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Published May 11, 1943

Serial No. 163,602

ALIEN PROPERTY CUSTODIAN

METHOD AND APPARATUS FOR MOLDING
PERFORATED ELASTIC MATERIAL

Josef A. Grabee,

Bratislava,

Czechoslovakia;

vested in the Allen Property Custodian
Applieation flled September 13, 1937

This invention relates to a novel method and
apparatus for producing foraminous, elastic sheet
material.

More particularly, the present invention is a
continuation in part of my copending applica-
tions, Serial No. 709,607, filed February 3, 1934,
and Serial No. 24,943, filed June 4, 1935, both of
which relate to materials that are manufactured
according to the present invention.

Rubber, or rubberized materials are used for
all manner of garments, but inasmuch as my new
materials, although well suited for general uses,
are particularly adapted to corsets and girdles,
I shall, for the sake of brevity, refer to such gar-
ments as corseting materials,

Previously, rubber corseting materials have
been made by punching apertures either in a
sheet of rubber or in a sheet of combined fabric
and rubber. The products have not been satis-
factory for punched sheet rubber tears easily and
the relatively few holes in the sheet have been
wholly insufficient to permit transpiration from
the body. Consequently, rubber corseting mate-
rials have been hot, uncomifortable and frequently
irritate the skin.

In contradistinction to these perforated or
punctured materials, my improved material pos-
sSesses an open, regular gauze-like structure, It
is light, strong and open textured, permits free
transpiration and is well suited for use in bathing
suits or corsets.

It is the primary aim and object of the present
invention to devise a method and apparatus for
obtaining a composite sheet material, composed
of an elastic material, such as rubber, and of a
backing material, such as distensible textile fap-
ric, which requires no adhesive, which is of light
weight, well ventilated, and permits transpira-
tion, and which has good distensibility in any
direction, .

It is a more particular object of the present
invention to devise a method and apparatus for
molding sheets of an elastic material, such as
rubber, and distensible textile fabric, into a com-
posite material in which the two materials are
intimately united and in which substantially all
of the elastic material has been molded into a
new form which not only gives a maximum dis-
tensibility to the composite material with the

least amount of elastic material, but also provides :

for effective ventilation and complete transpira-
tion wherever worn.

It is another particular object of the present
invention to devise a method and apparatus for

molding the elastic stock material of the com- :
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posite material into such a form that the com-
posite material is particularly suited for holding
stitches when sewn.

It is another object of the present Invenhtion to
devise a method and apparatus for molding elas-
tic sheet material, such as rubber, into a new
form in which it is given excellent distensibility,
is well ventilated, and is very light in welght,

Before explaining in detail the present inven-
tion it is to be understood that the invention is
not limited in its application to the detalls of
construction and arrangement of parts illustrated
in the accompanying drawings, since the inven-
tion is capable of other embodiments and of heing
practiced or carried out in various ways. Also it
is to be understood that the phraseology or ter-
minology employed herein s for the purpose of
description and not of limitation, and it is not
intended to limit the invention claimed herein
beyond the requirements of the prior art.

In said drawings:

Fig. 1 is a side elevation of a machine in which
materials may be produced according to the
present method.

Fig. 2 is a longitudinal section of the machine,
taken substantiaily along the line 2—2 of Mg. 1.

Fig. 3 is an enlarged, fragmentary section of
the two supply materials which are to be molded
into a composite material in the present machine.

Fig. 4 is a cross-section of the machine {lus-
trated in Figs, 1 and 2, and of other structure
which may be used In conjunction with said
machine,

Fig. 5 is an enlarged, fragmentary section of
three supply materials which may be molded into
a composite material in the present machine.

Fig. 6 is a fragmentary view of an element of
the machine, to wit, a “pin® roll.

Fig. 7 is a fragmentary view, partly in section,
of a modified construction of sald “pin” roll.

Fig. 8 is an enlarged, fragmentary perspective
view, partly in section, of one form which the
teeth of the “pin” roll in Pig. 6 may assume.

Fig. 9 is an enlarged, fragmentary perspective
view, partly in section, of the modified ‘“pin” roll
in Fig. 7.

Figs. 10 and 11 are enlarged, fragmentary views
of the modified “pin” roll in Fig. 7, indicating
more particularly several of a great number of
variations in the disposition and dimensions of
the teeth of sald “pin” roll.

Figs. 12 to 17, inclusive, are enlarged, fragmen-
tary perspective views, partly in section, of cer-
tain forms which the teeth of the “pln” rol may
assume.
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Figs. 18 and 19 are greatly enlarged, fragmen-
tary sections of the cooperating molding struc-
ture of the machine which includes the “pin” roll.
More particularly, these figures disclose different
shapes of the teeth of the “pin” roll.

Fig. 20 1s an enlarged, fragmentary plan view
of one form of composite material that may be
produced in the present machine.

Flegs. 21 and 22 are fragmentary sections on
the lines 21—2i and 22—22, respectively, of Fig.
20.

Fig. 23 is a greatly enlarged, fragmentary sec-
tion of cooperating structure of the machine for
molding only elastic materlal without any back-
ing material such as fabric.

Fig. 24 is an enlarged, fragmentary section
through material produced by the cooperating
structure shown in Fig. 23.

Fig. 25 is an enlarged, fragmentary section
through the same material as shown in Fig. 25
which 1s, however, backed with fabrie.

Fig. 26 is a fragmentary sectlon through a
modified construction of one of the elements of
the present machine, to wit, a “counter” roll
which cooperates with the “pin” roll.

Fig, 27 1s a fragmentary plan view of one ele-
ment of a modified form of mold for producing
the same material as in the machine disclosed in
Figs. 1 and 2.

Pig. 28 1s a sectlon taken substantially along
the line 28—28 of Fig. 27, showing also the other
element of sald modifled mold in section.

PFles. 20 and 30 are charts which grephically
1llustrate two examples of temperature and plas-
ticity conditions of the rubber stock of the mate-
rial prevalling shortly before, during and imme-
dlately after the molding process. These charts
show also the degree of vulcanization of the rub-
ber stock in relation to its temperature and plas-
ticity conditions.

In accordance with the present invention, a
layer or ply of uncured rubber stock, which may
be superposed upon a layer of distensible textile
fabric, is molded into a perforated pattern by two
cooperating pressure-mold members, one of
which includes a multiplicity of perforating ele-
ments and the other of which provides a surface
of slightly yieldable material in the indentations
of which the tips of sald perforating elements be-
come seated. In order to mold the uncured rub-
ber ply into & perforated pattern, and also firmly
unite the same with a layer of textile fabric if so
desired, the rubber ply {s heated until it reaches a
moldahle or pllable stege. The heated rubber ply
is then molded under pressure between the bite or
in the cavity of seld mold members. If the rib-
ber sheet 1s to have a backing material of textile
fabric, the same Is superposed on said rubber
sheel whereby some rubber will also be molded
Into meshes of the textlle fabric and establish a
firm bond between the two materials. The co-
operating pressure-mold members may take the
form of elther cooperating dies or of two profiled
rolls. The material obtained by the pressure
mold in either form has a geometrical system of
narrowly spaced rubber ribe with intervening
spaces or perforations which may have a fabric
backing, if desired. The perforating elements of
the mold members which are of pyramidal or
modifled pyramidal shape do no damage to the
threads of the fabrie backing but merely spread
them apart or momentarily force them into the
slightly resillent indentatlions In the surface of
one of the mold members. The molded material
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is then vuleanized so that it will thereafter per-
manently retain its form,

A preferred embodiment of my machine, adapt-
ed for continuous production [s 1llustrated in
Figs. 1 and 2.

General construction of machine

The machine {s mounted on any sultable base
31 and comprises 8 main frame which may con-
sist. of a number of suitably jolined structural steel
shapes. More particularly, sultably supported,
spaced upright 32 and 34, joined at the top by a
removable tie bar 36, provide two opposite, verti-
cal guides for three pairs of hearing blocks 38,
40 and 42 which rotatably support rolls 44, 48
and 48 respectively, These rolls 44, 46 and 48 are
provided with annular shoulders 50, 52 and B64,
respectively which engage the adjacent bearing
blocks 38, 40 and 42 respectively, to prevent the
axfal movement of sald rolls.

Mounted in any suitable manner on one of the
channel Irons 86 of the supportihg frame of the
machine are several spaced bearing brackets 50
which rotatably support a shaft 60, provided with
two spaced worms 62. The worms 82 are in per-
manent mesh with worm gears 64, mounted on
spaced vertical spindles 66 which are threaded at
68 and cooperate with internally threaded sleeves
10, guided for vertical movement in cross bars 12
which are secured inh any suitable manner to the
uprights 32, 34. Also mounted on the spindles 86
are spaced collars T4 which straddle the oppo-
site fianges 18 of several channel irons T8 of the
supporting frame of the machine. Consequent-
ly, rotation of the worm gears 64 results In rota-
tion of the spindles 66 but not in any axial move-
ment thereof. The sleeves 10 are provided with
heads 80 which are recelved in recesses 82 of the
bearing blocks 38 and reteined therein by ring
members 84. The heads 80 of the sleeves T0 are
preferably squere or of other suitable shape so
that sald sleeves will not turn when the spindies
66 are rotated. One end of the worm-carrying
shaft 60 is provided with a wheel 61 wherewith
to mainipuiate the lowermost or “counter” roll
44 toward and away from the middle roll 48, as
can be readily understood.

The middle or “pin” roll 48 has a fixed disposi-
tion inasmuch as its bearing blocks 40 are bolted
or otherwise secured to the uprights 32, 34,

The uppermost roll 48 is supported in a man-
ner simflar to the counter roll 44 and is covered
at 280 with a relatively soft and yieldable mate-
rial such as soft rubber. More particularly, the
bearing blocks 42 recelve the preferably square
heads 88 of two sleeves 80 which are internally
threaded at 92 to receive threaded spindles 94
on which are mounted worm gears 98, bearing
with their hubs 100 against brackets 102, bolted
or otherwise secured to the_ tie bar 86. The
sleeves 90 are gulded for vertical movement in
the tie bar 36. Also mounted on the spindles 94
are collars 106 which are In engagement with the
brackets 102 and, together wlth the hubs 100
of the worm gears 98, prevent axial movement of
said spindles 94, Permanently meshing with the
worm gears 98 are worms (08 which are provided
on a shaft !0, journalled In spaced bearing
brackets (12 which are mounted on the tie bar
38. Mounted on one end of the shaft (0 is a
wheel 114 for manipulating the uppermost roll
48 toward and away from the pin roll 46.

The middie roll 46 is provided with an exten-
slon {16 which has mounted thereon a compara-
tlvely small spur gear |18 and a large worm gear
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120, the latter belng in permanent mesh with a
worm 122 on the slow shaft 124 of any conven-
tional reduction gearing 128, the fast shaft of
said reduction gearing is coupled In any con-
venlent manner to the shaft of an electric motor
128, suitebly mounted on the machine base 3l.
Any other drive may, of coulrse, be used for the
middle roll 46,

The rolls 44, 46 and 48 carry identical gears
138, 132 and 134, respectively, which are keved
or otherwise secured to sald rolls at 138. These
gears 180, 132 and 134 are preferably of the “her-
ringbone” type to obvlate any relatlve motlon
therebetween, and are adapted to drive the rolls
44 and 48 from the pin roll 46 whenever the
former are In such proximity to the roll 46 that
their gears (38, 134, come to mesh with the
gear 132, '

The rolls 44, 46 and 43 are centrally recessed

at 138, 130 and 142, respectively, to form steam .

chambers which are closed at thelr open ends
by stuffing boxes 144 through which extend steam
delivery pipes 146, having Inlets 148 which are
in communication with manually operable valves

(not shown) for the admission of steam to said .

plpes from any convenlent source. A rod 147 ex-
tends through the rolls 44, 46 and 48 which
counteracts any tendency of the steam pipes 146
to turn with the stufing boxes {44 when the rolls
44, 46 and 48 rotate.

It will be observed In Fig. 2 that the steam pipes
146 extend nearly to the ends 150 of the steam
chambers {n the rolls 44, 46 and 48 so that steam
discharged from the pipes flows throughout the
greater length of the steam chambers in the
rolls before escaping through the cutlets {52 and
from thence to a waste line (not shown). Of
course, any medium other than steam may be
used for heating the rolls 44, 46 and 48.

Bolted or otherwise secured at 154 to two of
the uprights 32, 34 of the machine frame are
spaced bearing brackets 156 which rotatably sup-
port at 158 a core 160, preferably in the manner
shown In Fig. 1 to facilitate removal of sald core.
Wound on this core is a supply 162 of material,
consisting of two superposed separate layers or
plies 164 of rubber and 166 of distensible textile
fabric. A string or cord 168, secured with one
end at 110 to one of the uprights 32, 34 and car-
rylng & comparatively light welght 172 at its
other end, may be passed over the core 160 to
exert a sufficlently large braking force on the
supply roll (62 in order to prevent the same from
freely rotating. Evidently, any other well known
construction may be used in braking the supply
roll 162,

The same uprights 32, 34 which carry the bear-
ing brackets 156 are provided with guides 174
in which are mounted two spaced, vertically ad-
justable frames 118, providing vertical guides 178
for lower and upper bearing blocks (80 and 186,
respectively. The lower bearing blocks (80,
which normally rest by gravity on the bottom sur-
faces 184 of the guldes 176, rotatably support
a roll 182. 'The upper guide blocks 186 rotatably
support another roll 168 which normally rests by
gravity on the lower roll 182, but may be pressed
agalnst the latter by means of compression
springs 190 which are interposed between the
bearing blocks 186 and yokes 192, slidable in the
guldes (T8 of the frames §T6. 'The rolls 162, 188
are preferably covered with a resilient, yleldable
material, such as soft rubber. Set screws (94,
recelved by cross bars 188 of the frames 176, bear

.sgainst the yokes 182 and .are provided with han- -
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dles {98 for changlng the compression of the
springs (80 at wlll,

The lower roll 182 carries a gear 210 which Is
in permanent mesh with the earller described
spur gear 119 on the pin roll 46, This roll is,
therefore, rotated In clockwise direction as viewed
in Fig. 1, whenever the pin roll is rotated in its
nermal direction, indicated by the arrow 208 In
the same flgure. The upper roll 188 is freely
rotatable and rotates merely by virtue of its fric~
tional engagement with the finished material as
it leaves the machine. For reasons to be ex-
plained hereafter, the ratio between the gears 118
and 210 is such that the peripheral speed of the

= roll 182 is somewhat greater than that of the pin

roll 46. The rolls 132 and 188 wlill hereafier
be referred to as *'pull-off” rolls.

Also mounted In any sulitable manner on the
uprights 32, 34 are two spaced bearing brackets
200 which rotatably support at 202 a core 208,
preferably in & manner slmilar to that Hlustrated
in Fig. 1 to facllitate the removal of said core.
Wound on the core 204 is a supply of a somewhat
distensible fabric 206 which may be used In the
machine as will be hereafter explained. A sim-
ilar braking device as the tensloned string 188 on
the material supply roll 162 may be applied to
the roll 206 to prevent free rotation of the same.

While the machine lllustrated in Figs. 1, 2 and
4 shows a vertical disposition of the rolls 44, 46
and 48, it 1s to be understood that the same could
be arranged in any other convenient manner, for
instance, horlzontally. Vertlcally disposed rolls
such as shown in Figs. 1, 2 and 4 have, however,
the advantages that forelgn matter cannot drop
between the rolls and that the operator of the
machine may readily see the material pass be-
tween the varlous rolls and quickly observe any
faults in thelr cooperation due to any cause what-
ever.

Alternative constructions of pin roll

The pin roll 48 may be a steel roll 220 having
the perforation-forming elements or teeth 224
machined in its periphery (Fig. 6). In this event,
the steel roll 220 is preferably grooved spirally
in a lathe to obtain the peripherally extending
cavities 222 hetween the teeth 224, and jis also
grooved longitudinally to obtain the longitudi-
nally extending cavitles 226 between the teeth
224. The spiral and longltudinal mechining of
the steel blank 220 is also indicated in Fig. 6
by a few stralght lines 22T and 228, respectively.
Machining of the steel roll 220 as aforesaid pro-
duces orderly arranged teeth 224 which are
square or at least rectangular In section along
planes curved concentrically to the periphery of
the roll. Subsequent operations with a file, pro-
file cutter or any other convenient tool may serve
to round the flanks of the teeth substantially as
{llustrated in Figs. 12 to 15, inclusive, or to pro-
vide various tapered shotulders 239 in the flanks
of the teeth as illustrated in Figs. 13 to 15, in-
clusive. The bottoms of the peripherally and
longitudinally extending tooth cavitles may be
rounded during the spiral and longitudinal ma-
chining of the steel roli 220, or they may be
rounded subsequently to assume any desired
curveturs. By making the spiral and longitudi-
nal grooves in the steel roll 220 of different depth,
it is obvious that the tooth cavities peripherally
and longitudinally of sald roll will be of corre-
spondingly different depth as shown in Fig, 8,
The different depth of these tooth cavities causes

-intersecting rubber ribé to have different heights.



4

In s0 machining a steel roll, 1t is possible to ob-
tain a very great number of teeth per squeare
inch of the periphery of the roll.

If a considerably greater number of teeth per
square Inch of the periphery of the roll is de-
sired, it Is preferable to use the modifled pin roll
in Fig. 7. This pin roll comprises steel lamina-
tlons 228, which are spaced from each other by
interposed spacers 230 and stacked on a steel
core 282. The core 232 is preferably provided
with a shoulder 234 against which the lamina-
tions 228 and Interposed spacers 230 are pressed
by any sultable means such as the nuts 235, for
instance.

Prior to the assembly of the laminations 228
with the spacers 230 and the steel core 232, sald
laminations are preferably stacked side by side
and their peripheries machined to obtain teeth
233 of any of the proflles shown in Figs, 9 and
12 to 15 inclusive, if viewed In one direction, to
wit, longitudinally of the stacked laminations.

It is also possible to mold Intersecting rubber
ribs of different height, simply by radially spac-
ing the bottoms of the machined tooth cavities

in the laminations from the periphery of the in- |

terposed spacers.

The advantages of a laminated pin roll are that
the laminations may, for example, be twisted
relative to each other to any desired extent so
that the teeth of one peripheral row project into
the cavities between the teeth of an adjacent
peripheral row if vlewed longltudinally of the
roll as illustrated inFig.10. Also, certain periph-
eral rows of teeth may without special cost be

spaced at closer intervals than other peripheral ;

rows of teeth, or the teeth of certain rows may
be made smaller than the teeth of other rows,
all as indicated in Fig. 11, Consequently, the
laminated pin roll has the advantage that irregu-
lar perforation patterns can be readily obtained
without great cost. Also, if ohe or more of the
perforating teeth of a laminated roll become ex-
cessively worn or even broken it is & simple mat-
ter to replace some laminations and use the
same pin roll again.

It is to be understood that the alternative con-
structions of the pin roll are by no means limited
to the described modes of machining either a
blank steel roll or laminations, nor to the few
illustrated possibilities of obtalning different per-
foration patterns with laminations, nor tc the
few illustrated forms of the teeth of either al-
ternative construction of the pin roll. Obviously,
shapes and proflles of the teeth other than those
1llustrated in the drawings may be found advan-
tageous in certain cases.

Construction of counter roll

The counter roll 44 (Figs. 1 and 2) has a pe-
riphera] element of softer material than the ma-
terial of the teeth of the pin roll and must even
be somewhat elastic to assure uniform seating of
sald teeth on sald counter roll while the machine
is In operation, For reasons which will appear
obvious hereafter, the counter roll must also
be able to transmit heat from its steam chamber
138 to its periphery. The steel core 240 of the
counter roll 44 may, therefore, be covered with
rubber 241 of relatively high durometer hard-
ness or any other suitable material such as paper,
artificlal resins, synthetic rubber, pressed wool
or rags, or any of these materials combined with
fabric or even tin or lead. The cover 241 is pref-
erably conflned between an annular shoulder 242

. of the steel core 248 and a threaded or shrunk
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collar 244 thereon. Consequently, if the cover
material becomes softened when heated, 1t can-
not spread beyond the ends of the core 240 but
may expand radially only. Since substantially
accurate register of the pin roll and the counter
roll is always malntained, the tips 250 of the teeth
of the pin roll work into the cover 24f of the
counter roll, forming small indentations 251
therein. Continuous realignment between the
same teeth and the same indentations makes it
imperative that the ratio between the gears 180
and 132 be an Integer and that the diameters of
the rolls 44, 48 be inversely proportional to the
ratlo of their gears 138 and 132, respectively.
Also, micrometric differences In the helght of the
teeth of the pin roll create micrometrle differ-
ences in the depth of the corresponding indenta-
tlons in the counter roll so that the load trans-
mitied by each tooth to the counter roll, is the
same and uneven wear of these teeth is effec-
tlvely prevented.

The counter roll 44 may in some instances re-
quire a surface temperature of 120° C. or more.
At such a temperature, a cover materlal of hard
rubber may hecome softened and, although the
counter roll will continue to perform satisfac-
torily, the hard rubber cover 2841 may loosen from
1ts steel core 240. Consequently, the counter roll
shown in Fig. 26 is preferred when high tempera-
tures are required.

This counter roll consists of a steel core 280
and paper laminations 262 which are packed
against an annular shoulder 264 of said core 260
by nuts 266 or any other sultable means. Inas-
much as paper conducts heat very poorly, It is
obvious that the width A (Fig. 26) of the paper
laminations 262 should be kept as small as pos-
sible, yet permit a tight packing of the lamina-
tlons on the core. Such a paper covered roll
works well at temperature ranges above those
practicable for rubber covered rolls.

Ingpection device

The finished material 165 may be passed over
an inspection device 203 (Fg. 4) as 1t leaves the
machine. This inspection device may comprise
any suitable frame 267 on which is mounted a
box-like structure 208, having at its top a trans-
parent plate 288, such as glass, and housing a
light socket 280 with suitable electrical connec-
tions and a lamp 202 in sald socket for illuminat-
ing the composite material 202 from below as it
passes over sald Inspection device. An operator
may thus discern the qusality of the perforations
in the rubber stock of the finished material. The
use of this inspection device Is naturally a matter
of cholice.

Vulcanizing box

The finished material may also be passed
through a vulcanizing box 284 (Fig. 4) as it leaves
the machine, and thereafter guided to a wind-up
roll 285 over a gulde roll 286. The vulcanizing
box 284 may comprise any suitable frame 284
which carries 8 box-like structure 286, having
horizontally aligned Inlet and outlet opernings 298
and 380, respectlvely, through which the finiched
materlal passes. These openings may be lined
with pleces 302 of mohair between which the fin-
lshe(ti:l material may pass without becoming dam-
aged,

While passing through the vulcanizing box, the
composite materlal rests on an endless COnveyor
or belt 304 which passes over sultably mounted
guide rolls 386, 308 and 318 and over combined
gulde and tensioning rolls 312. One of the guide
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rolls, either 306 or 310, is driven in any sultable
manner (not shown), however, preferably so that
the endless conveyor moves at the same rate at
which the finished material leaves the machine
and is wound on the roll 285, The wind-up roll
288 may be driven in any suitable manner (not
shown).

Any suitable heating means may be provided
In the box-like structure 296. In the present In-
stance, there 1s shown a steam coil 314, having an
inlet 318 and an outlet 318, Steam from any
suitable source (not shown) may be admitted to
sald steam coil 344, preferably under the control
of a manually operable valve (not shown).

Mode of operation of machine

Before starfing the operation of the machine,
it 18 well to admit steam to the rolls 44 and 46
until the same have predetermined surface tem-
peratures. Thereafter, the surface temperatures
of the rolls are kept constant by regulating the
steam admission. WNext, the machine is started
whereupon the counter roll 44 being preferably
slightly withdrawn from the pin roll when the
machinie {5 at rest, is brought Into re-engsgement
with the pin roll 46, while material from the sup-
ply roll 162 is at the same time held between the
bite of both rolls 44 and 46. 'This supply mate-
rial consists in the present case of the superposed
layers 184 and (66 of rubber and distensible tex-
tfle fabric, respectively, and is so fed between the
rolls 44, 46 that the rubber layer 164 is next to
the pin roll. As best shown in Fig. 1, the ma-
terjnl (64, 166 passes from the supply roll 162

to the eounter roHl 44, then partly around the -

periphery of the latter until it meets the pin roll
46 on which it remains for some time, and is
finally drawn froem said pin roil by the pull-off
rolls 182, 188,

The supply material 164, 166 {s heated by the
counter roll #4 to such an extent that the rubber
ply 64 is plasticized when sald supply material
reaches the bite of the rolls 44, 46 wherein the
plastic rubber becomes molded and thereby also
firmly bound to the fabric layer {66 in g manner
to be deseribed In detail hereafter. The mate-
rial, whieh s now in compostte form, Is then
etther ecooled or further heated by the pin roll
48 while traveling with the same. Since it re-

(quires some force to withdraw the composite ma- |

terlal from its engagement with the pins of the
roll, the lower pull-off roll 182 (Fig. 1) is driven
at a greater peripheral speed than the pin roll 46.
The pull distends the material slightly and frees
it from the pins. By ureging pull-off roll 188
against the lower roll $82 under the vartable com-
pression of the springs 190, the operator may
easlly regutate the pull on the composite mate-
rial 65 which ls exerted by the rolls (82, 188. In
this way the composite material may be drawn
from the pin roll 4§ within a safe angular range.

Heating of rolls

The surface temperatures of the rolls 44 and
46 are regulated in two principal ways, depending
on whether the rubber contents of the composite
mraterfal #65 is to be vulcanized on the pin rell
-88 ar whether the same is to be vulecanized later,
for insianee in the vulcanlzing box 284 (Fig. 4).

Fig. 28 shows several curves which represent
the. temperature, plasticity and vuleanization de-
gre= of the yubber stock of {he material when the
same 1s to be vulcanized on the pin roll. The
counter rell 44 heais the rubber stock above the
‘eritieal plasticity until lis temperature reaches

<«

10

20

30

40

60

70

[

S

d. The rubber stock Is in contact with both rolls
44, 46 between the points d, e and &, ¢ of the
temperature and plasticlty curves, respectively.
Here, the flowing and molding of the rubber takes
place. The rubber sbock Is finally heated by the
pin roll which has a much higher surface tem-
perature than the counter roll as is evident from
the course of the temperature curve In Fig. 29.
The term “critical plasticity” as used herein and
In the appended claims denotes that point in the
plasticlty curve at which the rubber stock can be
removed from the pin roll without incurring
plastic deformation. Removal of the composite

' material may, therefore, take place anywhere

between the lines ¢ and h since the plasticity of
the rubber stock is now below the crltical plas-
ticibty ¢’. Complete vulcanization of the rubber
stock on the pin roll is unnecessary. The re-
meining degree of cure (g to h) may be given the
stock In the vuleanizing box 284 (Flg. 4).

Fig. 30 shows curves similar to those of Fig. 29,
These, however, illustrate the condition where
the stock 1s vulcanized outiside of the machine,
The counter roll again heats the rubber stock
well above the critical plasticity until its temper-
ature reaches I. The rubber stock is then in con-
tact with both rolls 44 and 46 befween the points
I, m and i, & of the temperature and plasticity
curves, respectively, ahd the molding process
takes place then. The rubber stock is finally
cooled by the pin roll which has a considerably
lower surface temperature than the counter roll
as is evidence from the course of the temperature
curve in PFig. 30. Removal of the composite ma-
terial may then take place at the line n tmme-
diately after the plasticlty of the rubber stock is
below the critical plasticity ¢’. No appreciable
vuleanization of the rubber stock has as yet taken
place, and the same {s subsequently vulcanized
in the box 284 (Fig. 4}, for instance.

In order to expedite the cooling of the rubber
stock and thereby quickly lower its plasticity be-
low critical so as to expedite the removal of un-
vulcanized composite material from the pin roll,
& cooling medium is infroduced into its chamber
149 instead of steam.

If it is desired to ecover the rubber material on
both sides with fabrie, a sheet 281 of fabric from
the supply roll 206 is also fed into the machine
in the manner illustrated in Fig. 4. The upper-
most roll 48 is then lowered and forced into en-
gagement with the pin roll 46 to such an extent
that the soft cover 280 of the roll 48 forces the
fabric 281 against the botoms of the tooth cavitles
in the pin roll. Some steam may be admitted to
the roll 48 5o cause eveporation of any moisture
m the fabric 281 before the same reaches the pin
roll. The fabric sheet 281 then meets the super-
posed layers 164 and 166 of the supply material
182 at the bite or “nip” of the rolls 44 and 46, and
some of the plasticized rubber will also be forced
into the meshes of the second fabric layer 281
when the molding operation takes place. The
composite material 282 is withdrawn from the
pin roll 48 by the pull-off rolls 182, 188, This
compogite material 282 may be vulcanized on the
pin roll or in the vuleanizing box 284 (Fig. 4).

Cooperating dies

Instead of using the described rolls for a con-
tinuous process of formlng composite material,
the cooperating dies 340 and 342 (Figs. 28 and 28)
may be used for smaller articles of a composite
material which do not justify the higher cost of
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rolls. More particularly, the dies 340 and 342
are provided with dowel pins 344 and reglstering
holes 3d6. Provided In the bottom die 342 by any
sultable method are a number of perforating
teeth 346 which may be of any sultable shape.
The top die 340 1s provided with a lining 350
which may be of the same material as the cover
material 241 of the counter roll 44 and be In-
dented at 252 by the teeth 348 of the die 342,

A sheet of rubber with or without a superposed
layer of fabrie is placed in the dies, whereupon
the latter are closed under pressure and heat is
applied to the sheets through the dles. A mold-
ing process takes place then which is the same as
that in the rotary rolls. Vulcanization of the
molded material can be completed In the dles by
the application of heat for a sultable perlod, or
the die can he cooled after the molding process
is completed and the material removed therefrom
for vulcanization elsewhere.

Molding process

Flgs. 18 and 19 illustrate the molding process
which the rubber of the supply material under-
goes elther in the rolls 44, 46 or in the dies 348,
342, It will be observed In the above figures that
the highly plastic rubber i64 i1s forced agalnst
the fabric 166 by the flanks of the perforation-
molding teeth, resulting in the formation of the
intersecting rubber ribs 270 (Figs. 20 to 22). No
threads are ever severed or broken, for the plastic
rubber grips each thread and as it is being dis-
placed by an intrusive molding tooth. each thread
i8 carried away from the point itself. In addi-
tion, the wedging effect of the flank of the adja-
cent molding teeth causes the rubber not only to
flow into and to assume the shape of the cavities
between the adjacent teeth, but also the rubber
1s flowed into the meshes of the fabric to an ex-
tent llusirated by the stippled aress 212 In Figs.
18 and 19. Thus the rubber is molded about
many threads and Is securely bonded to the
fabric.

By using the shouldered teeth shown In Figs.
19 and 13 to 15, Inclusive, more rubber will be
forced into the meshes of the fabric.

If it Is desired to give the composite material
a pleasing ribbed appearance on its fabric side,
the surface portions 280 between adjacent inden-
tations 251 may be rounded (Fig. 19}, If a rub-
ber sheet alone is molded, these rounded surface
portions 280 will round the adjacent portions of
the rubber ribs (Figs. 23 and 24).

Material thus molded mey have the texture
that is illustrated greatly enlarged in Fig. 20.
Figs. 21 and 22 are greatly enlarged sectional
views of the perforated material shown in Fig. 20.
Now and then a few perforations are continued
through the fabric wherever a perforating tooth
hes gpread the meshes of the fabric apart. This
is also shown in Figs. 21 and 22.

The teeth 320, shown in perspective In Figs. 16
and 23, are particularly suited for forming very
thin sheet rubber without fabric into a perforated
material such as illustrated in Fig. 24. This ma-
terlal comprises very fine. intersecting ribs 322,

If it is desired to apply a backing material 324
of any kind of fabric to the perforated rubber
sheet in Fig. 24, the teeth 326, shown in Fig. 17,
may be used. These teeth 326 may differ from
the teeth 320 only by having tips 328 which will
pass Into the fabric 324 on molding the composite
material 330 (Fig. 25). The tapered shoulders
332 of the teeth 326 will force some of the rubber
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Into the meshes of the fabric and thus establish
a lasting bond between both materials,

Distensibillly of composite material

Knit fabrics have little extenslbllity In the di-
rection in which the goods are knitted, but possess
extensibility in a direction at right angles thereto.
However, corsets, girdles and similar articles re-
quire a material which is distensible {n any di-
rection. By stretching knit fabrics in the direc-
tlon of their greatest extensibility and then per-
manently comblning rubber therewith while the
fabric is in a stretched condition, the composite
material which results is distensible in any direc-
tion. This discovery is used to good advantage
in the manufacture of the hew composite
material.

Thus, the fabric material 1s held stretched in
the direction of its greatest extensibility during
the molding process. A continuous supply of
textile fabric, which can be stretched lengthwise
as it 1s fed into the machine, 18 cbtalned by sever-
Ing knit textile fabrics across their width, L e.,
in the direction of their greatest extensibility and
then sewing together the severed fabric pleces
with thelr non-severed sides In end to end
relation.

Rubber material

In order to obtaln & good product of composite
materials or of rubber alone, the rubber must be
tough and must have conslderable distensibility
and resistance agalnst tearing. A high grade
product 1s, for instance, obtalned by using the
following rubber compounds for the rubber ply:
80% pale crepe rubber, 16% zinc oxide, 1% ac-
celerator, 2% sulphur and 1% color., A product
of somewhat poorer quality may be made, for in-
stance, with the following rubber compound: 50%
crepe rubber, 5% zinc oxide, %% stearic sacid,
1% color, 40% whiting, 1% accelerator, 1% sul-
phur and 134% softener. These are, of course,
only examples of rubber compounds which can
be used, and it is to be distinctly understood that
any other rubber compounds may be used.

The terms “elastic material,” “rubber” or “rub-
ber-like substance,” as used hereln and in the
appended claims, are meant to Include any ma-
terial or composition of matter having the prop-
erty of elasticity and being capable of conver-
sion from a deformable Into & more or less per-
manently elasgtic state.

Characteristics of new materials

The textile fabric is Airmly attached to s co-
herent system of molded ribs 271 of suitable
breadth and height which are of elastic mate-
rial, such as rubber. The height and eross-sec-
tion of the ribs is determined by the desired re-
sistance of the finished or perforated material
to distension. Also, If the resistance to disten-
sion in two transverse directlons is to be differ-
ent, the intersecting ribs of elastic material will
be made of different height or of different cross-
section, or both.

While a finished material of any desired per-
foration pattern may be produced, it is preferable
to produce a finished material in which the un-
covered area of the textile fabric used is ag large
as possible, and should preferably amount in all
to at least 50% of the entire area of the fabric
in order that the composite material may permit
trangpiration. The elastic ribs of the finished
material are on the other hand preferably spaced
as closely as possible since thick, widely spaced
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webs not only detract from the ventilating prop-
erties of the composite or finished material, but
also reduce its suitabllity for holding stitches
when sewn.

If the composite material 1s used for wear on
the human body with the rubber side turned to-
ward the gkin, the contact area between the skin
and the composite material is very small, due to
the rounded peaks 2T (Figs. 21 and 22) of the
rubber ribs 210 as can be readily understood.
Consequently, very few pores will be covered by
rubber, and the greater area of the skin will be
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well ventilated so that the wearer will experience
&8 welcome cooling effect wherever the material
Is worn if air has free access to sald material,
The elimination of any excess rubber In the
composite material by the molding of a compara-
tively thin ply of rubber into intersecting ribs
with Intervening rectangular or square perfora-
tions not only represents a saving in rubber stock,
but results also in a composite material of light
weight which has great elasticity in the direc-
tions of the Intersecting rubber ribs.
JOSEF A. GRABEC.



