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ABSTRACT: Apparatus for making netlike structures wherein 
groups of strands of paired groups of strands are periodically 
shifted to provide different pairs of such groups. Means are 
also included in such apparatus for rotating each paired group 
of strands about an axis between the groups of each such pair, 
with the strands in each such group nearest to such axis being 
rotated only 180° while the remaining strands on each such 
group are turned through an angle of at least 360. 

  



PATENTED JUL1397 3, 59.894 

\,\ N7 thrhard-hr h 
se 

hiri 
CASE"Et 

S 

  



3,591,894 

APPARATUS FOR MAKENG NETSTRUCTURES 

The present invention relates to an apparatus for making a 
netlike structure by extrusions. 

in U.S. Pat. No. 3,331,903 there is disclosed a method and 
apparatus for making a net from plastic material by extruding 
a plurality of pairs of monofilaments of plastic material in such 
a manner that the filaments in each pair are spaced from each 
other in a first direction and the pairs of filaments are spaced 
from each other a given distance in a second direction. The 
monofilaments of each pair of filaments are revolved, at the 
moment of their extrusion and before being solidified, about 
an axis extending between the filaments of each pair of fila 
ments so as to twist the filaments of each pair together and to 
thus integrally connect the filaments. One of the filaments of 
each pair of filaments is then moved in a second direction a 
distance equal to the spacing between pairs of filaments while 
continuing the extrusion of the filaments, after which pairs of 
filaments are again revolved as heretofore described By con 
tinuously repeating the above steps and setting of the extruded 
filaments of plastic material, a netlike structure is provided. 

In my U.S. Pat, application entitled METHOD FOR CON 
TINUOUSLY EXTRUDING NETLIKE STRUCTURES, Ser. 
No. 825,210, filed May 16, 1969, there is disclosed a method 
of making netlike structures of woven or braided monofila 
ments using an apparatus similar to that described in U.S. Pat. 
No. 3,331,903. 

Netlike structures produced in accordance with the method 
described in U.S. Pat. No. 3,331,903 are rather stiff and, in 
general, do not possess a desired bulk or esthetic appeal which 
would encourage their use as replacements for conventional 
woven fabrics. Netlike structures formed by the method dis 
closed in the above-noted pending U.S. Pat. application also 
lack bulk and, although such structures have unbonded inter 
laced strands the strands are free to shift relative to each other 
when subjected to loads, thus causing distortion of the mesh 
openings thereof. Accordingly, a primary object of this inven 
tion is the provision of a new or improved and more satisfacto 
ry apparatus for making netlike structures, 
Another object of this invention is to provide an apparatus 

for making a netlike structure which possesses better strength 
and/or bulk than conventional netlike structures and is 
decorative in appearance. 

Still another object is an apparatus for making a netlike 
structure having unbonded interlaced strands which are stabil 
ized against excessive shifting relative to each other. 
A further object is the provision of a new or improved extru 

sion apparatus for making netlike structures having multiple 
strands extending between adjacent strand junctions. 
A still further object is the provision of an apparatus for 

continuously extruding netlike structures which are formed of 
strands and have junctions at each of which strands are 
disposed in crossing relationship with each other and are ent 
wined by other strands. 
A still further object is to provide an apparatus for making 

netlike structures formed of a pair of webs having strands and 
strand junctions in which the strands of one web are entwined 
about crossing strands of the other web and are also inter 
woven with strands of such other web. 
These and other objects are accomplished in accordance 

with the present invention by an apparatus in which a plurality 
of separate groups of spaced streams of strand-forming 
material are continuously extruded with, the groups being ar 
ranged in pairs and the pairs of groups being spaced from each 
other a given distance along a common plane which extends 
between the groups of each pair of groups. Each pair of groups 
of streams are revolved about the axis which extends between 
the respective groups of each such pair of groups with at least 
the stream in each such group which is nearest to its axis of 
revolution, but less than all the streams of each such group, 
being moved through an angle of 180° while the remainder of 
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360°. The groups of streams of each pair of groups are then 
moved relatively in a direction parallel to the common plane 
to rearrange at least certain of the groups of streams into pairs 
with other groups. The streams are set into strands concomi 
tantly with the extrusion thereof and by continuously repeat 
ing the above sequence of movements, simultaneously with 
the extrusion of the groups of streams of strand-forming 
material, netlike structures having desired patterns of strands 
and strand junctions are provided. 
As indicated by the term "group," at least two streams are 

included in each group. The respective groups of streams of 
each pair of groups may include a like or different number of 
streams. The maximum number of streams in each such group 
of streams will be controlled only by limitations imposed by 
the apparatus employed in the practice of the method and the 
ability to maintain the streams of each group in spaced rela 
tionship during the extrusion and setting thereof. The spacing 
between streams in the respective groups and the spacing of 
such streams from the axis extending between the groups of 
streams of each respective pair of groups may differ without 
adversely affecting the results obtained in the practice of the 
method with the apparatus of the present invention. 

Relative movement of the groups of each pair of groups may 
be effected, for example, by moving the groups of streams 
along one side of the common plane while the groups of 
streams along the opposite side of the common plane are held 
stationary. Alternatively, the groups of streams along opposite 
sides of the common plane may be moved in the same 
direction, but at different rates of speed, or in opposite 
directions relative to such common plane. When moved, the 
groups of streams along the respective sides of the common 
plane are moved in unison and at the same rate of speed. The 
rate at which relative movement of the groups of streams is ef 
fected may be changed periodically or randomly during the 
method to vary the pattern of strands in the finished netlike 
structure. 

Preferably, all the streams in the pairs of groups are moved 
in unison, at constant rates of speed, and in the same direction 
when such pairs of groups are revolved. That is, during any 
particular revolution of the respective pairs of groups, the 
streams thereof will all move in either a clockwise or counter 
clockwise direction about an axis between the groups of 
streams of each such pair of groups. Desirably, the streams of 
each paired group of streams which are revolved through an 
angle of only 180' and the streams of such groups which are 
revolved through an angle of 360 commence and terminate 
their turning movements together. 
The above-described preferred method may be varied, for 

example, by having the streams of the respective paired 
groups which are being revolved through an angle of only 180° 
move at a different rate of speed than those streams of such 
groups which are being revolved through an angle of 360°. 
Although the streams of the respective groups which are to be 
revolved through a like angle must be moved in unison, the 
rate at which such streams are moved may be varied during 
the revolution thereof. Further, the streams of the respective 
groups which have been described as being revolved through 
an angle of 360' may be further turned through an angle of 
80' or multiple thereof so that the strands formed from such 

streams are not merely interlaced with other strands but are 
twisted about such other strands in the finished netlike struc 
ture, 

Essential for the satisfactory practice of the method with the 
apparatus of the present invention is that the direction of 
revolution of the pairs of groups of streams and the direction 
of relative movement of the groups in the pairs of groups be 
reversed after the respective alternate movement has been 
completed. Stated differently, the groups along one or both 
sides of the common plane which are moved parallel to the 
common plane are reversed in direction after each revolution 
of pairs of groups of streams, and the direction of revolution of 
pairs of groups of streams are also reversed after each move 

the streams of each such group are moved through an angle of 75 ment of groups of streams parallel to the common plane. For 
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example, in the instance where pairs of groups of streams have 
been revolved in a clockwise direction and the groups along 
only one side of the common plane have been moved to the 
left to provide for relative movement between the groups of 
the pairs of groups of streams, the rearranged pairs of groups 
of streams would now be revolved in a counterclockwise 
direction and would be followed by the groups along the one 
side of the common plane being moved to the right. 
By following the above procedure, the resulting netlike 

structure includes strands which are crossed or interlaced with 
each other into a web having a plain weave pattern, and 
strands which define a second web in which the strands are in 
terlinked with each other and are both interlaced with strands 
of the woven web and entwined about the same in their areas 
of crossing. If the streams from which the strands in the netlike 
structure is formed are only partially set and still tacky before 
contact therebetween or set only after they have contacted, 
the interlaced and interlinked strands will be bonded together 
at their locations of crossing so that strong, integral junctions 
will be provided. On the other hand, if the streams forming the 
strands of the netlike structure are set, at ieast on the surfaces 
thereof, prior to any contact therebetween, each strand 
remains independent of the others at their locations of 
crossing. In both instances, however, the interlinked strands 
will serve to at least partially stabilize and, in effect, lock 
strands of the woven web against movement in certain 
directions. 
More particularly, when revolving the pairs of groups of 

streams, the streams of the respective groups which are moved 
through an angle of only 180°, alternately with the movement 
thereof in directions parallel to the common plane, maintain 
the same direction of travel parallel to the common plane. In 
other words, a stream of a paired group of streams which was 
moved parallel to the common plane in a leftward direction 
will continue to be moved in the same leftward direction after 
the group which includes such stream has been revolved 
through an angle of only 180°. On the other hand, the streams 
of the respective groups of streams which are revolved 
through an angle of 360° are returned to their original posi 
tions and will either remain stationary or will be moved in a 
direction opposite to their prior movement when relative 
movements between the groups is effected. Thus, if groups 
each containing four streams are paired and two of each group 
are revolved through an angle of only 180° while the remain 
ing two of each group are turned through 360°, two of the 
strands formed from streams in such groups will merely cross 
two other streams. The remaining four strands will be ent 
wined about the crossing strands, with two extending in a 
clockwise direction and two in a counterclockwise direction. 
More particularly, apparatus of the present invention in 

cludes a plurality of nozzles, each being of semicircular con 
figuration and including a semicylindrical section and a mat 
ing semicircular section. The nozzles are arranged in spaced 
relationship along each of the opposite sides of a common 
plane, with their flat sides disposed along the common plane 
and with the nozzles along one side of the common plane 
being paired with like nozzles along the opposite side of the 
common plane. Each of the nozzle sections includes at least 
one extrusion orifice to which flowable strand-forming materi 
al is delivered and from which such strand-forming material is 
extruded as a continuous stream and set into a strand. 
Means are provided for relatively shifting the nozzles of the 

respective pairs of nozzles in directions parallel to the com 
mon plane to rearrange at least some of the nozzles along one 
side of the common plane into pairs with like nozzles along the 
other side of such plane. Operative alternately with the shift 
ing means are means for revolving the semicircular and the 
semicylindrical sections of the respective pairs of nozzles con 
comitantly about an axis extending centrally between such 
nozzles. 

Relative movement between the nozzles of the respective 
pairs of nozzles may be effected, for example, by holding the 
nozzles along one side of the common plane stationary while 
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4. 
the nozzles along the other side of such plane are 
reciprocated. Preferably, the nozzles along both sides of the 
common plane are reciprocated in 180° out-of-phase relation 
ship, with the means for revolving the semicircular and 
semicylindrical sections of the respective pairs of nozzles 
being operative alternately with each stroke of the nozzle 
reciprocating means. The nozzle revolving means includes 
means for moving the semicircular sections of the respective 
pairs of nozzles through an angle of only 180' and means for 
moving the semicylindrical sections of such respective pairs of 
nozzles through an angle of 360° alternately with the opera 
tion of the shifting means. 
As with conventional apparatus for making netlike struc 

tures, suitable means are provided for drawing the finished 
netlike structure away from the extrusion means itself. 
The teachings of the present invention are applicable for 

use with a variety of materials, which are referred to by the 
terms "plastic' or "strand-forming materials,' including 
materials which are thermoplastic, such as polyamides or su 
perpolyamides, polyesters, polyvinyl chloride, copolymers 
thereof, polyolefins, cellulose acetates, glass, metals, etc., 
natural or synthetic rubbers, thermosetting materials or wet 
spinnable materials, such as viscose, cupro-ammonium cellu 
lose, or carboxymethyl cellulose. Such materials may include 
various additives such as stabilizers, dyes, foaming agents, 
etc., if so desired. It will be apparent that the manner by which 
the extruded streams are set will depend upon the particular 
material which is being employed. 

For a greater understanding of this invention, reference is 
made to the following detailed description and drawing in 
which 

FIG. 1 is a front view of the apparatus of the present inven 
tion, with a portion of such apparatus being shown in section; 

FIG. 2 is a horizontal section taken substantially along the 
lines I-II of FIG. ; 

FIG. 3 is a partial vertical section taken transversely 
through the apparatus substantially along the line II-III of 
FIG. 2; and 

FIG. 4 is a diagrammatic illustration of a portion of one 
form of netlike structure formed with the apparatus of the 
present invention. 

With reference to the drawing, the apparatus of the present 
invention includes a pair of vertical support members 15 and 
17 and a pair of channels 9 which are fixed to the upper por 
tions of the support members 5 and 17 in laterally spaced and 
opposing relationship with each other. Each of the channels 
19 includes a web 20, a pair of flanges 2i and 23, and a wall 25 
projecting from the channel web 20 and cooperating with the 
adjacent flange 21 to define a slot 27. Plates 29 and 31, ex 
tending through openings 33 and 35 in the support members 
5 and 17, are mounted for sliding movement along the slots 

27, with their opposing edges 37 and 39, respectively, in 
abutting relationship. 

Plates 41 ad 43 are also mounted for sliding movement rela 
tive to the channels 19 and are formed with edge portions 45 
of reduced thickness which are received within cor 
respondingly spaced slots 47 formed in the channel flanges 23. 
The plates 41 and 43 are also disposed with their opposing 
longitudinal edges in abutting relationship and appropriately 
shaped openings 49 and 5i are formed in the support mem 
bers 15 and 17, respectively, to accommodate such plates. 
The support members 15 and 17, channels 19, and the pairs 

of plates 29 and 31 and 41 and 43 together define a closed 
chamber 53. A flowable strand-forming material is delivered 
under pressure into the chamber 53 through a conduit 55 from 
a suitable source, not shown. Gaskets are provided along the 
edges of the openings 33, 35 and 49 and 51 in the support 
members 5 and 7 to prevent leakage of strand-forming 
material during sliding movement of the plates 29, 31, 4 and 
43 relative to such support members. A tank 57 is provided for 
containing a suitable setting liquid 59 in the area below the 
plates 29 and 31. 
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The abutting edges 37 and 39 of the plates 29 and 31 and 
the abutting edges of the plates 41 and 43 all lie in a common 
vertical plane. A series of like, equally spaced semicircular 
recesses 61 and 63 are formed along the edges 37 and 39 of 
the plates 29 and 31, respectively. A nozzle 65 is positioned 
within each of the plate recesses 6 and 63 and includes a 
semicylindrical section 67 and a mating semicircular section 
69. 

The nozzle sections 67 are each formed with an outer arcu 
ate wall 71, which conforms with the plate recesses 61 and 63, 
an inner arcuate wall 73, flat surfaces 75, and a flange 77 at its 
uppermost end which projects over and rests upon the top sur 
face of the respective plates 29 and 31. The nozzle sections 69 
are each formed with an arcuate wall 79, which conforms with 
the arcuate wall 73 in the nozzle sections 67, a flat wall 81 and 
a flange 83, the latter of which extends into a recess 85 formed 
in the top surface of the respective nozzle sections 67. 
The plates 41 and 43 are also provided with a series of like 

recesses 87 and 89 along the respective abutting edges, with 
the spacing between the recesses in such series being substan 
tially equal to that of the recesses 61 and 63 in the plates 29 
and 31. Like semicircular members 91, which may be of solid 
or closed construction, are positioned within the respective 
recesses 87 and 89. Each such member 91 includes an arcuate 
wall 93, which conforms to the recesses 87 and 89, and a flat 
wall 95. The semicircular sections 69 of the nozzles 65 and the 
members 91 are intended to move in unison with each other 
and thus each such nozzle section 69 is rigidly connected to an 
individual member 91 by a strut 97. 
Means are provided for longitudinally moving or shifting 

corresponding plates in the pairs of plates 29 and 31 and 41 
and 43 in unison at selected time intervals, as hereafter 
described. Of course, during such movement the flat surfaces 
of the respective nozzle sections and the flat surfaces of the 
members 91 are disposed in the common plane, as defined by 
the abutting surfaces of the pair of plates 29 and 31 and the 
pair of plates 41 and 43. Preferably, both of the plates of each 
such pair of plates are shifted longitudinally in opposite 
directions relative to each other, with corresponding plates in 
such two pairs of plates moving in unison. . 
The relative longitudinal movement between the plates 29 

and 31 is effected through pins 99 and 101 which project from 
the respective plates 29 and 31 and ride along grooves 103 
and 105 formed in opposing faces of cams 107 and 109. These 
cams 107 and 109 are like construction and are fixed, in i80 
out-of-phase relationship, to a shaft 111 which is supported by 
bearings, such as shown at 113, and is intermittently driven by 
suitable means, not shown. in the particular apparatus illus 
trated in the drawings, and as more fully described hereafter, 
the plates 29 and 31 are moved in opposite directions a 
distance substantially equal to one-half of the center-to-center 
spacing of the respective recesses 61 and 63 to thereby rear 
range the nozzles 65 which are carried by such plates into dif 
ferent pairs. 
Movement of the plates 29 and 3 is transmitted to the 

plates 41 and 43 through the struts 97 and members 91 so that 
corresponding plates in these two pairs of plates will move in 
unison with each other. If desired, a separate means may be 
provided for shifting the plates 41 and 43 in synchronism with 
the plates 29 and 3, respectively. 

Alternately with the longitudinal sliding movement of the 
pair of plates 29 and 31 and the pair of plates 41 and 43, the 
respective nozzle sections 67 and 69 of aligned or paired noz 
zies 65 are independently revolved, with the nozzle sections 
67 being turned through an arc of 360°, or further multiples of 
180°, while the nozzle sections 69 are carried through an arc 
of only 180°. This revolving movement of the nozzle sections 
67 is effected by gear racks 115 and 117 which are driven by 
segment gears 121 and 123 and are in meshing engagement 
with gear teeth 119 formed along the outer walls 71 of such 
sections. The channel flanges 21 are rabbeted at 125 and, with 
the plates 29 and 31, define guide slots for the racks 115 and 
117. For reasons as hereafter described, gear teeth are 
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6 
omitted from along selected lengths of the opposing sides of 
the racks 115 and 17, as indicated at 27 and 29. 

Revolving movement is likewise imparted to the nozzle sec 
tions 69 by racks 13, and 33 which mesh with semicircular 
gears 135 and 137 fixed to the upper ends of the members 91. 
Suitable means, not shown, are provided for maintaining the 
racks 131 and 133 in meshing engagement with the gears 135 
and 137. The racks 131 and 133 are each driven by a separate 
segment gear 139, with both such gears being driven in 
synchronized relationship to shift the racks 131 and 133 in op 
posite directions relative to each other. As with the racks 115 
and 117, teeth are omitted from selected lengths of each of the 
racks 13 and 33 for reasons as hereafter described. 

For the sake of simplicity, the nozzle sections 67 and 69 are 
each illustrated as having a single extrusion orifice 141 and 
143, respectively. It will be understood that the number of 
such orifices extending through the respective nozzle sections 
may be varied without departing from the teachings of the 
present invention. 
With the various elements of the apparatus in stationary 

starting positions as shown in FIGS. 1, 2 and 3, a flowable 
strand-forming material, such as molten thermoplastic materi 
al, is delivered under pressure into the chamber 53 through 
the conduit 55. Such flowable strand-forming material is con 
tinuously extruded from all orifices 141 and 143 in the nozzle 
sections 67 and 69 as streams which are set into strands in the 
liquid 59, which may be cool water. 
The cams 107 and 109 are now operated to shift the plates 

29 and 31 in opposite directions a distance equal to one-half 
of the center-to-center spacing of the respective plate recesses 
61 and 63 to thus align nozzles 65 in the plate 29 with different 
nozzles 65 in the plate 31. For example, the plate 29 may be 
moved to the left, as viewed in FIG. 2, while the plate 31 is 
simultaneously moved to the right to thereby rearrange the 
nozzles 65 along opposite sides of the common plane, as 
defined by the plate edges 37 and 39, into different pairs. Dur 
ing this movement, streams of strand-forming material are 
continuously extruded from the orifices 141 and 143 of all of 
the nozzle sections 67 and 69 and are merely moved in unison 
in directions parallel to the common plane. 
The members 91, being rigidly connected to the nozzle sec 

tions 69 by the struts 97, will move in unison with the nozzle 
sections 69 and will urge the plates 41 and 43 in the same 
directions as the plates 29 and 31, respectively. During the 
above-described stage of the method, the gear racks 115, 117, 
131 and 133 are not in meshing engagement with their driving 
segment gears and thus such racks are free to shift with the 
plates 29, 31, 41 and 43, respectively. 
The nozzle sections 67 and 69 of the rearranged pairs of 

nozzles 65 are now separately revolved. More particularly, the 
racks 115 and 117 are driven by the gears 121 and 123 in op 
posite directions relative to each other, as for example to the 
left and right, respectively, as viewed in FIG. 2. In this manner 
the nozzle sections 67 of each pair of aligned nozzles 65 are 
revolved in a clockwise direction. The degree to which the 
racks 115 and 117 are shifted must be such as to rotate the 
sections 67 of aligned nozzles 65 through a complete 360° cir 
cle. 

Concomitantly with the revolving of the nozzle sections 67 
of the paired nozzles 65, the nozzle sections 69 of such aligned 
nozzles 65 are revolved by shifting the racks 131 and 133 in 
opposite directions relative to each other by the segment gears 
39. The racks 3 and 133 are shifted in the same directions 

as the racks 115 and 117, respectively, but only to such degree 
as to revolve the nozzle sections 69 through an arc of only 
180°. 
During the revolving of the sections of aligned nozzles 65, 

the nozzle sections 67 carried by the plates 29 and 31 which 
are not paired or aligned with like nozzle sections 67 in the op 
posing of such plates will lie opposite to the portions 127 and 
129 of the racks 115 and 117, respectively. Since such rack 
portions 127 and 129 are free of gear teeth, no revolving 
movement will be imparted to the nozzle sections 67 which 
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are adjacent thereto when such racks are shifted. Likewise, 
the members 91 which are rigidly connected to nozzle sections 
69 of unpaired nozzles 65 will be disposed opposite to the por 
tions of the racks 3 and 133 from which teeth are omitted. 
Thus, no turning movement will be imparted to these particu 
lar nozzle sections 69 when the racks 131 and 33 are shifted. 
During the above-described movements of the nozzle sec 

tions of aligned nozzles 65, the nozzle sections 67, being 
revolved 360°, are returned to their original positions. The 
nozzle sections 69, however, are rotated through an angle of 
only 180' so that the sections 69 of each pair of aligned noz 
zles 65 merely exchange positions. That is, with the sections 
69 of the nozzles 65 which are carried by the plate 29 being 
transferred to the plate 3, and the sections 69 of nozzles 65 
carried by the plates 31 being transferred to the plate 29. 
The plates 29 and 31 are now reciprocated by the cams 107 

and 109 in the same manner as described above, except in op 
posite directions to their prior movement. As viewed in FIG. 2 
the plate 29 would not be moved to the right while the plate 31 
is moved to the left, with both such plates moving simultane 
ously a distance equal to one-half of the center-to-center spac 
ing between the plate recesses 61 and 63. The plates 41 and 43 
will also be shifted longitudinally in opposite directions rela 
tive to each other in a manner as heretofore described, with 
the plate 41 moving in unison with the plate 29 and the plate 
43 moving concomitantly with the plate 31. 

it will be noted that during this reciprocation of the plates 
29 and 31, most of the nozzle sections 69 of the nozzles 65 
which were heretofore paired and transferred from one of the 
plates 29 and 3 to the other thereof travel in the same 
direction relative to the common plane as they did during the 
prior reciprocation of such plates, More particularly, during 
the initial reciprocation of the plates 29 and 31, all nozzle sec 
tions 69 carried by the plate 29 were all moved to the left 
while all nozzle sections 69 carried by the plate 3 were all 
moved to the right. During the subsequent reciprocation of 
these plates, the plate 29 is moved to the right while the plate 
31 is moved to the left. The nozzle sections 69 of paired noz 
zles 65 are revolved through an arc of 180° in between such 
shifts of the plates, however, so that sections 69 of such paired 
nozzles are merely transferred from one plate 29 and 3 to the 
other thereof. Thus, except for the sections 69 of the endmost 
nozzles 65 in each such series of nozzles, the sections 69 will 
be moved in the same leftward or rightward direction relative 
to the common plane during both of the reciprocating move 
ments of the plates 29 and 31. The strands which are formed 
from the streams of strand-forming material extruded from the 
orifices 143 of these particular nozzle sections 69 are in 
dicated at 145 and 147, and as shown at junction A in FIG. 4, 
the strand 145 overies the stand 147. 
As heretofore mentioned, the sections 69 of the end most 

nozzles 65 are not turned when paired nozzles 65 in the plates 
29 and 31 are revolved and therefore, remain along the same 
side during both of the described reciprocating movements of 
the plates 29 and 31. For example, the section 69 of the nozzle 
65 shown at the extreme left of the plate 29 in FIG. 2 merely 
travels with the plate 29 when such plate is shifted to the left 
and subsequently to the right. This particular nozzle section 
69 will be transferred to the plate 31 when paired nozzles are 
subsequently revolved and will thereafter travel to the right, as 
viewed in FIG. 2, until it again becomes part of a nozzle which 
is located at one end of a series of nozzles. 
On the other hand, the nozzle sections 67 of the paired noz 

zles 65 which are returned to their original plates 29 and 31 
during each 360 revolution thereof will travel, during the last 
mentioned reciprocation of the plates 29 and 31, in a direction 
opposite to that in which they were moved during the initial 
reciprocation of such plates. The strands formed from the 
streams of strand-forming material extruded from the orifices 
141 of these particular nozzle sections 67 are indicated at 151 
and 153 and, as shown at junction A in FIG. 4, the strands 15 
and 153 are entwined about the crossing strands 145 and 147 
and are also interlaced with each other as well as with the 
strands 145 and 147. 
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Following the second described reciprocation of the plates 

29 and 31 relative to each other, the now paired nozzle sec 
tions 69 are each revolved by the racks 13; and 133 through 
only a 180 arc, with this movement being in a direction op 
posite to the previous revolution of paired nozzle sections 69; 
namely, in a counterclockwise direction as viewed in FIG. 2. 
As a result, the strands formed from the streans extruded 
from such sections 69 are disposed as shown at junction B in 
FIG. 4, with a strand 145 lying beneath a crossing strand 47. 
Concomitantly with the above-mentioned 80 revolution 

of the sections 69, the sections 67 of the paired nozzles 65 are 
turned through a complete 360° circle whereby strands 151 
and 153 formed from streams extruded from such sections, as 
shown at junction B, are entwined about the crossing strands 
145 and 147. As at junction A, and junction B the strands i51 
and 53 are interlaced with each other and with the strands 
145 and 47. It will be noted, however, that the strands 151 
and 53 each bend in opposite directions at junctions A and B. 

Reciprocation of the plates 29 and 31 is then effected by 
shifting the same in directions as initially described and is fol 
lowed by revolving the paired nozzle sections 67 and the 
separate but mating nozzle sections 69 in clockwise directions. 
By repeating the above-described steps, concomitantly with 
the extrusion and setting of the streams of strand-forming 
material a continuous netlike structure is provided having 
strand and strandjunctions as illustrated in FIG. 4. 
From the above description, and as shown in FIG. 4, strands 

145 and 147 extend diagonally of the netlike structure and are 
interlaced with each other to provide a web having a plain 
weave. That is, such diagonal strands 145 and 47 extend 
under a crossing strand at one junction and then over a 
crossing strand at an adjacent junction. On the other hand, the 
strands 15i and 153 extend along zigzag paths and are inter 
linked with each other to provide a second web. It will be 
further noted that the strands 145 and 147 pass over and 
under strands 5i and 53 of this second web at the different 
junctions and thus the strands of one web are interwoven with 
strands of the other of such strands. Of particular importance 
is that the strands 151 and 53, being entwined about the 
strands 45 and 47 at their crossing points, do restrict shift 
ing of the strands of the woven web relative to each other. 

If in the practice of the above-described method the ex 
truded streams are brought into contact while still in a tacky 
condition, the resulting strands will be adhered to each other 
at the strand junctions. Preferably, however, the streams are at 
least surface set prior to contact to provide a more flexible 
netlike structure. Variations from the netlike structure 
described may be provided, for example, by reciprocating the 
plates 29 and 31 further multiples of the center-to-center 
spacing between plate recesses 6 and 63 and/or by revolving 
the sections 67 of the paired nozzles 65 through arcs of 360° 
plus further multiples of 180°. With this latter procedure, the 
strands 5 and S3 formed from streams extruded from the 
nozzle sections 67 would he twisted one or more turns about 
the strands 45 and 47 at their crossing points. 

While the netlike structure has been described as being 
formed concomitantly of the manufacture of strands, netlike 
structures may be produced from preformed strands. In this 
instance, the preformed strands are merely laced through the 
nozzle orifices after which such strands and their supply 
sources are manipulated in accordance with the method, as 
described above. 

I claim: 
i. Apparatus for making netlike structures including a plu 

rality of nozzles each being of semicircular configuration and 
including a semicylindrical section and a mating semicircular 
section, said nozzles arranged in spaced relationship along 
each of the opposite sides of a common plane with their flat 
sides disposed along the common plane and with the nozzles 
along one side of the common plane being paired with like 
nozzles along the opposite side of the common plane, each of 
the nozzle sections having at least one extrusion orifice, means 
for delivering flowable strand-forming material to the nozzle 
orifices for extrusion therefrom as continuous streams, means 
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for setting into strands the streams of flowable strand-forming 
material extruded from the nozzle orifices, means for relative 
ly shifting the nozzles in directions parallel to the common 
plane to rearrange at least some of the nozzles along one side 
of the common plane into pairs with like nozzles along the 
other side of the common plane, and means operative al 
ternately with said shifting means for revolving the respective 
pairs of nozzles concomitantly about an axis extending cen 
trally between such nozzles with the semicircular sections of 
the respective pairs of nozzles being revolved through an angle 
of only 180 and the semicylindrical sections of the respective 
pairs of nozzles being revolved through an angle of at least 
360°. 

2. Apparatus as defined in claim 1 wherein said nozzle 
revolving means moves the semicylindrical sections of the 
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10 
respective pairs of nozzles through an angle of only 360' al 
ternately with the operation of said shifting means. 

3. Apparatus as defined in claim 2 wherein at least the 
means for moving the semicircular sections of the respective 
pairs of nozzles is operative to move said semicircular sections 
alternately in clockwise and counterclockwise directions al 
ternately with the operation of said shifting means. 

4. Apparatus as defined in claim 1 wherein said shifting 
means includes means for reciprocating the nozzles along one 
side of the common plane in 180° out-of-phase relationship 
with the nozzles along the opposite side of such common plane 
and wherein said revolving means is operative alternately with 
each stroke of said reciprocating means. 


