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Our invention relates to metal ?laments 
and in particular to ?laments such as tung 
sten ?laments. The present invention con 
templates a ?lament of the macro-crystalline 
‘form adapted for use as a light source for 
electric lamps. The ?lament of the present 
invention differs from ?laments heretofore 
used in that whereas the ?lament is inher 
ently of a character such that the macro 
crystalline form is not readil assumed 
nevertheless this form is inducedyb 
ing or deforming the metal at a number of 
points along the ?lament, as for example, 
y sharp bends of small critical radius of 

curvature and thereby providing nuclei of 
crystallization in the ?lament which pro 
mote such macro crystallization. The ?la 
ment further differs in that the desired strain 
or deformation to produce along the ?lament 
many such nuclei of crystallization may be 
obtained by just coiling the ?lament into 
small coils so that the coiled ?lament may 
be coiled again and still preserve its form 
without sagging. - ' 

In the art of manufacturing incandescent 
electric lamps there are several reasons which 
make it desirable to obtain a ?lament of 
especially compact or compendious form and 
small enveloping length, for it will be under 
stood that this makes for simpli?ed anchor 
ing and supporting, concentration of light, 
and increase in e?iciency in the case of gas— 
?lled lamps. It has become customary for 
this reason, whenever the point is to reduce 

, the length of the ?lament, as is true, for 
example, of gas~?lled lamps, to wind the 
?lament in a spiral or helix fashion, and to 
choosetthe core of the helix as large as the 
stability of shape of the wire would permit. 
This reduction in length, ,i. e., the ratio be 
tween the stretched ?lament and the-enve 
lope is important, e. g., in veryslender ?la 
ment wires, since in this case the yield of 
heat to ‘the ambient as assumes compara 
tively high values. he spirally helically 
wound tungsten ?laments which consist of 
long non-bent crystals have been found to be 
particularly non-deformable. 
However, even in these ?laments the diam 

eter of the mandrel or core on which the 
?lament wire is coiled can be decreased only 
in a slight measure. This is particularly 
true of_ coiled ?laments consisting of very 
thin wires, say, wires having a diameter less 
than about 0.025 mm., in the case of which 

y strain-" 

‘the production of Ion 

the core. diameter could heretofore be suc 
cessfully diminished only to about ?ve times 
the wire diameter since upon further de— 
creasing the core, the coiled ?laments become 
unstable and show a tendency to sag. , 
In the ?laments according to the inven 

tion ‘these drawbacks are obviated. It has 
beentfound that the cause underlying such 
trouble as has arisen was due to the fact'that 
the formation of long unbent crystals by the 
‘aid of the well known heat treatment does 

65 

not occur with su?icient reliability if the - 
diameter of the mandrel or core for the 
coiled ?lament is unduly large, in which case 
the strains necessary to induce the formation 
of such crystals are not produced during the 
coiling of the ?lament. 1 
'According to the invention a by far greater 

diameter can be used for the core without 
impairing the capability of forming long, 
unbent crystals, provided care is taken in 
forming the ?lament that the latter at short 
intervals is provided with points of defor 
mation or strain which may, for instance, 
.be produced by impact or pressure actions. 
It is convenient to make these points of def 
ormation by making sharp bends of great 
curvature, the latter alternating with places 
of less curvature. These points of deforma 
tion or of sharp curvature, in the heat treat 
ment of the completely wound ?lament, act . 
as nuclei of crystallization and thus vro-v 
mote the production of macro-crysta ine 
growth, which begins at said nuclei and 
propagates to the neighboring non-deformed 
or insu?iciently deformed portions 'or the 
portions of less curvature. The provision 
of nuclei at adequately short intervals in- 
sures macrorcrystallization of the metal and 

crystals throughout 
the entire ?lament,_ t e individual macro 
crystals being joined without a joint or gap’ 
and mostly extending over a relatively great 
number of nuclei or a ‘plurality of turns of 
the helix. a fact that can be con?rmed by, 
super?cial etching and microscopic exami 
nation. _ . ~ 

In manufacturing ?laments according t 
‘the invention, the most convenient plan is 
to start from a drawn tungsten wire, pref 
erably one of the kind with an addition of 
di?icultly fusible oxides such as thoria, 
which is continuously heated until incipient 
loss of ?brous structure, and which is there 
upon subjected to one or two passes through 
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drawing dies which reduce its diameter 
slightly. In this starting wire, according to 
this invention, points of deformation or 
strain are produced at short intervals, for 
instance by passing a ?uted roller over the 
wire. or b passing the wire through a 
small swaging machine. The wire is there 
upon wrapped around a cylindrical mandrel 
or core having a diameter of, say, 8 to 10 
times the wire diameter. However, the said 
points of deformation or strain can be pro 
duced in the wire also during or after the 
winding of the coil. . 
According to another very suitable form 

of construction the original wire is wound 
upon a core so shaped that in ‘the turns of 
the wire between points of less curvature, 
points of greater curvature as deformation 
points are produced, for instance, in a way 
as illustrated in Figs. 1 and 2, upon a square 
or hexagonal core or mandrel. The wire is 
thus bent around the corners of the core 
with a sharp curvature, while at the sur 
faces of the core the wire becomes ‘of less 
curvature or may even be entirely straight. 
But the core may also be made of a different 
shape; for instance, as depicted in Figs. 3 
and 4, it may present a sharp curvature at 
onlyone place, while at all other parts it is 
practically semi-circular in shape. In lieu 
of cores of such cross-section, the core could. 
also consist of two or more wires of like di 
ameter, as in Figs. 5 and 7, or of different 
diameter as in Fig. 6. The wires, of dif 
ferent sizes, constltuting the core may be 
twisted or stranded together in a way as 
illustrated in Fig. 8, and. the ?lament wire 
then wound on this core, as illustrated in 
Fig. 6. 
In order to produce in the turns of the 

wire several places of different curvature, the 
starting wire could also be wound ?rst upon 
a round mandrel and then the ensuin helix 
or coil is flattened with or .without t e aid 
of a mandrel thereby producing a number 
of spaced bends of much sharper curvature 
than the remainder of the wire. 

After being thus formed, the ?lament is 
subjected to the well known heat treatment 
of heating it to the temperature of rapid 
grain growth far beyond 2000° C. where 
upon the macro-crystalline growth occurs 
and the continuously joined long crystals 

roduced. As regards their crystallo 
grap ic structure, the latter are unbent also 
at the previously deformed points since the 
said crystals grow without being in?uenced 
by the geometrical shape of the body. The 
heating of the ?lament can be effected either 
by an electric current passed therethrough or 
by externally applied heat, for instance, in 
a suitable tubular furnace. . 
The removal of the mandrel or core can 

take place either before the heat treatment, 
or else after completion of the same. In 
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this latter case, the mandrel, of course, must 
consist of a refractory material such as tung» 
sten. Another scheme would be to heat the 
?lament jointly with its core to- around 
1900 or 2000° C., to thereupon remove the 
mandrel, and to ?nally heat the ?lament 
alone, without a core or‘mandrel, to the 
?nal temperature. The heating ofithe ?la 
ment after removal of the core, if desired, 
could also take place after having mounted 
the ?lament upon the stem of the incandes 
cent lamp. 

If a section mandrel is removed prior to 
the heating of the ?lament, for instance, by 
the action of acid, in which case brass or 
steel wire is preferably employed. the coil 
will be caused to turn back somewhat as 
soon as it is no longer held by the core, with 
the result that the number of turns is small’ 
er after removal of the mandrel. For ex 
ample, in the case of a coil whose core, as 
shown in Fig. 5, consisted of two contiguous 
brass wires (wire diameter 0.023 mm., a 
diameter of the core wires 0.09 mm.), it was 
observed that the number of turns was re 
duced one-fourteenth (1/14th), and‘ that the 
points of curvature in each turn were dis 
placed with reference to the corresponding 
points‘ of curvature of the neighboring turn 
by 1/l4th of the circumference of the circle. 
However, this strange behavior is of no im 
portance in the completion and the use of 
the ?lament. 

Since in the making of the new ?laments 
the diameter of the core or mandrel can be 
quite considerably increased without the crys 
tallizing powers of the wire material being 
affected thereby, the length of the envelope 
of the ?lament can be diminished, for in 
stance, to one-third of what has heretofore 
been customary, or even less. 
What we claim as new and desire to secure 

by Letters Patent of the United States, is,— 
1. The process of preparing a ?lament 

from tungsten that does not readily assume 
the macro-crystalline form when heated, 
which consists in producing at a plurality 
of )oints spaced along;r the ?lament strains 
su cient to form nuclei of crystallization to 
promote macro-crystallization and then heat; 
ing to cause macro-crystalline growth to 
set in. 

2. The process of preparing a tungsten 
?lament. which consists in straining the 
metal of the ?lament sufficiently at. a num 
ber of points spaced along the ?lament to 
create a number of nuclei of crystallization 
for starting macro-crystalline growth when 
the ?lament is heated and heating the ?la 
ment to a temperature of over 1900° C. to 
cause macro-crystallization growth to set in 
at said nuclei. 

3. The process of com'erting a tungsten 
wire into macro-crystalline form in a coil 
with turns havinga mean radius of curva 
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ture at which macro-crystallization 'does not 
readily set in, which consists in bending the‘ 
wire so much more sharply at a number of 
points spaced along the ?lament that strains 
su?icient to induce macro-crystalline forma 
tion to set in at said points when heated are 
produced in the wire and then causing’ 
macro-crystalline growth. to ‘set in at- said 
points by‘ heating said wire to approximately 
2OUO° C. . 

4. The process of converting a tungsten 
wire into macro-crystalline form ina coil 
having turns of a mean radius of curvature. 
so great that macro-crystallization does not 
readily set’ in, which consists in producing 
in the wire ‘at points spaced along said turns 
strains su?iciently great to induce macro 
erystalline formation when said coiled wire 
is heated and then heating said wire to cause 
macro-crystalline growth to set in from said 
points.‘ 4 - 

5. The process of preparing a metal ?la 
ment, which consists in- bending the ?lament 
into a coil having 
of curvature considerably greater than that 
which causes macro crystalline growth to take 
place readily and also bending said ?lament 
at, a plurality of points spaced alongv its 

turns of a'mean radius 
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length into sharp bends of a radius of curva 
ture su?iciently less than said mean radius 
of curvature to produce strains which induce 
macro-crystalline growth at each of said 
sharp bends when the filament is heated and 
thereafter heating the v?lament to. cause 
macro-crystals to grow at each of said sharp 
bends and toward each other. . 

6. A coiled tungsten ?lament having a 
‘plurality of bends each with a radius of 
curvature‘ ‘considerably lessv than the mean 
radius of curvature of the turns of the coils 
and spaced along the length of the ?lament 
to induce macro-crystalline growth when 
heated. » ~ ‘ 

7. The process'of converting a tungsten 
wire into macrocrystalline form which con 
sists in bending it sharply on a curve of- such 
radius that strains are produced which-in 
duce the gl‘OWtll of macro crystals and then' 
heatingto the temperature of rapid grain ‘ 
growth.’ 

In wltness whereof, we have hereunto set 
our hands this 12th day of November, 1924. 

FRITZ BLAU." 
FRITZ 'KOREF. 
KURT MOERS. 
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