditions and 
impart a predetermined microphonic resistance 
value to the unit. 

LYNDE BRADLEY. 
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