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Patented Feb. 6, 1940 

UNITED STATES 
2,189,515 

PATENT OFFICE 
2,89,515 
RESS OR 

Albra. H. Fessler, Karl Schwartzwalder, and 
Russel W. Ehlers, Flint, Mich, assignors to 
General Motors. Corporation, Detroit, Michi, a 
corporation of Delaware 
Application August 6, 1937, Serial No. 157,668 

2 Claims. 
This invention relates to a resistance device 

and the method and apparatus for making the 
Sale. , 

There are certain installations and designs of 
apparatus in which it is necessary to obtain from 
a Substantially constant potential unidirection 
al Source of current, a fluctuating or pulsating 
Current and from this to obtain a rotating field. 
This is, true in various installations on automo 
tive vehicles where the source is a storage bat 
tery but a rotating field is desired to be gen 
erated by Some rotating part for indicating pur 
poses such as Speed, time, etc. It is of course 
possible to generate a pulsating current from a 
constant potential source in combination with 

... rotatable means. It is necessary however to have 
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Some pseudocommutating means to acomplish 
this purpose. 

It is therefore an object of our invention to 
provide a resistance commutator means. 

It is an object of our invention to provide a 
resistance device having a plurality of supply 
connections at spaced intervals whereby con 
tact at various points therealong will supply 
different potentials depending on their location. 

It is an object to provide conducting inserts in 
a resistance device to allow a more satisfactory 
transfer of electrical energy. . . 

It is an object to provide a new and novel 
method of manufacturing the unit. 

It is a further object to provide means for car 
rying out the method of manufacture. . 
With the above and other objects in view, 

which will become evident as the specification 
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proceeds, the embodiments of our invention are 
described in the following specification and claims 
and illustrated in the accompanying drawings, 
in which: 

Figure i is an elevation partly in section of the 
resistant member in place in a suitable assembly. 

Figure 2 is a perspective view of one form of 
resistance commutator element. 

Figure 3 is an enlarged view of a portion of 
the element, part being shown in section. 

Figure 4 is a perspective view of one of the 
Segments. 

Figure 5 is an enlarged perspective view, parts 
being broken away and shown in section, of the 
Spacer or holder for assembling purposes. 

Figure 6 is a vertical section through 
press used in assembly. 
The particular form of resistance commutator 

is be?t shown in Figure 2 but it is of course to 
be understood that this configuration is merely 
illustrative as any other shape might be used 
without departing from the inventive concept. 
The ring 2, shown in Figure 2, is composed of 

an outer composite resistor ring 4 into which 
are molded a series of commutator segments 6, 
certain segments having staked thereinto Suitable 

the 

(C. 201-76) 
connecting wires 8 at any desired interval. The 
resistance material 4 is formed in this instance 
Of four constituents, namely, graphite, asbestOS, 
resin and a lubricant. In this construction it 
is of course evident that the molded and baked 
resistance material is the supporting portion of 
the whole assembly and therefore it must have 
adequate mechanical strength to maintain a de 
sired configuration as well as uniform electrical 
resistance and stability of the resistance with 
temperature changes. The mechanical strength 
is provided in this instance by the fibrous as 
bestOS filler and the uniform electrical resistance 
is obtained mainly by utilizing uniform raw ma 
terials with accurate proportioning and uniform 
mixing of the same as well as careful handling 
in the molding and baking process. For exam 
ple, if the asbestos is of larger particle size, less 
graphite is needed to produce the same electrical 
resistance than if the particles were finer. In 
order to maintain a uniform result therefore with 
a larger particle size, it was found necessary 
to grind the material in a porcelain mill for a 
period of time until it was believed to be approxi 
mately the same size as had formerly been used. 
The two materials then produced substantially 
the same result in a measurement of resistance. 
The materials are then mixed in the desired pro 
portions, for example: 450 grams ground as 
bestos, 345 grams of graphite, 250 grams of resin 
and 10 grams of lubricant. This material forms 
a plastic mass that is then ready for molding. 
The segments 6 are formed of a copper base to 

preferably formed by extrusion to desired CrOSS 
section and then cut off to a given length. With 
the early experimentation it was discovered that 
a copper surface would not adhere satisfactorily 
to the resistance backing ring and therefore it 
was necessary to coat the surface or at least that 
part of the segment surface which is to contact 
with the backing ring with some suitable mate 
rial so that proper adherence could be secured. 
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The copper segments are therefore treated, pref 
erably by enveloping them with silver as shown 
at 2 before they are ready to be placed in the 
assembly. The oxidation of the silver coating on 
the segments causes little or no change in the 
resistance whereas oxidation of an exposed cop 
per surface increases with time and gradually 
causes a considerable change and the silver coat 
ing is therefore advantageous from the stand 
point of prolonged uniformity of operation. 
Certain of the segments, such as shown at 4, are 
drilled and have the ends of the conductors 8 
staked therein to provide connections at these 
points, in the illustration shown in Figure 2 there 
being four of these pointS. 

After these segments have been silver coated 
they are placed in the spacer ring 28 as shown in 
Figure 5. The spacer ring is formed mainly of 
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2 
an annular member 8 which has a Series of 
radial slots 20 cut around the periphery and in 
these slots are carried a series of dovetailed pins 
22, the inner portion of which is merely flat and 
fit within the slots 20 but the outer portion is 
broadened or widened out as shown at 24 in a 
tapered manner so that it overlies the tapered 
edges of the segments 6 on either side and there 
fore maintains the same in their circular relation 
until the plastic resistant material. has been ap 
plied thereto. The inner edge of the dovetailed 
pins 22 is tapered as shown at 23 so that they 
may be secured in the slots by hard solder 25 to 
maintain the assembly. This solder must be of 
such consistency that it will remain in Solid form 
under temperatures as high as 300 F. 
The mixed composition is then uniformly dis 

tributed in a preforming die and placed under 
pressure for a short time, approximately five 
Seconds, and then taken out and the "resultant 
preform' dried for from two to four hours at 
120-130° F. The amount of drying is important 
for if the ring assemblies are not dried the re 
Sultant assembly may be high in resistance and 
adhere to the mold. If, however, the drying time 
is too long the resistant material or composition 
will not adhere sufficiently to the segments. 
The assembly then is taken and a core 26 is 

placed within the circular opening 28 of the 
spacer ring and the clamping ring 30 is posi 
tioned immediately below the spacer ring as 
sembly and has therein a series of openings 32 
through which are led the wire conductors 8, the 
same being Secured to the core 26 at a smaller 
diameter through a rubber band 34. The core 
26 has an enlarged head portion 2; then it is 
reduced at the portion projecting through the 
spacer ring and the clamping ring 30 and is then 
further reduced for the remainder of its length. 
A key 36 extends diametrically through an open 
ing in the core and is tapered to press the clamp 
ing ring 30 tightly against the spacer ring fB. 
This assembly is then placed within the main 

die which is shown roughly as being composed of 
two sections, namely a lower stationary section 
38 and an upper movable section 40, the clamp 
ing ring 30 being supported on an annular notch 
42 in the lower die and the upper annular cup 
shaped die projecting down to press the preform 
tightly against its lower surface and the clamp 
ing ring. Before any actual molding is done it 
is necessary to preheat the die core to a tempera 
ture of between 145-150° C. After this the die is 
closed and a substantially high pressure is ap 
plied thereto to mold the ring. 
After a sufficient time has elapsed the dies are 

opened and the molded ring assembly removed. 
The mold assembly may adhere to either the up 
per Or lower die and if it is removed with the 
upper die the rubber band 34 is first removed and 
the key 36 knocked out with a suitable instru 
ment without damaging the wires. The clamp 
ing ring 30 is then tapped horizontally, care 
being exercised not to impart any rotary motion 
thereto So as to avoid any damage to the wires 8 
which project through openings 32 therein. The 
clamp is then removed when it parts from the . 
Spacer ring and the spacer is ejected by use of 
any conventional press. The core is then lifted 
from the upper die and the process can be 
repeated. 

If, however, the ring assembly remains in the 
lower die when the press is opened, an ejector 

2,189,515 
pin 44, which is vertically movable, is raised to 
loosen the entire assembly, the whole assembly 
therefore being taken out in mass and the same 
procedure followed as before in sequence of the 
removal of the parts. 
The rings are placed in pans and are placed in 

a temperature of 130° C. for approximately One 
and one-half hours, then the temperature is 
raised to 140° C. for substantially the same 
length of time. The final heat treatment is 150 
C. for one hour. In the first stage of the heat 
treatment the resistance does not change appre 
ciably but in the second stage the resistance of a 
given ring will increase from two to three ohms 
and at the final stage the resistance again in 
creases two or three ohms. The resistance of the 
particular rings illustrated here is slightly less 
than ten ohms following the molding and aver 
ages from between thirteen and sixteen ohms 
when it has finished the heat treatment. If 
after the above heat treatment the resistance is 
not sufficiently high, the ring assembly failing to 
have a sufficient amount of resistance may be 
submitted to higher temperatures until the re 
sistance has reached a desired point, 
The ring assemblies so formed have been very 

Satisfactory in that they maintain a substan 
tially uniform electrical resistance and have 
sufficient strength to withstand vibration and 
wear. This particular resistance assembly as 
shown broadly in Figure 2 may be applied to a 
suitable casing 50 as shown in Figure 1. A 
rotatable shaft 52 projects therein and has 
thereon Suitable brushes (not shown) which 
travel over the interior Surface of the segments. 
These brushes may be supplied with current 
from a storage battery and therefore the cur 
rent flowing in any one of the leads 8 will be 
dependent on the distance from the brush to the 
lead and will fluctuate to give a pulsating cur 
rent in each lead if desired. 
We claim: 
1. The method of obtaining an increase of ap 

proximately 18% to 38% in the resistance of an 
electrical conductor element molded from a 
mixture including asbestos filler, finely divided 
graphite conductor material and a resin binder 
combined in proper proportions to afford a 
molded element of approximately ten ohms 
capacity, said method comprising baking the 
molded element at a temperature of 130° C. for 
one and one half hours, then raising the baking 
temperature to 140 C. for One and One half hours 
and finally raising the baking temperature to 
150 C. for one hour. 

2. The method of decreasing the conductivity 
of a relatively low-resistance molded assembly 
containing asbestos, graphite and resin and 
whose electrical resistance is on the order of ten 
Ohms, comprising baking the assembly for about 
One and One half hours at approximately 130 C. 
to condition the same for an increase in resist 
ance, then raising the baking temperature ap 
proximately 10° C. for about one and one half 
hours to increase the resistance two or three 
ohms and again raising the baking temperature 
approximately 10° C. for about one more hour to 
increase the resistance another two or three 
ohms. 

ABRA. H. ESSIER, 
KARL SCHWARTZWADER, 
RUSSELI, W. EEERS. 

10 

15 

20 

30 

35 

40 

50 

55 

60 

65 

70 


