
May 8, 1934. C. B. GWYN, JR 1,958,338 
ELECTRICAL MAKE-AND-BREAK CONTACTS - 

Filed July 18, 193 

2 

Fi Ol (x looo) Fi O 2(x loo) 

fiO. 5 (x 1OO) Fi C. 4(x IOO) 

INVENTOR 

  



Patented May 8, 1934 1,958,338 

UNITED STATES PATENT office 
1958,338 

ELECTRICAL MAKE-AND-BREAK CONTACT 
Childress B. Gwyn, Jr., Indianapolis, Ind., s 
signor to P. R. Mallory & Co., Incorporated, 
Indianapolis, Ind., a corporation of Indiana 

18 Claims. 

This invention relates to electrical make-and 
break contacts, and more particularly to elec 
trical make-and-break contacts of tungsten. 

Primary objects of the invention are the pro 
5 vision of electrical make-and-break contacts hav 
ing generally improved characteristics, and of 
methods of forming and treating them. 
More specifically, objects of the invention are 

the provision of contacts of this kind wherein 
10 certain of the difficulties which have heretofore 

caused the failure of Such contacts in service are 
obviated or minimized, and which operate in an 
improved manner, have longer life under given 
Service conditions than was attainable with con 

5 tacts hitherto used, are capable of carrying and 
breaking larger currents than has heretofore been 
possible while still maintaining satisfactory serv 
ice life, have a decreased arcing tendency, give 
Superior performance at high and low operating 

20 Speeds, and have improved contact resistance 
characteristics during performance. 
The invention further contemplates, among 

Other objects, the provision of electrical make 
and-break contacts in which the evolution of any 

25 Oxide coating on the contact Surface into more 
harmful or troublesome types of oxides is sub 
Stantially obviated or postponed, and wherein the 
deleterious effects usually incident to arcing are 
pronouncedly reduced, and pitting of the contact 

30 faces, fusion and transfer of material from co 
operating contacts are eliminated to a very Sub 
stantial degree under the conditions to which 
Such contacts are Ordinarily Subjected. 
A further object of the invention is the provision 

of a tungsten contact and method of treating it, 
wherein and whereby the usual body structure is 
so modified as to have improved working char 
acteristics throughout and to present at the COn 
tact face a minimum amount of the Substance 
or substances which adversely affect the efficient 
functioning of the contact. 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
The invention accordingly comprises the Sew 

eral steps and the relation of one or more of Such 
steps with respect to each of the others, and the 
article possessing the features, properties, and 
the relation of elements, which are exemplified in 
the following detailed disclosure, and the scope 
of the application of which will be indicated in the 
claims. 

For a fuller understanding of the nature and 
objects of the invention reference should be had 

40 

55 to the following detailed description taken in con 
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nection with the accompanying drawing, in 
Which: 

Fig. 1 illustrates a portion of the contact face 
of a typical tungsten contact such as has here 
tofore been used, magnified 1,000 diameters; C 

Fig. 2 illustrates a portion of the contact face 
of a tungstein contact embodying certain features 
of the present invention, magnified 100 diameters. 

Fig. 3 illustrates a portion of the contact face 
of a tungsten contact modified in accordance with 
one aspect, of the present invention, magnified 
100 diameters; and 

Fig. 4 illustrates a portion of the contact face 
of a tungsten contact modified in accordance with 
another aspect of the present invention, mag 
nified 100 diameters. 

Heretofore electrical make-and-break contacts 
of tungsten have been extensively used in various 
applications, of which the use in automobile igni 
tion systems may be taken as representative. 
Such contacts up to the present time have been 
customarily made of wrought tungsten, either by 
sawing contact discs from a wrought tungsten 
rod, or by punching them from a rolled tungsten 
sheet, 80 
Such contacts develop a number of faults in 

service. For example, the repeated breaking of 
current which is required results in periodic arc 
ing, attended with transfer of metal from one co 
Operating contact to the other, with consequent 
pitting of one contact face and building up of 
projections on the other. Also, the continued 
transfer of material from one contact to another 
often brings about a localization of the contact 
area, with a resultant increase in current density 
at such restricted area of contact. This condi 
tion, in the case of prior contacts, renders more 
pronounced the deteriorating action of the arc. 
The transfer of material under these circum 
stances sometimes becomes so great that a suf 
ficient amount thereof is built up on One of the 
make-and-break contacts to prevent the break 
ing of the circuit by separation of the contacts. 
In addition, blue or brown oxides often form on 
the contact faces, increasing the contact resist 
ance. Such factors of deterioration bring about 
the ultinate failure of the contacts and deter 
nine their useful Service life. 

Also, contacts of the kind heretofore generally 
used in automobile ignition Systerns have been. 
Subject to certain drawbacks at low starting 
speeds, and at high operating speeds. 

Previous contacts have been characterized by 
the fact that an increase in the amount of cur 
rent broken at their faces hastens their deteriora 
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tion. Consequently the permissible current dens 
ities and amperages which have heretofore been 
-usable in ignition and similar make-and-break 
systems have been restrictively limited to an 
amount connenSurate with satisfactory service 
life of the contacts. That is, with contacts of the 
type hitherto in general use, unless the contact 
surface was comparatively large, and the amper 
age comparatively low, the service life of the con 
tacts was unduly shortened. 
A proper understanding of these shortcomings 

in prior contacts, and of the nature of the present 
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invention whereby such unsatisfactory charac 
teristics are eliminated or greatly mitigated, calls 
for consideration of the microstructure of the 
contact metal. To study the microstructure the 
contact surface is polished and then lightly etched 
with a suitable chemical reagent which serves 
to develop the grain structure and the boundaries 
between the grains. The drawing forming a 
part of this application is a representation of 
the various structures shown under the micro 
Scope. . 

Microscopic examination of the surface of the 
best prior art tungsten contacts, as illustrated 
in Figure 1, shows the presence of very fine grains, 
in the neighborhood of 30,000 per square milli 
meter, each of which is surrounded and sepa 
rated from adjacent grains by material charac 
terized by properties different from those of the 
main body of the metallic grains. Throughout 
this specification and in the accompanying claims, 
such material will be referred to as material in 
the grain boundary condition, whether it is pro 
duced in the course of grain structure forma 
tion and actually defines the surfaces of the sev 
eral grains, or is produced in the working of the 
contact metal, as by swaging, rolling, 
punching, sawing and the like. 

its microstructure on traverse sections, the grains 
being quite minute and separated from each other 
by definite boundaries 11, as shown in Figure i. 
The material of the grains 10 is also in the strain 
hardened state, which in some ways simulates 
the grain boundary condition. The tungsten 
contact points which, prior to the present inven 
tion, have given best performance in service, have 
been made by sawing discs from wrought tung 
sten rod which has been produced and worked 
in such a way as to have a minimum of 10,000 
grains per square millimeter exposed on the work 
ing surface of the contact. (See S. A. E. Hand 
book, 1930, p. 559). Such contacts have been 
found to give very uniform and more satisfac 
tory results than contacts having somewhat larg 
ergrains, e.g., about 2,500 grains per square mil 

75. 

limeter. As shown in Figure 1, the linear length 
of the grain boundaries. 11 (and the material in 
the grain boundary condition) exposed on the 
working surface of such contacts is large in pro 
portion to the surface area of the contacts, and 
in addition the strain-hardening of the material 
of the grains 10 may contribute to the amount 
of material in the grainboundary condition. 

It has been found that the material in the 
grain boundary condition is much more active 
physically and chemically than the material at 
the center of the grains. Whether this be due 
to greater concentration of impurities at the 
grain boundaries or to amorphous condition of 
the grain boundary material, or to some dther 
cause, is not as yet positively established. But 
whateve Yney be its precise nature, this material 

grinding, 
- . . . . . to the time of the present invention, it has now 

Wrought tungsten, though actually fibrous in 
structure, ordinarily appears to be granular in 
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in the grain boundary condition has properties 
different from those of the grains themselves. 
Many observations of make-and-break con 

tacts of tungsten of the types heretofore generally 
used, have indicated that the effects of de 
terioration in actual service manifest themselves 
first and more markedly at the grain boundaries 
Separating the individual grains in the working 
Surface of the contact. It appears that the ma 
terial in the grain boundary condition has lower 
resistance to the deteriorating influences im 
posed under service conditions than has the ma 
teria comprising the grain proper. It volatilizes 
more readily than the material of the grains 
themselves, and these facts together with the 
other properties peculiar to it, appear to be large 
ly responsible for the arc deterioration and other 
faulty characteristics of contacts heretofore used. 

80 

In accordance with the principles of the pres 
ent invention these faults are substantially elimi 
nated, or at least are markedly ameliorated, and 
electrical make-and-break contacts of tungsten 
are produced which, among other advantages, are 
capable of much longer and more uniform Serv 
ice, have a greater resistance to shattering at 
high speeds, and are capable of carrying and 
breaking much larger currents with a satisfac 
tory service life than previous contacts of the 
same size. 

In general, these desirable results are accom 
plished by treating the contact material in such 
ways that the grain size is materially increased 
and/or the material in the grain boundary con 
dition exposed on the working surface of the con 
tact is reduced to a commercially practicable min 
imum. This may be done in a number of ways 
as will hereinafter appear. 

... In contrast with the best practice prevailing up 

been found that superior contacts are produced 
by making the grains on the working surface very 
much larger and thus reducing the proportion of 
material in the grain boundary condition exposed 
on the working surface toward a minimum. 

In one embodiment of the present invention, 
the material in the grain boundary condition ex 
posed on the working surface of a contact is sub 
stantially eliminated by making the contact in 
the form of a so-called 'single crystal' of tung 
sten. Such single crystal bodies may, for exam 
ple, be conveniently developed by crystal growth 
around a single crystal wire, although other 
methods may be used if desired. 
Such single crystal bodies have been found to 

be admirably suited for use as electrical make 
and-break contacts. After the formation of a 
slug or bar of single crystal tungsten, it may be 
sawed or cut into individual contact points, which 
may be secured to suitable supports in any well 
known manner, as for instance, by copper brazing 
in hydrogen. The working surface of a contact 
point so formed is substantially free from grain 
boundaries and hence substantially free from the 
deterioration attributable to the material in the 
grain boundary condition, except as a slight 
amount of such material may in certain cases be 
produced in the sawing operation. This embod 
iment of the invention is illustrated in Figure 2 
of the drawing wherein 12 denotes the single 
crystal tungsten substantially free from grain 
boundaries. 
. As another embodiment of the present inven 
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tion, electrical make-and-break contacts may be 
made in such a way that they are composed of a 
relatively small number of comparatively large 150 
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grains of tungsten, as shown particularly in Fig 
ure 3 of the drawing, wherein 13 represents the 
grains proper, and 14 represents the material in 
the grain boundary condition. 

In the embodiment of the invention shown in 
Figure 3, the tungsten contact point has a grain 
count as low as or even lower than twenty grains 
per square millimeter exposed on the working sur 
face. The linear length of the grain boundaries 
in Such a contact Surface is less than two per 
cent. of the length of the grain boundaries in the 
best contacts of the prior art as shown in Figure 1. 
Thus the ratio of material. in the grain boun 

dary condition to material of the grains proper 
exposed on the working surface of the contact is 
minimized. A tungsten body characterized by 
this changed relationship is admiraby fitted for 
use as a contact. As the material of the grain 
proper is less readily deteriorated than the ma 
terial in the grain boundary condition, this re 
duction of the amount of the latter material ac 
complishes results in increasing the service life 
of the contact points which have hitherto been 
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unattainable. 
Tungsten contacts having these large grains 

may beformed by the following method, although 
it is to be understood that the present invention 
is not limited thereto, but contemplates the pro 
vision of large grain tungsten contacts, however 
produced. 
The contact material is first worked as by swag 

ing, drawing, rolling, or the like, into the desired 
shape, which may be in the form of a rod, sheet, 
or any other suitable form. It is then retreated 
at a temperature approaching its fusion point in 
a reducing or neutral atmosphere such as hydro 
gen, helium, argon, etc., or in a vacuum. More 
particularly this may be done, for example, by 
placing suitably worked material such as a tung 
Sten rod in an atmosphere of hydrogen and pass-- 
ing an electric current through it so as to raise 
its temperature nearly to its fusing point. The 
amount of current, time, and rate of heating are 
dependent upon the amounts and character of 
mechanical working to which the contact ma 
terial has been previously subjected. Ordinarily, 
good results are obtained by gradually increas 
ing the current to a maximum value ranging from 
80 to 90% of the amperes required to fuse the 
tungsten rod, and then maintaining the current 
at this value for a short period, such as, for exam 
ple, five to fifteen minutes. The current is then 
reduced rapidly to zero and the rod slowed to 
cool to a temperature at which it will not be seri 
Ously oxidized On exposure to air. The retreated 
rod may then be cut or otherwise formed to the 
desired shape and size. - 

Alternatively, contact discs may be formed 
from tungsten rod or tungsten sheet, placed in a 
tungsten tube, and then retreated at high ten 
peratures in a reducing or neutral atmosphere as 
described above, by passing electric curren 
through the tungsten tube. 
The tungsten contact discs thus produced are 

found to have a microstructure of the type illus- . 
trated in Figure 3 in which the grains 13 ex 
posed on the working surface are of large size 
and the length of the grain boundaries 14 has 
been substantially reduced, so that the ratio of 
material in the grain boundary condition to ima 
terial in the grains proper is substantially re 
duced. It will thus be apparent that the ideal 
condition would be the entire absence of grain 
boundaries. However, the characteristic advan 
tages attendant upon the present invention are 

3 
assured by the provision of working surfaces have 
ing grain counts up to about 1,000 grains per 
square millimeter, a grain count of the order of 
twenty-five grains per square millimeter, how 
ever, being preferred. Such discs may be se 
cured to. Suitable supports by any of the well 
known methods, as for example by copper braz ing in hydrogen. 
The present invention also contemplates an 

other method of treatment which, among other 
results, accomplishes the reduction of the pro 
portion of material in the grain boundary con 
dition exposed on the working surface of the 
contact and imparts improved characteristics to . 
tungsten contacts, which treatment is applicable 
either to ordinary tungsten contacts such as 
shown, for example, in Figure 1, or to large grain 
tungsten contacts prepared as above described 
and particularly shown in Figures 2 and 3. 

In carrying out the method embraced in this 
aspect of the invention, contact discs of Wrought 
tungsten which have been prepared in any of 
the ways practiced prior to the present invention 
or in the ways described above, and which have 
been secured to a suitable support such as a rivet 
or screw of ferrous metal by any suitable meth Od, as for example, by copper brazing in hydro 
gen, are connected as the anode in a direct cur 
rent electrical circuit in a suitable electrolyte 
and are subjected therein to a process of elec- 105 
trolytic conditioning. A solution of potassium 
hydroxide in water is a suitable electrolyte for 
this purpose. Another and an excellent electro 
lyte comprises sodium hydroxide and sodium 
tungstate dissolved in water. Potassium or so- 10 
dium carbonate or bicarbonate may also be used. 
Other hydroxides, carbonates, and tungstates 
may be substituted for the potassium or sodium 
compounds specifically mentioned; but an elec 
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trolyte which has been found to produce satis- 115 
factory results is made up as follows: . . 

Parts by 
. . . . . Weight 

Sodium hydroxide ------------ ----------- 40 120 
Sodium tungstate------------------------ 4. 
Water ------------ --------------------- 1,000 
The cathode in the electrical circuit in the 

electrolyte may be of eopper. Tungsten, carbon 
and various other materials are also suitable for 
use as a cathode: Any desired number of con 
tact discs may be electrically connected as the 
anode in the electrolyte and subjected to the 

12S 

electrolytic conditioning at One time. 
While the composition of the electrolyte, the 

voltage applied, and the duration of the treat 
ment, may be varied within wide limits, very sat 
isfactory results have been obtained by electro 
lytic conditionifig of the tungsten contacts in a 
bath of the composition given above for a period 135 
of 45 seconds with a direct current potential dif 
ference between the anode and the cathode of 
110 volts. 
For most effective results, the contact discs 

of wrought tungsten should be mounted upon 40 
their supports before being subjected to the elec 
trolytic conditioning, for if the contact discs are 
first electrolytically conditioned and thereafter 
attached to their supports, the mounting opera 
tion seems to affect adversely the beneficial re 
sults brought about by the electrolytic condi tioning. 
Tungsten contacts electrolytically conditioned 

as above described, are found to have a bright 
ness and smoothness which they did not possess 150 
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4. 
prior to the electrolytic treatment. Microscopic 
study of the changes which occur on the sur 
face of the contact discs indicates that the first 
effect of the electrolytic conditioning is to elim 
inate the shading of the different grains exposed 
in the surface which appears when the contact 
is subjected to the ordinary chemical etching 
processes commonly used for the study of the 
structure of metals under the microscope. . At 
this stage of the electrolytic conditioning the 
grain boundaries are quite clearly defined. As 
the electrolytic conditioning progresses the grain 
boundaries become less and less evident and the 
exposed surfaces of the individual grains become 
snoother. When the electrolytic conditioning 
proceeds still farther, the grain boundaries be 
come very faint, and some of them become al 
most indistinguishable; and the exposed Surfaces 
of the individual grains are noticeably smoothed 
out. Fig. 4 illustrates the microstructure of the 
electrolytically conditioned working surface of a 
contact disc having prior to Such electrolytic 
treatment a microstructure of the type illustrated 
in Fig. 3. - | Tungsten contacts of the types heretofore used 
are markedly improved by subjection to electro 
lytic conditioning as described above in respect 
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of-their satisfactory life under service conditions, 
their resistance to formation of deleterious oxides 
in service, their decreased arcing tendency, their 
lower rate of transfer of metal from one con 
tact to the opposing contact under operating con 
ditions, their lowered contact resistance, and 
their increased effectiveness at low starting 
speeds and at high operating speeds, and their 
decreased tendency to shatter at high operating 
Speeds. 

Large grain tungsten contacts made in accord 
ance with the present invention, when electro 
lytically conditioned as described above, poSSeSS 
to an enhanced degree these desirable character 
istics. . 
Tungsten contacts which have been electrolyti 

cally conditioned as described above, have been 
found to be somewhat harder on the working Sas 
face than similar contacts which have not been 
electrolytically treated. For example, Standard 
contacts of the prior art show a hardness of 71 
or 72 on the Rockwell "C" scale with a 60 kg. load, 
whereas similar contacts electrolytically treated 
as described above show a hardness of 73 or 74. 
The explanation as to why the electrolytic CO 

ditioning described above produces the results 
which have been observed, is not entirely clear, 
and it is therefore not desired to limit this speci 
fication to any particular theory. 
As instances of the improved results which are 

obtained with different embodiments of the pres 
ent invention, the following are cited: 

Single crystal tungsten contacts described 
above having one-fourth the Surface contact area 
of the fine grain tungsten contacts of the prior 
art have been found to operate satisfactorily at 
the same voltage and amperage as the prior art 
tungsten contacts, and for a longer Service life. In 
other words, the single crystal tungsten contacts 
are capable of operating at approximately four 
times the current density of the prior art contacts, 
with an increased service life. Single crystal 
tungsten contacts of the present invention tested 
against fine grain tungsten contacts of the prior 
art of the same surface contact area and under 
identical conditions of voltage and current density 
have shown an increase of fifty per cent. Or more 
in useful service life. They possess lower Surface 
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contact resistance and permit the passage of 
twenty per cent. or more current both at low start 
ing speeds and at high engine Speeds. . 

Large grain tungsten contacts of the present in 
vention having grain counts of from twenty to 
thirty grains per square millimeter exposed on the 
working surface have been found to possess a use 
ful service life twenty per cent. greater than the 
best fine grain tungsten contacts of the prior art 
under identical operating conditions. Moreover, 
such contacts exhibit marked improvement in 
starting characteristics. In practice, the starting 
characteristics of contacts for automobile ignition 
systems are estimated in accordance with the Sur 
face contact resistance to the passage of current, 
measured in terms of the millivolt drop across the 
contacts with five amperes of electric current 
flowing. The large grain tungsten contacts of the 
present invention are found to have a lower Sur 
face contact resistance than the best tungsten 
contacts of the prior art; and in many instances 
this has been found to be as low as one-half of 
the surface contact resistance of the best prior 
art tungsten contacts. 
In addition large grain tungsten contacts of 

the present invention .150' in diameter have been 
found to be capable of satisfactory operation at 
8.25 volts and 6.00 break amperes, making and 
breaking the circuit 2,200 times per minute, with 
a useful service life of more than 100,000,000 
makes and breaks; whereas the best prior art con 
tacts cannot be operated satisfactorily beyond 8.25 
volts and 4.9 to 5.6 break amperes, and then only 
with a shorter useful service life. Such contacts 
have a contact surface area of approximately 11.4 
square millimeters and are thus seen to be capable 
of carrying and breaking a current in excess of 
one-half ampere per square millimeter of contact 
surface area. The contacts with which the above 
results were obtained had a grain count of ap 
proximately 25 grains per square millimeter ex 
posed on the working surface, Or a total of ap 
proximately 276 grains. Thus it will be seen that 
these contacts have for each ampere of current. 
carrying capacity for which the contacts are de 
signed, of the order of 50 grains on the working 
Surface. 

Fine grain tungsten contacts of the prior art 
when electrolytically conditioned in accordance 
with the present invention, are found to show an 
improvement of thirty per cent. or more in start 
ing characteristics over the same contacts not 
electrolytically conditioned. They are also capa 
ble of satisfactory operation at engine speeds of 
from 200 to .300 revolutions per minute greater 
than the same contacts not electrolytically condi 
tioned. After 1176 hours of operation, these con 
tacts show a surface contact resistance measured 
in terms of millivolt drop of less than thirty per 
cent. Of that of similar contacts not electrolyti 
cally conditioned which had been in operation 
only 600 hours. . 

Since certain changes may be made in the con 
tacts and in the processes of manufacture de 
scribed above without departing from the scope 
of the invention, it is intended that all matter 
contained in the above description or shown in 
the accompanying drawing shall be interpreted 
as illustrative and not in a limiting Sense. 

It is also to be understood that the following 
claims are intended to cover all of the generic 
and specific features of the invention hercin de 
scribed and all statement of the scope of the in 
vention which as a matter of language might be 
Said to fall therebetween. 
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Having described my invention, what I claim aS 

new and desire to secure by Letters. Patent is: 
1. An electrical make-and-break contact hav- . 

ing a tungsten face Substantially freed from ma 
terial in the grain boundary condition by subject 
ing the tungsten face as an anode to the pas 
Sage of current in an electrolyte, including one 
Or more of the hydroxide, carbonate and tung 
state compounds of the alkali metals. 

2. An electrical make-and-break contact hav 
ing a tungsten face. Substantially freed from ma 
terial in the grain boundary condition by a heat 
treatment to insure a grain growth resulting in 
a grain count of less than 1,000 grains per square 
millimeter on the tungsten face and an electro 
lytic treatment in an electrolyte adapted to re 
duce the material in the grain boundary condi 
tion and produce a hard, Smooth working surface. 
when the tungsten face of said contact is sub 
jected as an anode to the passage of electric cur 
rent in the electrolyte. 

3. An electrical make-and-break contact having 
a face comprising a single tungsten crystal elec 
trolytically conditioned in an electrolyte adapted 
to reduce the amount of materials deleterious to 
efficient operation and produce a hard, Smooth 
Working Surface when Said face is subjected as 

lyte. 
4. An electrical make-and-break contact hay 

ing a tungsten face with a grain count of less than 
1,000 grains per square millimeter on the Work 
ing surface and substantially freed from material 
in the grain boundary condition and other ma 
terials deleterious to efficient operation by Sub 
jecting the tungsten face as an anode to the 
passage of electric current in an electrolyte 
adapted to reduce the amount of such materials 
and produce a hard, smooth working surface. 

5. An electrical make-and-break contact hav 
ing a tungsten face substantially freed from ma 
terial in the grain boundary condition by a heat 
treatment to insure a grain growth resulting in 
a grain count of the order of twenty-five grains 
per square millimeter on the working surface 
and an electrolytic treatment in an electrolyte 
adapted to reduce the material in the grain 
boundary condition and produce a hard, Smooth 
Working Surface when the tungsten face of Said 
contact is subjected as an anode to the paSSage of 
electric current in the electrolyte. 

6. An electrical make-and-break contact having 
a hard, smooth face of tungsten substantially 
freed from materia in the grain boundary Con 
dition by subjecting the tungsten face as an anode 
to the passage of electric current in an electrolyte 
adapted to reduce the amount of such material 
and produce a hard, smooth working surface. 

7. An electrical make-and-break contact of 
tungsten having a grain count of less than 1,000 
grains per square millimeter on the Working Sur 
face, said working surface being a hard, Smooth 
tungsten face substantially freed from material 
in the grain boundary condition by Subjecting 
the tungsten face as an anode to the passage of 
electric current in an electrolyte adapted to re 
duce the amount of such material and produce a 
hard-smooth working surface. 

8. An electrical make-and-break contact hav 
ing a hard, smooth tungsten face with a grain 
count of the order of twenty-five grains per 
square millimeter on the working surface, said 
working surface being electrolytically condi 
tioned by subjecting the tungsten face as an 
anode to the passage of electric current in an 

and-break contacts of tungsten, comprising elec 

5 
electrolyte adapted to reduce the amount of ma-. 
terial in the grain boundary condition and pro 
duce a hard, Smooth working face. 

9. The method of making electrical make-and 
break contacts of tungsten comprising electro 
lytically conditioning the working surfaces of the 
tungsten contacts by subjecting the working sur 
faces thereof as anodes to the passage of elec 
tric current in an electrolyte adapted to reduce. 
the amount of material in the grain boundary 85 
condition and other materials deleterious to 

80 

efficient operation and produce hard, smooth 
working surfaces. . . . 

10. The method of making electrical make-and 
break.contacts of tungsten comprising electro 
lytically conditioning the working surfaces of 
the contacts after attachment to supports by sub 
jecting the mounted working surfaces as anodes 
to the passage of electric current in an electro 
lyte adapted to reduce the amount of material 
in the grain boundary condition and other ma 
terials deleterious to efficient operation and pro 
duce hard, smooth working surfaces. 
s, 11. The method of making electrical make 

100 trolytically conditioning the working surfaces of 
the tungsten contacts by subjecting them as 

an anode to the passage of current in the electro- anodes' to the passage of electric current in an 
“electrolyte including one or more of any of the 
hydroxide, carbonate and tungstate compounds 05 
adapted to reduce the amount of material in the 
grain boundary condition and other materials 
deleterious to efficient operation and produce 
hard, Smooth working surfaces. 

12. The method of making electrical make- 10 
and-break contacts of tungsten, comprising elec 
trolytically conditioning the working surfaces of 
the contacts by Subjecting them as anodes to 
the passage of electric current in a solution con 
taining Sodium hydroxide, sodium tungstate and is 
Water. 

13. The method of manufacturing electrical 
make-and-break contacts of tungsten, compris 
ing heat treating the contact material to insure a 
grain growth resulting in a grain count of less 120 
than 1,000 grains per square millimeter in a 
face adapted to form the working surface of 8 
Completed contact to decrease material in the 
grain boundary condition, and electrolytically 
conditioning the working surfaces of the contacts 125 
by subjecting the Working surfaces as anodes to 
the passage of electric current in an electrolyte 
adapted to reduce the amount of material in the 
grain boundary condition and other materials 
deleterious to efficient operation and produce 18 
hard, Smooth Working Surfaces. 

14. The method of manufacturing electrical 
make-and-break contacts of tungsten, compris 
ing heating the contact material under non-oxi 
dizing conditions to a temperature slightly less 35 
than its fusion temperature, maintaining said 
temperature for a period of time, allowing the 
material to cool to a predetermined temperature 
at which it will not be seriously oxidized upon 
exposure to the air, forming contacts therefrom 40 
and electrolytically conditioning the working sur 
faces of said contacts by Subjecting the working 
surfaces as anodes to the passage of electric cur 
rent in an electrolyte adapted to reduce the 
amount of material in the grain boundary condi- 45 
tion and other materials deleterious to efficient 
operation and produce hard, Smooth working 
Surfaces. 

15. The method of manufacturing electrical 
make-and-break contacts of tungsten comprising 150 
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heat treating the tungsten to minimize material 
in the gain boundary condition by structural 
reorganization, and electrolytically conditioning 
the Working surfaces of the contacts by subject 
ing the working surfaces as anodes to the passage 
O; electric current in an electrolyte adapted to 
isduce the amount of material in the grain 
boundary condition and other materials deleter 
ious to efficient operation and produce hard, 
Smooth working surfaces. 

6. A method of manufacturing electrical 
nake-and-break contacts of tungsten, compris 
ing heat treating the contact matcrial to insure 
a grain growth resulting in a grain count of the 
order of about twenty-five grains per Square mil 
liaeter in a face adapted to form the working 
surface of a completed contact to decrease mate 
rial in the grain boundary condition, and elec 
trolytically conditioning the working surface of 
the contact by subjecting the Working Surface as 
3.n anode to the passage of electric current in an 
electrolyte adapted to reduce the amount of 
haterial in the grain boundary condition and 

other materials deleterious to efficient operation 
and produce a hard, smooth working surface. 

17. The method of making electrical make 
and-break contacts which comprises heating 
Wrought tungstein under non-oxidizing Condi 
tions to a temperature slightly less than its fuS 
i?g point, maintaining said temperature for a 
relici of time, and then allowing the material 

cCoi rapidly to a predetermined temperature 

1,958,838 
at which it will not be seriously oxidized upon 
exposure to the air to insure a grain of growth 
resulting in a grain count of less than 1,000 grains 
per Square millimeter in a face adapted to form 
the working surface of a completed contact and 
electrolytically conditioning the working surface 
of each contact by Subjecting the working sur 
face as an anode to the passage of alectric current 
in an electrolyte adapted to reduce the amount 
of material in the grain boundary condition and 
other materials deleterious to efficient operation 
and produce a hard, Smooth working Surface. 

18. The method of making electrical make 
and-break contacts which comprises. heating 
Wrought tungsten under non-oxidizing conditions 
to a temperature slightly leSS than its fusing 
point, maintaining said temperature for a period 
of time, and then allowing the material to cool 
rapidly to a predetermined temperature at which 
it will not be seriously oxidized upon exposure to 
the air to insure a grain growth resulting in a 
grain count of the Order of twenty-five grains p3r 
Square millimeter in a face adapted to form the 
working surface of a connpleted contact and elec 
trolytically conditioning the working surface of 
each contact by subjecting the working surface 
as an anode to the passage of electric current in 
an electrolyte adapted to reduce the amount of 
Imaterial in the grain boundary condition and 
other materials deleterious to efficient operation 
and produce a hard, smooth working surface. 
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