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(C. 18-8) 34 Claims. 
1. 

This invention relates to an apparatus for the 
production of continuous filamentS. from: elec 
trically chargeable material, or a plurality of 
materials, at least one of , which is selectrically 
chargeable and in a fluid State. . 
As used in this application, the term filament 

- includes single-strand, untwisted thread or fibril 
liform strands, ... which...may be either. Solid or 
tubular, and also ribbons or .the like, any or all 
of which are formed from either one or a plu 
rality of differents electrically, chargeable...ma 
terials in a fluid-state. The tern fluid as used 
with reference to the electrically chargeable ma 

...terial employed in forming the filaments includes 
all states of . Suchi. Substances in which they are 
capable of flowing, with or Without the applica 
tion or removal of heat, . air preSSure, etc., but 
does not include. Substances in the gaseous State. 
The term electrically chargeable as applied to 
the materials from ... Which the filamentS are 
formed includes all materials capable of receiv 
ing an electrical charge and/or capable of being 
transferred from one location to another by Virtue 
of electrical lines of force... Also, where more than 
one material is employed in forming a filament or : 
filaments, the term electrically chargeable is in 
tended to include all materials, employed for a 
given filament although some may not, per se, be 
capable of receiving an electrical charge. 
An object of the invention is the provision of an 

. . in proved apparatus for forming a continuous 
filament from fluid, electrically chargeable ma 
terial by creating, an electrical potential differ 
ence between a discharge element and a movable 
-receiving means which are. Spaced from each 
other and applying the Said material to Said dis 
charge element so - that the Said material is car 
ried to the receiving means in the form of a fila 
ment by the electrical lines of force between the 
receiving means and the discharge element, a 
magnetic field of force being applied between said 
discharge element, and receiving means to pre 
went divergence of said lines of force and thereby 
maintain the CrOSS-Section of the formed filament 
Substantially uniform. 
Another object of the invention is to provide an 

improved apparatus of the type defined in the 
preceding paragraph and in which the said dis 
charge element is hollow, With air or gas being 
supplied therethrough and the said discharge 
element rotated while the filament is being form 
ed, whereby a tubular filament of uniform diam 

...eter and Wall thickness is produced. 
A further object of the invention is the pro 

Vision of an improved apparatus for forming a 
continuous filament from fluid, electrically 
chargeable material by creating an electrical po 
tential difference between a discharge element 
and a moveable receiving means, which are 

, Spaced from each other, and applying the said 

2 
... material to the discharge. element So... that the 
material is carried to the receiving means in the 

... form of a filament by the electrical lines of force 
between the receiving: aeans and the discharge 

5 salement, the said: receiving means comprising a 
... moving, flexible.band upon which the formed fila 

O. 

: ment is received and carried to a point of dis 
charge. 
A still further object, of the invention is to 

provide an improved apparatus, of the type. de 
..fined in the preceding paragraph, with a heating 
... xineans... through, which the flexible band of the 

s 
receiving means and the formed filament paSS, 
Whereby the formed filament is hardened or Set 
by heat. received from said band as well aS by 

seat directly imparted thereto. While; passing 
...through the heating fileans. 

An additional object of the invention is to 
. . . provide...a... improved, apparatus of the type de 

2. Sined in either of the two preceding paragraphs, 
With a discharge. element, having a comb-like 
outer end, whereby, the filament formed is in the 
rature. Of a band'Or ribbon. 
The invention also has as an object the pro 

Visioin of an improved apparatus of the type de 
fined in any of the preceding objects and in which 
..filament forming material is Supplied in a man 

... her. Such that the filamentS may be produced in 
... any desired color: Without interrupting the opera 

30 tion of the apparatus. 
Aother object of the invention is to provide 

an improved apparatus for forming filamentS 
1. from fluid, electrically chargeable material, aS 

35 
: referred to in any of the preceding objects, and 
in which the discharge element is provided with 
means to supply both liquid material and finely 
divided material thereto, whereby the resulting 
filament is of composite nature. 
The invention further, resides in certain novel 

features of construction and combination, and 
arrangement of parts of the apparatus whereby 
the distance between the discharge element and 

45 

6) 

receiving, mean Snay be readily adjusted, the 
angularity of the discharge element and receiv 
ing means may be adjusted With respect to a 
reference plane, and Various other adjustments 
may be effected, as will hereinafter appear from 
the following description of the present preferred 
embodiment, and certain modifications thereto, 

- described with reference to the accompanying 
dra Wings in which similar reference characters 
represent corresponding parts in the several views 

E. and in. Which: 
Fig.1 is a side. View of the improved apparatus 

With certain partS. broken away and others shown 
in Section, the magnetic shield being shown dis 
posed at its inoperative position in this-figure; 

Fig. 2 is a front elevational view of theim 
proved...apparatus illustrated in Fig. 1 with the 
driving belts and certain other.parts removed; 
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Fig. 3 is an enlarged, fragmentary, Sectional 
View taken substantially on the irregular Section 
line 3-3 of Fig. 1, with certain parts shown in 
elevation, and illustrating the details of the dis 
charge element and receiving means; 

Fig. 3a is a fragmentary Sectional view taken 
Substantially on the Section indicating line 3d-30 
of Fig. 3; 

Fig. 4 is an enlarged, fragmentary, elevational 
view of the discharge element and receiving 
means, illustrated in FigS. 1 and 2, but Showing 
the magnetic Shield in place intermediate the 
discharge element and receiving means, with 
the magnetic Shield and the heat eXchange means 
in Section; 

Fig. 5 is a top plan view of the apparatus illus 
trated in Fig. 1; 

Fig. 6 is a fragmentary sectional view, taken 
substantially on the section line 6-6 of Fig. 4, 
illustrating the means for Supporting the mag 
netic shield, the latter being shown at its opera 
tive position in full lines, while its inoperative 
position is indicated by broken lines; 

Fig. 7 is a view, partially in Section and par 
tially in elevation, taken Substantially on the 
line 7-7 of Fig. 1, showing the adjustable mount 
ing for the upper band or belt pulley of the re 
ceiving means; 

Fig. 8 is a fragmentary sectional view, Sub 
stantially on the line 8-8 of Fig. 1, showing the 
adjustable mounting for the lower band or belt 
pulley of the receiving means and an idler pulley 
for the formed filament; 

Fig. 9 is a sectional view, substantially on the 
line 9-9 of Fig. 1, showing the electrode emi 
ployed for precharging the filament forming mal 
terial which is supplied to the discharge element; 

Fig. 10 is a fragmentary view to a reduced Scale 
of the right-hand portion of Fig. 1, With parts 
omitted, illustrating the apparatus in an inclined 
Or tilted position; 

Fig. 11 is a simplified, Schematic wiring dia 
gram of the circuits employed for precharging 
the filament forming material, and for providing 
the material transferring potential difference be 
tween the discharge element and the receiving 
meanS; 

Fig. 12 is a view, partly in Section and partly 
in elevation similar to Fig. 4, showing a modi 
fied form of discharge element employed for pro 
ducing hollow filaments, the magnetic Shield be 
ing illustrated in its Operative position; 

Fig. 13 is a view, partly in Section and partly 
in elevation, illustrating the discharge element 
provided with a modified form of material Sup 
plying means which is capable of Supplying the 
discharge element With both liquid and finely 
divided material for producing a composite fila 
ment; 

Fig. 14 is a top plan view of the discharge ele 
ment and material Supplying means shown in 
Fig. 13 illustrating the tangential connections of 
the conduits through which the finely divided ma 
terial is supplied to the chamber adjacent the 
lower end of the discharge element; 

Fig. 15 is a fragmentary view, partly in section 
and partly in front elevation, illustrating a modi 
fied form of discharge element, the lower end of 
which is Substantially comb-like, for forming a 
ribbon or band type filament; the means for Sup 
plying material to the discharge element repre 
sented being similar to, but a modification of, 
that illustrated in Fig. 13 and the pulleys for 
the filament receiving belt or band being mounted 
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4 
upon the apparatus with their axes at right angles 
to their positions as previously illustrated; 

Fig. 16 is a fragmentary bottom view of the 
discharge element and material Supply means 
shown in Fig. 15; and, 

Fig. 17 is a fragmentary elevational view of 
the filament receiving band or belt shown in Fig. 
15 and which is used to form ribbons or bands. 
As disclosed and claimed in my copending ap 

plication entitled, 'Method and Means of Pro 
ducing Threads or Filaments Electrically,' 
Serial No. 56,128, filed October 23, 1948, filaments 
may be formed from electrically chargeable ma 
terial by Supplying Such material to a discharge 
element which is spaced with respect to, and in 
sulated from, a receiving means between which 
element and means an electrical potential dif 
ference is provided so that the electrically charge 
able material is carried, in the form of a fila 
ment, from the discharge element to the receiv 
ing means by the electrical lines of force there 
between. In such operations, the electrically 
chargeable material preferably is given a pre 
charge, or ionization charge, prior to, or While 
being applied to, the discharge element thereby 
facilitating transfer of the material to the re 
ceiving means, and hence the formation of the 
filament. Also, the formed filament is preferably 
heated after reception upon the receiving means 
to harden or set the filament, and the receiving 
means includes a movable part for discharging 
the formed filament. 
The present invention relates to apparatus 

operating in accordance With the above-men 
tioned principles but embodying improvements 
in the apparatus disclosed in the Said Copending 
application, which improvements facilitate forma 
tion of filaments of the various types disclosed 
in the said application, filaments of types not 
possible of formation by the prior apparatus, 
and/or the formation of all the various types of 
filaments in Selected colors as Well as composite 
filaments formed from more than one material. 
As shown in FigS. 1 and 2, the apparatus pref 

erably comprises a base 2 to the top of which 
is pivoted a horizontally extending plate 22. The 
base 2 is preferably enclosed as shown and con 
tains the necessary transformers and other elec 
trical apparatus for providing the precharge po 
tential for the material, as Well as the transfer 
potential difference between the discharge ele 
ment and the receiving means, as will herein 
after be described. This electrical apparatus is 
of commercial construction and is provided with 
Suitable controls located Within the base 2 f, 
and/or a housing 23 attached to the base, and 
operated by knobs 24 to vary the output poten 
tials. This electrical apparatus and the con 
trols thereof are well known and hence need not 
be here described or illustrated in detail since 
they, per se, form no part in the present inven 
tion. 
Upstanding from the plate 22 is a vertical 

standard or column 25 provided at its upper end 
with a horizontally extending support 26 for the 
discharge means or assembly 27. This discharge 
means or assembly, See Figs. 3 and 4, comprises 
a housing 28, which is preferably formed of in 
Sulating material and is slidably Supported in an 
opening through the support 26 to permit verti 
cal adjustment. This adjustment is effected by 
virtue of the housing 28 being provided with a 
rack 29 which cooperates with a suitable pinion 
30 (see Fig. 5), the latter being rotatably Sup 
ported upon the member 26 by means of a shaft 
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3 journalled therein. ... The shaft 3 is provided 
... with a ... hand knob 32 by... which the shaft and 
pinion may be rotated and the discharge means 
thus moved vertically. 

Adjustably disposed within the housing 28 is 
a discharge electrode 33 which is formed of elec 

. trically conductive naterial and has itS. lower 
end-pointed. This electrode is surrounded, along 
the majority of its length, by a sleeve 34 of in 
sulating material, which is retained upon the 
electrode.33 by an integral shoulder, formed upon 
the latter adjacent its pointed lower end, and a 
nut 35 screwed upon the threaded upper end of 
the electrode 33, thereby facilitating assembly 
and replaceability of the parts. The electrode 33 
and its insulating sleeve 34 have a sliding fit in 
the bore of a nut 36. This nut is preferably 
formed of insulating material and is provided 
with exterior threads cooperating with the in 
teriorly threaded upper eind of the bore of a sleeve 
member 37 of insulating material which is 
mounted in the upper end of the housing 28 and 
extends therefrom. The nut provides a remov 
able closure for the upper end of the sleeve 37 
and hence of the housing 28 so that the parts 
may be readily cleaned. The discharge electrode 
is held in an adjusted position relative to the 
sleeve 37 by means of a screw 38 which is 
threaded through the flange of the nut 36 and 
engages the sleeve 34 of the electrode. The elect, 
trode may be longitudinally moved relative to the 
nut 36 and the housing by loosening the screw 
38 and applying a longitudinally directed force 
to the electrode. The electrode is guided inter 
mediate its ends within the housing by radially. 
inwardly directed projections 39 provided upon 
the lower end of the sleeve 37. These projections 
39, being spaced from each other, permit fow of 
fluid filament forming material therethrough 
which material is supplied to the interior of the 
sleeve 37, and hence of the housing 28, through 
an opening 40 which communicates with a source 
of supply of the material through a conduit or 
tube 41, see Fig. 5. 
The lower ends of the electrode 33 and its sleeve 

34 are tapered, the portion of the electrode ex 
tending beyond the sleeve 34 terminating in a 
relatively sharp point. The tapered portions of 
the electrode and its sleeve extend outwardly 
through an opening in the bottom of the hous 
ing 28 and cooperate with that opening to pro 
vide an adjustable valve, regulating the flow of 
the fluid filament forming material from the in 
terior of the housing. Adjustment of the size of 
the passageway between the discharge element. 
and the housing 28, and hence the rate of fow 
of fluid therethrough, is effected by loosening the 
screw 38 and then longitudinally moving the dis 
charge element to provide the desired size pas 
sageway, the element being then clamped in its 
adjusted position by retightening the screw 38. 
Disposed about the lower end of housing 28 is 

a heat exchange housing 42 which is formed of 
insulating material. The housing 42 is provided 
with a coil 43, through which a heat exchange. 
medium may be circulated to provide the desired 
temperature for the filament forming material 
within the housing 28. The heat exchange me 
dium circulated through the coil 43 may be such 
as to either raise the temperature of the filament 
forming material or to cool the latter, depending 
upon its characteristics, and is provided for the 
purpose of securing the desired fluidity of thema 
terial as determined by the type and/or cross 
sectional area of the filament to be formed. The 

5. 

6 
housing 42 has an opening through the lower 
end thereof of Sufficientsize to freely...accommo 

a date...the pointed. end of the discharge electrode 
33 so that the latter extends below. Said hous 
...ing.and adjacent a receiving means about to be 
...described. The size of this opening in the.hous 
ing 42 for the passage of the electrode is. Suffi 

... cient to permit the filament forming material to 

0. 
freely flow along the discharge element as a film 
...thereon for... all adjusted positions of the said 

... electrode relative to its housing 26. 

5 

... shown in Fig. 9. 
20 

. . Within the housing 28, intermediate its lower 
end and the end of sleeve 37, is preferably pro 
vided a precharge or ionization electrode 44. This 

a may be a single. projection or point mounted 
within the housing 28 and insulated therefrom, 
but preferably this electrode is provided in the 
form shown in the drawings and in particular as 

As will be seen therein, the 
electrode 44 comprises a ring of conductive ma-. 
terial provided with a plurality of spaced in 
wardly directed points or projections 45, the ring 
being connected with a terminal 46 which is in 

25 
-sulated from the housing 48 and extends there 
through. 

Referring to Fig. 11, it will be seen that the 
precharge terminal 46 is connected by a wire 47 
to one output lead of the power Supply 23, there 
by providing electrical energy of suitable poten 

30 tial and polarity to precharge the filament form 
ing material within the housing 26, it being ap 
parent from this figure that this precharging cir 
cuit is completed by suitable connections of the 

35 
terminal of opposite polarity of the power supply 
to the receiving means 49, as hereinafter de 
scribed, and this side of the circuit may be 
grounded, if desired. The electrode 33 of the dis 
charge means is provided with an electrical po 

40 
tential of the same polarity as that upon the 
precharge electrode 44, the potential of the elec 
trical energy supplied to the electrode 33, how 
ever, being considerably higher than that em 
ployed for the precharge and preferably being in 

45 
the neighborhood of twice the value of the former. 
This transfer potential, as it is known, is applied 
to the electrode 33 through a wire 48 which is 
connected with the electrode 33 as, for example, 
by means of the nut 35 or the like, this wire 48 
being connected with an output lead of the power 

50 supply, 23. The circuit for the transfer poten 
tial is completed by having a receiving means, 
generally designated 49, connected to the termi 

inal of opposite polarity of the power supply 23. 

55 
The precharge potential and the transfer po 

tential may constitute, different voltages from a 
single direct current power unit or may be ef 
fected by two separate power units, if so desired. 
The polarity of the precharge potential applied 
to the electrode 44 and the polarity of the trans 

60 fer potential applied to the electrode 33 must be 
the same, but this polarity will wary with different 
types of materials; that is to say, for certain ma 
terials, the polarity of the potentials applied to 

65 

means 49. 

the precharge electrode and the discharge elec 
trode may be positive, the negative side of the 
power supply being connected to the receiving 

For other types of material, the pre 
charge and transfer potentials may have the 
negative polarity connected to the electrodes 44 

70 and 33, while the positive polarity of the power 
tunit 23 is connected to the receiving means. 
- The power Supply 23 is conventional, One satis 
factory, type being that which is known as a high 

... voltage, insulation tester manufactured by the 
75 :Takk. Corporation of Newark, Ohio, and identified 
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as their Model 55R, Serial 52. Such a power sup 
ply or pack is connectible with alternating Cur 
rent supply wires Ll and L2 and provides at least 
two different direct current potential differences 
which are independently variable by operation 
of the control knobs 24 of the power Supply or 
pack unit 23. 
In accordance with this invention, the receiving 

means 49 comprises a flexible band or belt 50, 
which is preferably metallic and which is novably 
Supported by a pair of spaced pulleys 5 and 52. 
These pulleys are rotatably Supported upon Sepa 
rate mounting birackets 53 and 54 respectively, 
which are, in turn, supported upon and adjust 
able along the verticai standard 25. Thus, the 
pulley 5 is rotatably Supported adjacent the for 
Ward end of the bracket 53 by means of a shaft 
55 journalled therein and this shaft is provided 
with a sheave 56 which is rotated, as hereinafter 
described, to cause rotation of the pulley 49 and 
driving of the belt 50. The bracket 53 has an 
opening therethrough intermediate its ends 
through which the standard or column 25 ex 
tends, see Fig. 7. This opening in the bracket 
has an elongated extension, directed towards the 
rear end of the bracket, in which a pinion 57 is 
rotatably mounted by means of a shaft 58 which 
extends transversely of the bracket and is jour 
nalled therein. The pinion 57 is connected for 
rotation with the shaft 58 and one end of the 
latter is provided with a hand knob 59 by which 
the shaft and pinion may be rotated. The pinion 
57 is in mesh with a rack 60, provided upon the 
rear face of the standard 25, so that rotation of 
the knob 59 moves the bracket 53, and the parts 
carried thereby, vertically with respect to the 
standard 25. The bracket may be clamped in any 
adjusted position by means of a clamping screw 
6, the inner end of which is adapted to engage 
a portion of the Standard 25 when the screw 6 is 
turned in a clockwise direction by means of its 
knurled head or knob 62. 
The lower bracket 54 is constructed in a manner 

similar to the bracket 53 and has its pulley 52 
rotatably mounted adjacent the front of the 
bracket by means of a shaft, 63 journalled in the 
bracket. The pulley 52 is connected to rotate 
with a shaft 63 and one end of the latter is pro 
Vided with a Sheave 64, it being observed that 
the sheave 64 is on the opposite side of the 
bracket from the position of the sheave 56 Sup 
ported by the top bracket. The lower bracket 54 
is likewise adjustable with respect to the standard 
25 by means of a pinion 65 which meshes with the 
rack 60 and is operated by a knob 66 located at 
the right-hand Side of the bracket 54, as viewed 
from the front thereof and, hence, oppositely dis 
posed, as compared with the knob 59 Supported by 
the upper bracket. The lower bracket is likewise 
clamped in an adjusted position by means of a 
locking Screw 6, which bears upon the Support 
25 and is actuatable by a knob 68. 
The band or belt pulley 5 includes an annular, 

electrically conductive portion 69 on which the 
band or belt 50 is supported, See Fig. 3. This con 
ductive portion 69 has a Width. Substantially equal 
to that of the belt 50 and is intermediate two 
annular portions 0 and of insulating material 
which preferably have outside diameters slightly 
greater than that of the portion 69 So as to extend 
above the latter and prevent sidewise travel of the 
band or belt 50. The annular portions 69, 70 and 
7 are connected together and to a disk-like por 
tion 72 which has a peripheral shoulder with 
which the portion 7 is engaged. The disk-like 

O 

5 

20 

8 
portion T2 has an integral hub 73 which is con 
nected to the shaft 55 for rotation therewith and 
hence when the shaft is driven, by rotation of 
its sheave 56, the portions 69, 70 and are 
rotated thereby driving the belt or band 50. 
The annular portion 70 of the pulley 5 rides 

upon a cylindrical shoulder of a stationary disk 
like member 74 which is connected to and Sup 
ported upon a member 75 carried by the bracket 
53 Within the bifurcated portion in Which the 
pulley 5? is positioned, see also Fig. 3d. The 
members 74 and 75 are preferably formed of in 
sulating material and the member 75 is provided 
With an electrical terminal 76 to which is Con 
nected a wire 77 leading to an output lead 78 of 
the power pack or supply 23, this lead being of 
opposite polarity to those connected with the 
Wires 47 and 48. The disk-like member 74 is 
provided with a resilient electrically conductive 
strip or brush 79 which has a sliding contact on 
the inner surface of the annular portion 69 of the 
belt pulley, this brush member being mounted 

25 
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upon the member 14 by a block-like body 80 which 
is electrically connected to the terminal 76 by a 
Wire or conductive member 8 extending through 
the members 74 and 5. Preferably a block 75a 
of insulating material is placed between the lower 
end of the terminal 76 and the bracket 53 to pre 
vent short circuits. 
The anti-friction bearing 82 for that end of 

the shaft 55 opposite the sheave 56 is retained in 
place between a cap member 83, which is threaded 
into the bracket, 53, and an integral shoulder on 
the shaft, 53. Intermediate the bearing 82 and 
the disk-like member 4, the shaft 55 has a 
fianged bushing 82a connected thereto, the re 
duced diameter portion of which is rotatable 
within the central opening of the member 14. 
This construction prevents endwise movement of 
the shaft and pulley and also permitS ready re 
moval of the bearing and the shaft 55 after the 
pulley 5 and sheave 56 have been unclamped. 
This facilitates the use of pulleys 5 of different 
widths to accommodate belts or bands 50 of suit 
able widths for formation of filaments of differ 
ent sizes and/or types, as Will hereinafter appear. 
The several pulleys of different sizes are all con 
structed alike, except that the width of the an 
nular portion 69 is varied in accordance With the 
size of the belt, or band employed thereith. It 
will be observed that the belt or band 50 is pref 
erably grooved or notched slightly intermediate 
its edges which notch or groove extends longitu 
dinally therealong to facilitate guiding and Sup 
porting of the filament as formed. 
The electrical connection of the transfer po 

tential to the belt is preferably effected by con 
necting a wire 84 With the power pack 23 So as to 
have a potential opposite to that applied to the 
discharge element 33. In the illustrated em 
bodiment, the Wire 84 is connected to the same 
output lead 78 as that employed for the wire 77, 
which constitutes the other pole of the pre 
charge potential, and this lead is shown 
grounded, although this is not necessary to the 
operation. The wire 84 is secured to a con 
necting strip or lug 85, which is apertured and 
has a securing Screw plug 86 passing therethrough 
and threaded into a block of insulating material 
87 carried by the standard 25. The screw plug 
86 is longitudinally bored and counterbored and 
provided With a plunger 88 having a reduced di 
ameter portion extending through the bore in 
the upper end of the Screw plug 86 and riding 
upon the portion 69 so as to constitute an electri 
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cal contact or brush therefor. The... plunger, or , 
contact member 88 is maintained in engagement ... 
With the periphery of the portion 69 by means of 
a compression Spring 88a, interposed between the 
plunger 88 and a set screw 88b, which closes the 
opening in the Screw plug 86. 
The lower pulley 52 for the belt or band 58 is 

preferably constructed similar to the upper 
pulley 5f except that the portion corresponding 
to the member 4 is connected to rotate With the 
shaft 63 since there is no. brush-like. electrical 
connection in the interior of the lower. pulley. 
The belt 50 is continuously driven during nor 

mal operation of the apparatus by means of an . 
electrical motor. 89, which has its arnature shaft ; 
connected through a gear reduction unit 90 to a 
sheave 9. This sheave 9 is provided with a 
V-belt, or the like, 92 which also passes about the 
inner one of a pair of integral. sheaves 93, See 
Figs.-2 and 3, connected to a shaft 94. The outer 
integral of the sheaves 93 is connected by a V 
belt, or the like, 95 to the sheave 64 which is 
provided on the shaft 63 for driving the lower 
pulley 52 for the filament supporting belt or 
band 50. The shaft 94 also has a second pair 
of integral sheaves 96 connected thereto, the in 
ner of which is connected by a V-belt, or the 
like, 97 to drive the sheave: 56 for rotation of the 
upper pulley 5f of the filament supporting belt. 
50. The outer of the sheaves 96 is connected by a 
V-belt 98 to a sheave 99 mounted upon a shaft 
00, which is supported for rotation in upstand 

ing brackets or standards ( ; provided on the 
plate or table 22. The shaft 00 has a filament 
gripping roller 02 connected thereon for rota 
tion thereWith and cooperating with this roller, 
and frictionally rotated thereby, is a second fil 
ament gripping roller 03, which is rotatably: 
mounted upon the brackets or supports by a 
shaft. 4 so that a filament produced by the 
apparatus is led between and gripped by the 
rollers - if 92 and fo3, as hereinafter described. 
The standard 25 has an opening adjacent its 
lower end permitting passages of the formed fill 
ament F, and preferably the bracket 54 is pro 
vided to the rear thereof with an idler 5 to 
guide the formed filament in its path from the 
belt 50 to the friction gripping rollers O2 and 
G3. After the filament passes between the lat 

ter rollers, it is then wound upon a suitable 
bobbin or bobbins carried by a winding mech 
anism, not shown. 

In order to effect adjustment of the tension of 
the driving belt 92, the motor 89 is mounted 
upon a bracket or Support 5, which is hori 
Zontally adjustably supported upon a pair of 
horizontally extending bars f6, the latter be-, 
ing in turn Supported by pairs of vertically eX 
tending members 7 and if 8 attached to the 
plate 22. . The motor bracket 5 has a down 
Wardly depending portion 9 which is provided 
With a threaded opening acting as a nut for a 
screw 20. The screw 20 is journalled for rotal 
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tion, but is held from longitudinal movement, 
by a plate 2 which extends transversely of and ; 
interconnects the pair. of vertical supports fl. 
The screw 20 is provided with a head or knob 
22 to facilitate rotation of the screw and, 
hence, longitudinal movement of the motor 
mounting bracket if 5. The shaft-94, which sup 
ports the sheaves 93. and 96, is journalled in the 

7 

horizontally... extending: bars - 6 - and extends: 
through Slotted openings is 23 in the motor 
brackets, 5. The construction just described 
is such that, as the motor support - 5 is moved 5. 

3 latter. 

10 
to the right, as viewed in Fig. 1, the belt 92 is 
slackened somewhat so that it may be easily 
placed and/or removed. When the support 5 
is moved in the opposite direction, the belt 92 
is tightened. If desired, conventional means 
may also be provided to permit adjustment of 
the tension of the belts 95, 9 and 93. The belts 
95 and 97 may be placed and/or removed and 
their tensions adjusted by loosening the lock 
screws 6 and 67 and turning the knobs 59 and 
66, which operation likewise adjusts the tension 
in the band or belt. 50. 
The forwardly extending arms or bracket 

members: 6 are - connected with the vertically 
extending support or standard 25, thus afford 
ing rigidity to the several vertical supporting 
members, and forward of the standard 25 the 
members S support a heating means 24 which 
Surrounds a portion of the band or belt 5 and, 
hence, of the filament 3 carried thereby. This 
heating means, 24 may be of any suitable type, 
an electrical resistance type being illustrated, 
and is provided for the purpose of heating the 
formed filament Sufficiently to set or harden the 

In addition to directly heating the fila 
ment, as it passes through the heater, the fila 
ment F is heated and at least partially set as 
it initially engages the belt 50 by virtue of the 
heat imparted thereto by the belt itself. This 
is due to the fact: that the belt-or band 50 is 
also heated as it passes through-the-heater 24 
and, due to the relatively high speed of the belt, 
which may be in the order of 110 feet per min 
ute, a very. Substantial portion of this heat is 
retained during the portion of the belt, travel 
exteriorly, of the heater... The filament form 
ing material is supplied to the conduit. 4 and, . 
hence to the discharge element; from One or a . 
plurality of containers or jars, such as 25, 26, 
27 and :28, which are supported upon a shelf 

or table 29 at the upper end of the vertical 
members or standards , f 8. Each . of these is 
jars or containers. is provided with a sealed cover 
30 - through which extend a pair of pipes - in 

sealed relationship, one of the pipes extending . 
downwardly to a point adjacent the bottom of 
the container and the other of the pipes haW 
ing...its lower... end disposed above the normal . . 
upper level of the material in the jar. These 
shorter pipes. for the several jars are desig 
nated 3f, 32, 33 and 34, respectively, and 
each has one end thereof connected to a nani 
fold 35, With which a source of air or other. 
fluid under. pressure is connected by a conduit 
36. The longer pipes or tubes for each of the 

containers are connected with pipes - or conduits - 
designated, f3, 38, .39 - and -40, respectively. . . 
The manifold 35 is provided With individually. 
manually operable valves 4, 42, 43 and 44, 
which respectively control the application of air 
or other: fluid under pressure through the pipes. 
3, 32, 33 and 34 to the associated container. 

It will be understood that application of air 
pressure to a container or containers will force 
the filament forming material therein to flow 
through its outlet pipes, 37-4, respectively. 
Each of these latter. pipes is likewise provided 
With independently manually operable valves 
45, 46, 47 and 48, which are preferably lo 

cated in the manifold 49 to which the pipes 
or conduits. 3.- ..f4C. are connected. . It will be 
observed that the valves 45 and 48 are con 
nected by a suitable. passageway, such as .50, 
in the manifold 49, and the valves 46 and 47 
are likewise connected by a suitable passageway . 
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5 in the manifold 49. The passageways 50 
and 5 are united into a control paSSageWay 
52, which is in communication with the pipe 
or conduit 4 for supplying the fluid filament 
forming material to the discharge electrode. 
Hence, the flow of filament forming material 
from the containers or jars may be individually 
controlled and the material from the various 
jars may be utilized in any desired proportions. 

Let it be assumed that only the material in 
the container or jar 25 is to be supplied to the 
housing 28 of the discharge element or mem 
ber. The valve 4f will be opened to permit 
supply of air or fluid under pressure to the Con 
tainer 25 and likewise the valve 45 will be 
opened to allow flow of the liquid through the 
pipe or conduit 37. The valves 42, 43, 44 
and 46, 47 and 48 will, however, be closed. 
As the fluid pressure is exerted upon the level 
of the liquid in the container 25, through the 
pipe 3, the material flows therefrom and 
through the passageways 59 and 52 and Con 
duit 4 into the housing 28, from which it is 
conducted and formed into a flament, as iS 
hereinafter described. As mentioned above, all 
of the other valves are closed at this time SO 
that only the material in the container 25 is 
Supplied. If all of the other containers con 
tain a similar type of material, they may be Se 
lectively placed in communication with the con 
duit 4 in any desired sequence by operation of 
their associated valves. As each container is 
placed in communication with the conduit 4, 
the previously used container is removed from 
communication therewith by the closing of its 
asSociated valves. Normally, in Such an oper 
ation, only one container at a time will be in 
communication with the conduit A. So that the 
unused containers may be refilled and positioned 
for operation without interfering with the op 
eration of the apparatus so that a continuous 
filament may be formed. 
The means which is disclosed for Supplying 

the filament forming material may also be en 
ployed for forming filaments of different colors 
without interrupting the operation of the ap 
paratus. For example, if the filament forming 
material in the container 25 be one color and 
that in each of the other containers 26, 2 
and 28 be of different colors, sequential op. 
eration of the valves associated with the Con 
tainers will produce a single continuous fila 
ment having sequential portions of different 
color, the color of each portion of the filament 
corresponding with the color of the material in 
the container which Was utilized at that time. 
By utilizing more than one container at a tine, 
as by manipulating the associated valves jointly 
instead of sequentially, threads of intermediate 
or different colors may be produced in various 
shades. For example, by employing primary 
colors and black in the Several containers, a 
wide variety of colored filaments may be formed 
by adjusting the degree of opening of the valves, 
Such as 4 and 45, of the container or con 
tainerS employed at a given time. 
Thus, if the material in the containers 25 and 

|26 be yellow and blue, respectively, and the 
valves associated with container 25 be opened 
to provide approximately 40% of the material 
used while the valves associated with the con 
tainer 26 are opened to provide approximately 
60% of the material, one type of green will be 
produced. By changing the relative amounts of 
Opening of the valves associated with the con 
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12 
tainers 25 and 26 from the values stated, 
greens of other hues will result. In a similar 
manner, other colors of desired shade may be 
produced, since, if desired, all of the containers 
or jars may simultaneously Supply material to 
the conduit, 4. 

In Operation of the machine, the jars or con 
tainers 25, 26, 27 and 28 are provided with 
filament forming material of Suitable type and the 
discharge element or electrode 33 is longitudinally 
adjusted to provide a desired extent of valve open 
ing adjacent its pointed end, the electrode being 
clamped at its adjusted position by means of 
Screw 38. The discharge electrode and its hous 
ing are then Vertically adjusted by operation of 
the knob 32 to provide the desired extent of Sepa 
ration between the end of the discharge elec 
trode 33 and the belt 50 of the receiving means 
49, the extent of Separation being determined by 
the type of material employed, by the cross-sec 
tional area, desired for the filament, and/or by 
the potentials to be employed in effecting the 
transfer. The motor 89 is then placed in opera 
tion, thus driving the filament, receiving band or 
belt, and the filament gripping rollers 2 and 
$03. The heater 24 is also energized, thereby 
heating the belt as it moves therethrough. The 
proper ones of the valves 4 - 44 and 45-48 
are Operated to effect Supply of the filament form 
ing material from the particular countainer or 
containers to be utilized, and the precharge cir 
cuit, as well as the transfer circuit, are ener 
gized. Hence, a transfer potential is created be 
tWeen the electrode 33 and the metallic parts of 
the receiving means 49, which parts comprise the 
annular electrode 69 and the belt 59, if the lat 
tell be of neta. Also, a precharge potential is 
applied to the electrode 44, the other pole of this 
circuit being connected to the receiving means. 
With the apparatus thus conditioned, filament 

forming material is supplied to the housing 28 
Where it receives an electrical charge from the 
electrode 44 and flows then along the discharge 
element, as a film thereon. The rate of flow of the 
materia. Over the discharge element is deter 
mined by the adjusted amount of the valve open 
ing at the lower end of the housing, and by the 
use of a heat exchange means in the coil 43 
Surrounding the lower end of the electrode. The 
rate of flow of the filament forming material over 
the discharge electrode is insufficient to cause the 
material to drop from the electrode by gravity, 
the material being held thereon by Surface ten 
Sion. However, the transfer potential differ 
ence between the discharge electrode and the 
receiving means results in lines of force ex 
tending therebetWeen, which effect the transfer 
of a portion of the flament forming material 
in the form of fine filament or thread F. This 
filament engages the noving belt 59 so as to be 
Supported and carried thereby, the flament be 
ing at least partially hardened or set by the 
heat in parted thereto by the belt, which was 
heated in its previous journey through the heater 
24. The filament; F thus formed is carried by 
the belt 59 through the heater 24, where it is 
further hardened or Set, and the end of the 
formed filament is fed or threaded through an 
opening in the standard or column 25 and about 
the idler 5 carried by the bracket 54, the ap 
paratus being slowed or stopped during the ini 
tial Setup to facilitate thus handling the filia 
ment. The filament is passed from the idler 5 
through the gripping rollers 02 and 03, and the 
end of Said filament is then Wound upon a suit 
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able winding mechanism, not shown. The ma 
chine may now be operated at full speed and 
will form a continuous filament or thread F, the 
jars f 25, etc., being replaced, if necessary, to 
provide a continuous supply of material; and/or 
more than one pair of valves, such as 4, 45 are 
operated when colored filaments are desired. 
During this high-speed operation, any irregul 
larity in takeup of the thread or filament Fupon 
the winding apparatus, which would normally 
place tension upon the thread or filament, tend 
ing to stretch or break the latter or pull it apart, 
is prevented by the friction gripping rollers 2 
and 03, which prevent transmission of such a 
tension therebeyond to the filament as it is be 
ing formed. In addition to, or in place of, the 
guide pulley or idler 95, other pulleys or idlers 
may be utilized to suitably support and guide the 
filament F. 
In some instances, it finay he desirable, espe 

cially where high potentials may be employed for 
effecting transfer of the material in forming the 
filament, to employ a magnetic field interme 
diate the discharge element and receiving means 
to thereby prevent divergence of the lines of 
force therebetween so that the diameter of the 
filament will be maintained Within close linitS. 
This may be effected in the present machine, 
when desired, by means of a suitable cylindrical 
electromagnet 53, having a central opening 
therethrough. This electromagnet is Supported 
on the outer end of an arm 5.3, the inner end of 
which is pivotally Supported between Spaced ears 
55 and 56 which are mounted upon the vertical 
column or standard 25. The electromagnet 53 
is adapted to be SWung to and from a position 
intermediate the discharge element and receiving 
means and is retained in its inoperative posi 
tion by a locking screw 5, see Fig. 6. When 
it is desired to employ the magnet 53, the dis 
charge assembly 27 is elevated by operation of 
the knob 32 to allow Sufficient clearance for posi 
tioning of the magnet 53 and, if necessary, the 
bracket 53 is also lowered to facilitate this posi 
tioning. When the electromagnet 53 is properly 
positioned, the bracket 53, if lowered, may be ele 
wated slightly to bring the pulley 5 adjacent the 
lower Surface of the electromagnet and the dis 
charge element assembly 2 is lowered, by the 
operation of its knob 32, to position the pointed 
lower end of the electrode 33 in the upper 
end of the central opening through the electro 
magnet 53. This electromagnet is So construct 
ed that, When provided With electrical cur 
rent from a suitable source of Supply, which may 
be a portion of the power pack 23, a magnetic 
field extends through the electronagnet and Sur 
rounds the lines of force between the discharge 
electrode and receiving means So that the Said 
lines of force are prevented from radial divergence 
and are constrained to move in substantially 
Straight lines. 
As mentioned in the earlier part of this de 

Scription, the filament forming apparatus is 
mounted upon a plate or member 22, which is 
pivoted upon the Supporting base or framework 
2. This is for the purpose of enabling the ap 
paratus to be tilted from the vertical position 
shown in Figs. 1, 2 and 3, so that the band or 
belt 50 may provide a supporting surface for the 
formed thread or filament thereon, the latter be 
ing held in engagement with the belt by the force 
of gravity. To effect this tilting, the base 2 is 
provided adjacent either side and towards the 
front thereof with threaded bosses 58 through 
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which adjusting screws 59 are adapted to be 
threaded to engage the ends of the latter with 
the lower side of the table or plate 22. Conse 
quently, by turning the adjusting Screws 59 SO 
as to thread them through the bosses 58, the 
table 22 may be tilted thereby tilting the entire 
apparatus mounted thereon, see Fig. 10. While 
the apparatus has been shown as mounted in a 
vertical position and provision has been made for 
tilting the latter with respect to the vertical, it 
will be apparent that the belt 50 and the dis 
charge element may be disposed Substantially 
horizontally if desired and the apparatus tilted 
with respect to such horizontal position. Also, in 
Some instances, it may be desirable to have the 
plane of the discharge electrode extend at an 
angle with respect to the belt 50, especially when 
the latter is in a horizontal position, and all such 
changes in the apparatus are envisioned as com 
ing Within the scope of the invention. 

Figure 12 illustrates a different form of dis 
charge element or means which is employed with 
the apparatus previously described when it is 
desired to form a hollow or tubular filament. 
When employing the apparatus for forming a 
filament of this type, the belt 50, as shown in 
Figs. 1 through 10, is replaced by a somewhat 
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wider belt 50a and which preferably has a groove 
of Suitable Width to accommodate and support 
the formed filament. The upper belt pulley 5 
will also have been replaced by a similar pulley 
5d of sufficient width to accommodate the wider 
belt 56a and the lower belt pulley 52 will like 
Wise be replaced. The discharge means employs 
the same housing 23, sleeve 27, nut 36, Screw 38 
and precharge electrode 44 as previously de 
scribed. Likewise, a housing 42, with a heat 
exchange coil 3, is preferably provided adjacent 
the lower end of the housing 28 and of the dis 
charge electrode and the assembly is supported 
in the same manner as is shown in Fig. 3. Also, 
an electromagnet 53 is preferably employed in 
termediate the discharge electrode and the re 
ceiving means to properly create a magnetic field 
and thereby prevent divergence of the lines of 
force and maintain the latter in Substantially 
straight lines. 
The discharge electrode 33d differs from the 

electrode 33, however, in that the electrode 33a 
is hollow and is rotatably supported in a sta 
tionary insulating sleeve 340 by bearing bushings 
66 and 6?. The upper portion of the discharge 

electrode 33d, which extends above the sleeve 
34a, has a pulley 62 of insulating material con 
nected thereon for effecting rotation of the ele 
ment 33d, the pulley and electrode being driven 
by a suitable belt 63, which is in turn driven by 
any Suitable means, as, for example, by a pulley 
On the motor 89. The upper end of the electrode 
33d is provided with an integral flange portion 
64 which is rotatable in a stationary housing 
member 65, there being a stationary air supply 
imeinber 8 threaded into the stationary member 
65 to prevent axial displacement of the elec 

trode 33d With respect thereto. Suitable pack 
ing means 65a may be interposed between the 
fange 64 of the electrode and the housing mem 
ber 65 to prevent leakage of air therebetween. 
The member 66 has a central opening there 
through in communication with the central 
Opening through the electrode 33d to enable fluid, 
Such as air under pressure, to pass therethrough 
and discharge from the lower end of the member 
33d. By maintaining a constant flow of air or 
other fluid through the electrode at a substan 
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tially constant pressure, the filament which is 
formed between the discharge element, and the 
receiving means will he hollow, since the sidewall 
thereof is prevented from collapsing by tie fluid 
preSSure acting through the filament. Electrical 
Connection to the electrode 33d is effected by 
means of a suitable threaded portion f6, pro 
vided on the member 65, so that the transfer po 
tential may be applied to the electrode 33d by 
means of attaching wire 48 to the threaded por 
tion 67 with the aid of a Suitable nut. The fila 
Inent forming naterial is Supplied to the interior 
of the housing 28 through an opening 40, which 
is in communication with the pipe or conduit is 
leading to the jars containing the material, as 
previously described and the apparatus is in 
other respects the same as that previously de 
Scribed. 
The Operation of a filament forgning apparatus 

employing the discharge means, illustrated in 
Fig. 12, is Substantially the same as that de 
scribed with respect to Figs. through 11, and, 
hence, need not be repeated, it being sufficient to 
note that the provision of the hollow rotating 
electrode 33d, with the Supply of air or other 
fluid under pressure therethrough, causes the re 
Suiting filament to be hollow. The wall thick 
neSS of this hollow filament or tube is maintained 
Within close tolerance by means of the magnetic 
field provided by the electromagnet 53, which 
constrains the lines of force between the dis 
charge electrode and the receiving means to act 
in Straight lines. In Some instances, however, 
this electromagnet may be moved to its inoper 
ative position and tubes or hollow filaments may 
be formed without its aid. 

FigS. 13 and 14 illustrate a modification which 
permits the formation Cf composite filiaments 
from both liquid and finely divided solid mate 
rial, Such as lint, fibers, and powdered substances 
of various types. AS shown in Fig. 13, the dis 
charge electrode 33, its insulating sleeve 34, and 
the housing 28 and sleeve 37 surrounding them 
are all constructed in the same nanner as shown 
and described with respect to Fig. 3, and, hence, 
bear the Sane reference numerals. Likewise, 
the housing 28 has an opening 48 through which 
the filament forming material is supplied, as 
previously described, and this housing also pref 
erably has a precharge electrode 44. However, 
the housing 42 shown in Figs. 1 to 4, is replaced 
by a housing 69, which Surrounds the lower end 
of the housing 28 and has a lower opening through 
Which the Outer end of the discharge elec 
trode 33 projects. The housing f S9 provides an 
annular chamber about the discharge electrode 
to which the powdered or finely divided material 
is Supplied in a nanner providing a SWirling ac 
tion thereof about the electrode, so that the said 
material comes into thorough contact with the 
liquid material previously supplied thereto and 
adheres thereon. The depositing of the finely 
divided material upon the electrode is probably 
aSSisted in part by the electroStatic field asso 
ciated with the discharge element and also pos 
sibly by the precharge electrostatic field. In any 
event, both the liquid and the powdered or fine 
ly divided materials are transferred from the 
discharge electrode 33 to the receiving means 49 
as a single, composite filament, the receiving 
means and other elements of the apparatus be 
ing the same as previously described and, hence, 
are not further illustrated. 

In the form of the device illustrated in FigS. 13 
and 14 a heat exchange coil, similar to 43, may 
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16 
be employed in the housing f69 adjacent the up 
per end of the latter to facilitate the flow of the 
liquid material. Likewise, a magnetic field, 
Such as that provided by the electromagnet 
f53, may be employed between the discharge elec 
trode and the receiving means, as in the forms of 
the apparatus previously described, this electro 
magnet being illustrated in its inoperative posi 
tion in Fig. 13. Since the heat exchange coil 
is the Sane and functions in the same manner 
as in the form of the apparatus illustrated in 
Figs. 1 through 10, illustration and detailed de 
Scription thereon is not deemed necessary. It 
will also be understood, that by employing a dis 
charge electrode of the type illustrated in Fig. 12 
in place of the element 33, and by employing a 
correspondingly Wider belt on the: receiving 
means, filaments of tubular or hollow form may 
be produced Of composite materials. 
The Supplying of the powdered or other finely 

divided material to the housing 69 is prefer 
ably effected by an aspirating action, produced by 
connecting a Source of fluid under pressure to 
the conduits 79 and 7, respectively, which are 
connected with the integral, tangentially extend 
ing ducts or pipes t2 and 73 of the housing 69. 
Each of the ducts or pipes 2 and 73 is pro 
vided, adjacent its connection with the Wall of 
the housing 69, with a nozzle member, such as 
174, thereby providing a restricted orifice, 
through which air or other fluid under pressure 
flows with increased velocity, and being tangen 
tially disposed, produces a Swirling action 
about the discharge electrode. The velocity of 
the flow of air or other fluid through the pipes 
or ducts 2 and 73, is utilized to transport the 
finely divided material by providing branch con 
nections or ductS 5 and 6 for the ducts 72 
3 respectively, interimediate the ends of the 

latter. The Outer ends of the branch connec 
tions 75 and 76 are each surrounded by a con 
tainer or tank T. and 78, which are closed 
and sealed by removable tops 79 and 80, re 
spectively. The tanks fill and 78 may be 
deemed Stir-up tanks or containers. Since their 
purpose is to thoroughly agitate or stir the fine 
ly divided material and facilitate its movement 
therefrom by the aspirating effect of the air 
or fluid under pressure moving past the lower 
ends of the branch ducts 75 and 76. 
The powdered or other finely divided material 

is supplied into each of the stir-up tanks 7 and 
| 78, through pipes or conduits f8 f and 82, ex 
tending through the tops or caps 79 and 80, 
respectively. The finely divided material, which 
may be substantially in the form of dust, is pref 
erably moved through these pipes or conduits 8 
and 82 by fluid, such as air, under pressure, 
So that the material intermixed with air flows 
like a fluid into the tanks 7 and 78 at the top 
and adjacent the side wall, thereof, with the 
result that a stirring or agitating action is ef 
fected therein. Each of the branch ducts or 
pipes 75 and 76 extends upwardly within its 
corresponding tank to a point adjacent the top 
thereof So that the removal of the material there 
from is adjacent the top or cap, thereby fur 
ther insuring complete agitating or stirring of 
the material. Within the tank S. The rate of 
Withdrawal of the finely divided or powdered ma 
terial may be regulated either by means of valves, 
such as 83 and 84, cooperating with the upper 
ends of the associated ducts or pipes f 5 and 
f76, or by regulating the rate of flow of the fluid 
under pressure through the conduits 72 and 73 
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by operation of valves 85 and 86 interposed 
therein. The operation of this form of device 
for Supplying materials of diverse nature in fluid 
form to thereby produce a composite filament 
Will be readily apparent from the previous de 
tailed description of the form of the invention 
shown in FigS. l through 11 and, hence, need not 
be repeated. 

FigS. 15, 16 and 17 illustrate an additional 
modification which adapts the apparatus for the 
production of relatively wide, flat filaments such 
as ribbons or the like. In this form of the ap 
paratus the discharge electrode comprises a con 
ductive portion 33b, Substantially like the elec 
trode 33 shown in Fig. 3, and is surrounded by an 
insulating sleeve 34b, the electrode being Sup 
ported in a housing 28 and sleeve 37 as previous 
ly described. The lower end of electrode 33b, 
however, is not pointed but terminates in a rela 
tively wide, thin portion which is longitudinally 
split parallel to the greatest transverse dimen 
sion thereof and has a plurality of downwardly 
extending fingers or teeth 8 supported within 
the opening thus provided. These teeth 87 are 
substantially needle-like in shape and are se 
cured by welding or soldering in parallel rela 
tionship so as to have somewhat the appearance 
of a comb. The needle-like projections or teeth 
87 are laterally aligned and have their lower 
ends terminating in substantially the Same plane 
So that, while the filament forming material 
moves therefrom in separate streams, these 
streams unite closely adjacent the lower ends of 
the projections or teeth into a single ribbon 
Or band. 
The discharge electrode just described cooper 

ates with a receiving means, comprises a belt 50b 
similar to the belt 50 previously described except 
that the belt 50b is wider and has a groove of suit 
able width and configuration for supporting the 
ribbon-like filament formed, See Fig. 17. Due to 
the width of the belt 50b and since the plane of 
the projections or teeth 87 must be at right 
angles to the path of travel of the belt, the latter 
has been shown as mounted upon the standard 
or column 25 to travel in a path disposed at right 
angles with respect to the path of the belt 59. 
This may be effected by means of suitable 
brackets and does not alter the operation of the 
device from that described and hence the Opera 
tion of an apparatus employing this type of dis 
charge electrode need not be repeated. 
The modification illustrated in Figs. 15 and 16 

is capable of supplying both liquid and finely 
divided solid material to the discharge electrode 
to produce a composite filament. Therefore, the 
housing 28 is provided with a housing f69a similar 
to the housing 69 except that the ducts or pipes 
72a and 73a of the housing 69a are disposed 

substantially radially and the nozzles T4a are 
disposed on either side of the discharge electrode 
and have Substantially the same width as that of 
the comb-like portion of the latter. The nozzles 
74a are, of course, restricted so that the finely 

divided material is moved to the discharge elec 
trode as previously described with respect to Fig. 
13. In the instant form of the apparatus, how 
ever, there is no Swirling action of the finely 
divided material in the housing 69a, the ma 
terial being now directly blown upon the elec 
trode. 

It Will be readily understood that a magnetic 
field, Such as provided by an electromagnet 53, 
may be employed with the forms of the appa 
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others previously illustrated which are like those 
shown in Figs. 1 through 11 having been omitted 
Simply to simplify the disciosure of the parts 
Which are different. It will also be understood 
that, by simply terminating the supply of the 
finely divided material, as by closing the valves 
Such as 85, 86 and/or 83, 84, the empodiments 
shown in Figs. 13 to 16 will produce filaments 
from liquid material only. 
While the invention has been illustrated and 

described in considerable detail as embodied in 
different forms of apparatus, it will be apparent 
that numerous changes and alterations may be 
inade in the Specific details illustrated and de 
Scribed without departing from the spirit of the 
invention; and, hence, the several forms of ap 
paratus herein illustrated and described are to 
be considered only as illustrative of practical em 
bodiments of the invention and not as limitations 
thereon. 

Having thus described the invention, I claim: 
1. An apparatus for producing a continuous 

filament from electrically chargeable material in 
fluid state comprising, a stationary discharge 
element, a receiving means including a rotating 
electrode aligned with but spaced from said dis 
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charge element and insulated therefrom, means 
in communication with the exterior of said dis 
charge element for supplying the filament form 
ing material to the exterior surface thereof to 
flow therealong as a film, a source of high po 
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tential direct current electrical energy, and con 
ductive means respectively connecting said dis 
charge element and said electrode to terminals 
of Opposite polarity of said source of electricai 
energy thereby creating a material transferring 
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electrical potential difference between said sta 
tionary discharge element and said rotating elec 
trode whereby the said material film on the ex 
terior of the discharge element migrates from 
the said element to Said electrode in a continuous 
and individual filamentary form under influence 
of the electrical lines of force therebetween and 
the formed continuous and individual fiament 
is removed from the Space between said element 
and electrode by rotation of the latter. 

2. An apparatus as defined in claim 1 and fur 
ther comprising heat exchange means cooper 
atting With Said discharge element and a portion 
of the Said means for supplying fluid material to 
the exterior of said element to thereby regulate 
the consistency of the fluid filament forming ma 
terial as it is applied as a film to the exterior of 
Said element. 

3. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid state comprising, a discharge element, a re 
ceiving means including a movable member 
Spaced from Said discharge element and electric 
ally insulated therefrom, means in communica 
tion with said discharge element for supplying 
the filament forming material thereto, an elec 
trical circuit interconnecting said discharge ele 
ment and receiving means with a source of high 
potential electrical energy, thereby producing an 
electrical potential difference between said ele 
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ment and receiving means causing the said ma 
terial to migrate from the element to the said 
member in filamentary form, means moving said 
member relative to said discharge element to 
thereby deliver the formed filament from said 
member, and means for creating a magnetic field 
between Said discharge element and movable 
member with the polarity of said field directed to 

ratus shown in Figs, 13 to 16, this feature and 5 substantially prevent divergence of the electrical 
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lines of force between said element and member. 
4. An apparatus as defined in claim 3 and fur 

ther comprising means for electrically precharg 
ing the said filament forming material before it 
is subjected to said potential difference between 
said discharge element and receiving means. 

5. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid state comprising, a stationary discharge ele 
ment, a receiving means including a flexible band 
and a means supporting said band for movement 
adjacent an end of said discharge element and 
spaced therefrom, means in communication with 
the exterior of said discharge element for Supply 
ing the filament forming material to the exterior 
surface thereof to flow as a film therealong to 
said end thereof, an electrical circuit intercon 
necting said discharge element and receiving 
means with a source of high potential electrical 
energy, thereby producing an electrical potential 
difference between said element and receiving 
means causing the film of said material to mi 
grate from the said end of the discharge element 
to the said band in a continuous and individual 
filamentary form, and means for moving said 
band relative to said discharge element to thereby 
deliver the formed continuous and individual fila 
ment from said receiving means. 

6. An apparatus as defined in claim 5 and full 
ther comprising means for electrically precharg 
ing the said filament forming material before it is 
subjected to said potential difference between said 
discharge element and receiving means, said pre 
charging means including a second electrical cir 
cuit separate from and independent of the first 
mentioned electrical circuit. 

7. An apparatus as defined in claim 5 and 
wherein Said discharge element has the end 
thereof adjacent said receiving means provided 
with a plurality of substantially parallel projec 
tions the lower ends of which are substantially co 
planar whereby the film flowing along the ex 
terior Surface of the element flows Over the ex 
terior of Said projections and when migrated 
therefron by the electrical potential difference 
between the discharge element and receiving 
means the filament produced is in the nature of 
a band or ribbon. 

8. An apparatus as defined in claim 5 and 
Wherein the Said band is metallic and is electri 
cally connected in Said electiical circuit thereby 
constituting an electrode cooperating with said 
discharge element for effecting the said con 
tinuous and individual filamentary migration of 
the film of material from the said end of the dis 
charge element. 

9. An apparatus as defined in claim 5 and fur 
ther comprising heat eXchange means cooperating 
With said discharge element and a portion of the 
Said means for Supplying fillid material to the 
exterior of said element to thereby regulate the 
consistency of the fluid filament forming material 
as it is applied as a film to the exterior of said 
element. 

10. An apparatus for producing a continuous 
filament from electrically chargeable material in 
a fluid state comprising, a stationary discharge 
element, a receiving means including a flexible 
band and a means supporting said band for move 
ment adjacent an end of said discharge element 
and Spaced therefron, means in communication 
With the exterior of said discharge element for 
Supplying the filament forming material to the 
exterior Surface thereof to flow therealong as a 
film to Said end of the element, an electrical cir 
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cuit interconnecting said discharge element and 
receiving means with a source of high potential 
electrical energy, thereby producing ain electrical 
potential difference between said eleinent and 
receiving means causing the said film of the ma 
terial to migrate from the end of the discharge 
element to the said band in a continuous and 
individual filamentary form, means heating Said 
band whereby solidification of the said nigrated 
material into its continuous and individual fila 
mentary form is facilitated by the heat in parted 
thereto, and means for moving said band relative 
to said discharge element to thereby deliver the 
formed filament from Said receiving iraeans. 

11. An apparatus OS defined in claim 10 and 
Wherein the Said band is metallic and carries the 
formed continuous and individual filament 
through Said heating means So that both the 
band and the continuous and individual filament 
are heated. 

12. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid State comprising, a discharge eigiient, a 
receiving means including a flexibie band and 
means supporting said band for noverient ad 
jacent an end of Said discharge element and 
Spaced therefron, a means in communication 
With Said discharge element for supplying the 
filament forming material thereto, an electrical 
circuit interconnecting said discharge element, 
and receiving means with a Source of high po 
tential electrical energy thereby producing an 
electrical potential difference between the said 
element and receiving means causing the Said ina 
terial to migrate from the former to the latter 
in filamentary form, means for creating a mag 
netic field between said discharge element and 
Said receiving means with the polarity of said field 
directed to Substantially prevent divergence of the 
electrical lines of force between said eleinert and 
receiving means, and means moving said band 
relative to Said discharge element to thereby de 
liver the formed filament from said receiving 
eaS. 
13. In an apparatus for producing a composite 

continuous filament, a housing having an opening 
means Supplying fluid filament forming naterial 
to Said housing, a discharge element supported 
in Said housing and extending through said open 
ing with sufficient clearance to permit flow of 
Said material as a relatively thin film over the por 
tion of Said element extending from the housing, 
and means Supplying finely divided material to 
Said discharge element intermediate its outer end 
and the said housing. 

14. An apparatus of the type defined in claim 
13 and wherein said means Supplying finely di 
Vided material to said discharge element includes 
a Second housing defining a Substantially annu 
lar chamber about the Said portion of said dis 
charge element intermediate its outer end and 
the first-mentioned housing, and conduit, means 
through which the Said finely divided material is 
introduced into said chamber, the said conduit 
means being connected to said chamber so as 
to cause the finely divided material to be deposited 
upon the fluid carried by the said discharge ele 
ment. 

15. An apparatus of the type defined in claira 
14 and in which the said conduit means are con 
nected tangentially to said chamber thereby pro 
viding a Swirling motion of the finely divided ina. 
terial about the said discharge element. 

16. The combination as defined in claim 13 
and in which the Said means for supplying finely 
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divided material comprises a second housing sur 
rounding the said portion of the discharge ele 
ment intermediate its outer end and the first 
mentioned housing, a conduit connecting said 
Second housing with a Source of fluid under pres 
Sure, and means connecting said conduit inter 
mediate its ends With a source of finely divided 
material, the last-mentioned means including a 
tank connected to said conduit in a manner Such 
that the flow of fluid through the conduit pro 
duces an aspirating effect in said tank for the 
withdrawal of material therefrom, and valve 
means for adjusting the rate of withdrawal of 
said finely divided material from said tank. 

17. An apparatus for producing a composite 
continuous filament fron electrically chargeable 
material in a fluid state and finely divided ma 
terial comprising, a discharge element, a movable 
receiving member spaced from said discharge ele 
ment and electrically insulated therefrom, means 
in Communication. With the exterior of Said dis 
charge element for supplying fluid filament form 
ing material as a film to the exterior Surface of 
the element, means in communication with the 
exterior of Said discharge element for Supplying 
finely divided material to said film on the ex 
terior SUrface of the element, an electrical cir 
cuit interconnecting said discharge element and 
receiving member With a source of high potential 
electrical energy thereby producing an electrical 
potential difference between said element and 
member causing the said film and finely divided 
material to nigrate from the element to the men 
ber as a Single composite continuous filament, and 
a means moving said receiving member relative 
to Said discharge element thereby delivering the 
formed filament from said receiving member. 

18. An apparatus as defined in claim 17 and 
Wherein the said receiving member is a flexible 
metallic band. 

19. An apparatus as defined in claim 17 and fur 
ther comprising means for electrically precharg 
ing the fluid filament forming material before it 
is Subjected to said potential difference between 
said discharge element and receiving member said 
precharging means including a second electrical 
circuit separate from and independent of the 
first mentioned electric circuit. 

20. An apparatus for producing a composite 
continuous filament from electrically chargeable 
material in a fluid state and finely divided mate 
rial comprising a discharge element, a movable 
receiving member spaced from said discharge 
element and electrically insulated therefrom, 
means in communication with said discharge ele 
ment for Supplying fiuid filament forming mate 
rial thereto, means in communication with Said 
discharge element for supplying finely divided 
material thereto, an electrical circuit intercon 
necting said discharge element and receiving 
member With a Source of high potential electrical 
energy thereby producing an electrical potential 
difference between said element and member 
causing the said materials to migrate from the 
element to the member as a single composite fila 
ment, means creating a magnetic field between 
said discharge element and receiving member 
With the polarity of said field directed to Substan 
tially prevent divergence of the electrical lines of 
force between said element and member, and 
means moving said receiving member relative to 
said discharge element thereby delivering the 
formed filament from said receiving member. 

2i. An apparatus for producing a continuous 
filament from electrically chargeable material in 
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fluid state comprising a hollow rotatable dis 
charge element, a movable receiving member 
Spaced from Said discharge element and elec 
trically insulated therefrom, means in communi 
cation With the exterior of said discharge element 
for Supplying the filament forming material 
thereto, means for conducting fluid under pres 
sure to the interior of said discharge element, an 
electrical circuit interconnecting said discharge 
element and receiving member with a source of 
high potential electrical energy thereby produc 
ing an electrical potential difference between said 
element and member So that the materia mi 
grates from the element to the member in hollow 
filamentary form, means creating a magnetic 
field between said discharge element and receiv 
ing member with the polarity of said field di 
rected to substantially prevent divergence of the 
electrical lines of force between said element and 
member, and means moving said receiving men 
ber relative to said discharge element, to thereby 
deliver the formed filament from said receiving 
member. 

22. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid state comprising a hollow rotatable dis 
charge element, a receiving means including a 
flexible band and a means supporting said band 
for movement adjacent an end of said discharge 
element and spaced therefrom, means in com 
munication with the exterior of Said discharge 
element for supplying the filament forming ma 
terial thereto, means for conducting a fluid under 
pressure to the interior of said hollow element, 
an electrical circuit interconnecting said dis 
charge element and receiving means with a source 
of high potential electrical energy thereby pro 
ducing an electrical potential difference between 
said element and receiving means causing the 
Said material to migrate from the discharge ele 
ment to the receiving means in a hollow fila 
mentary form, and means moving said band 
relative to said discharge element to thereby de 
liver the formed filament from Said receiving 
63S. 
23. A combination as defined in claim 22 and 

further comprising means cooperating with said 
band to heat the latter and the filament carried 
thereby. 

24. A combination as defined in claim 22 an 
further comprising means for producing a mag 
netic field between said discharge element and 
said receiving means with the polarity of Said 
field directed to substantially prevent divergence 
of the electrical lines of force between Said ele 
ment and receiving means. 

25. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid state comprising, a discharge element, a 
receiving means including a movable member 
spaced from said discharge element and elec 
trically insulated therefrom, means for Supply 
ing the filament forming material to the exterior 
of said element to flow therealong as a film and 
including a plurality of containers for Said ma 
terial and means for selectively connecting One 
or more of said containers with said discharge 
element to supply material to Said element, an 
electrical circuit interconnecting Said discharge 
element and receiving means With a Source of 
high potential electrical energy thereby produc 
ing an electrical potential difference between 
said element and receiving means causing the 
film of said material to migrate from the exterior 
of the element to the said member in a continuin 
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ous and individual filamentary form, and means 
noving Said member relative to Said discharge 
element to thereby deliver the formed filament 
from Said member. 

26. An apparatus as defined in claim 25 and 
wherein the said means for selectively connect 
ing one or more of said material containers With 
the exterior of said discharge element include 
valve means intermediate each of said containers 
and said discharge element. 

27. An apparatus as defined in clairn 25 and 
wherein the said containers are each Substantially 
air-tight and are each provided with a connection 
for the application of fluid pressure thereto, and 
the means for selectively connecting one or in Ole 
of said containers with the exterior of S&id dis 
charge element includes separate discharge con 
duits for said containers and Valve InleanS Opeia 
tively associated with each of Said Conduits to 
control the flow of filament forning material : 
therethrough. 

28. An apparatus as defined in claim 25 and 
wherein the said containers are each substan 
tially air-tight and are each provided with a con 
hection for the application of fillid preSSule 
thereto, and the means for selectively cennect 
ing one or more of said containers with the exter 
rior of said discharge element include separate 
'discharge conduits for said containers, valve 
means operatively associated with each of Saiei ; 
connections, and valve means operatively a SSO 
ciated with each of said conduits, whereby the 
container or containers Supplying the filianent 
forming material may be readily Selected and the 
rate of supply therefrom regulated. 

29. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid state comprising, a discharge element, a re 
ceiving means including a movable member 
spaced from said discharge element and elec 
trically insulated therefrom, means in communi 
cation with said discharge element for Supplying 
the filament forming material thereto, an elec 
trical circuit interconnecting said discharge ele 
ment and receiving means with a source of high 
potential electrical energy thereby producing an 
electrical potential difference between said ele 
ment and receiving means causing the said ma 
terial to nigrate from the element to Said inem 
ber in filamentary form, and means to adjust the 
space between said discharge element and Said 
receiving means without altering the rate of Sup 
ply of filament forming material thereto to there 
by control the cross sectional area of the filament 
formed. 

30. An apparatus as defined in claim 29 and 
wherein the said means for supplying the filament 
forming material thereto includes a housing sur 
rounding a portion of said discharge element with 
the said housing having an opening through 
which said discharge element extends With a 
clearance thereby regulating the fow of the ma 
terial through said opening, and the means for 
adjusting the space between said discharge ele 
ment and said receiving means includes means 
for moving said discharge element and housing as 
a unit towards or away from said receiving means. 

31. An apparatus as defined in claim 30 and 
further Comprising a heat eXchange IleanScoop 
erating with said housing and discharge element 
adjacent the opening of the former and the eX 
tending portion of the latter to thereby control 
the consistency of the fluid filament forming ma 
terial, 
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32. An apparatus for producing a continuous 

filament from electrically chargeable material in 
fluid state comprising a discharge element, a re 
ceiving means including a flexible band spaced 
from said discharge element and electrically in 
sulated therefrom, means for supplying filament 
forming material to said element, an electrical 
circuit interconnecting said discharge element 
and receiving means with a Source of high po 
tential electrical energy thereby producing an 
electrical potential difference between said ele 
ment and receiving means causing the Said ma-. 
terial to migrate from the element to said main 
ber in a filamentary form, means moving said 
member relative to said discharge element to 
thereby deliver the formed filament from Said 
member, a common supporting means for said 
discharge element and said receiving means, and 

60 

means for tilting said Supporting means at an 
angle with respect to a horizontal reference plane 
to thereby dispose said band so that the formed 
filament is retained upon said band by the force 
of gravity. w 

33. An apparatus as defined in claim 32 and 
further comprising means carried by said Support 
and connected With said discharge element to ef 
fect adjustment of said element selectively 
towards and away from said receiving means. 

34. An apparatus for producing a continuous 
filament from electrically chargeable material in 
fluid State comprising a base, a Support pivoted 
to said base, means cooperating with said base 
and Support for adjusting the angularity of the 
latter With respect to the former, a discharge ele 
ment carried by Said Support, a pair of pulleys 
rotatably mounted on said Support in Spaced re 
lationship to each other and to said discharge. 
element, a flexible metallic band trained over said 
pulleys, means to Supply fluid filament forning 
imaterial to said discharge element, an electrical 
circuit interconnecting said discharge element 
and Said band with a source of high potential 
electrical energy, thereby producing an electrical 
potential difference between said element, and 
band causing the said material to migrate from 
the element to said band in filamentary form, 
means for electrically precharging the said fila 
ment forming material before it. is Subjected to 
Said potential difference between said discharge 
element, and band, said precharging means in 
cluding a second electrical circuit. Separate from 
and independent of the first mentioned electrical 
circuit, and means rotating said pulleys thereby 
moving Said band to deliver the formed filament 
therefrom, 
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