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30 Claims.
1

This invention relates to reinforced web ma-

~ terial and the method and apparatus for form-
ing same.

A principal object of my invention is to enable
a web of material to be reinforced in a novel and
expeditious manner by embedding therein a plu-
rality of strands of reinforcing material disposed
in the body portion of the web in a novel zig-
zag and criss-cross pattern, with the individual
strands not only extending back and forth across
the body portion of the web but also erossing
over and under other of the strands in a novel
manner to afford a novel patfern of interlocked
cross-strands of reinforcing material to thereby
afford good tear resistance to the web of ma-
terial.

Various machines and various methods of re-
inforcing webs of flexible material by embedding
therein strands of reinforcing material in a zig-
zag, and even in criss-cross patterns have been
known heretofore. One of such methods has been,
of course, to weave the reinforcing strands to-
gether by an actual weaving process. Such a
process does have the advantage of affording a

pattern of reinforcing strands wherein the warp :

and weft threads are interlocked to afford rela-
tively good tear resistance in substantially all
directions. However, as is well known to those
skilled in the art, such a process is relatively slow
and expensive, and involves the use of relatively
expensive and complicated equipment.

A more common method of applying reinforcing
strands to a web of material has been to embed
strands of material in the web in a criss-cross
pattern wherein the strands running in one direc-
tion are all disposed in one plane and those ex-
tending in the other direction are all disposed in
another plane, either above or below the plane
of the strands running in the first mentioned
direction. Such a pattern is disclosed in several
earlier issued patents, such as, for example, the
United States Letters Patent No. 285,838 issued
to S. Pember and S. Bird on October 2, 1883,
and the United States Letters Patent No.
1,460,949, issued to A. J. Currier on July 3, 1923,
and has the advantage over the pattern produced
by the weaving process of being capable of being
relatively readily and rapidly applied to a web
of material. However, this latter process also
has a relatively serious disadvantage over the
weaving process, namely, that the cross-strands
are not interlocked with each other so that the
strands are free to separate and afford low tear
resistance as compared to the interwoven strands
produced by weaving.
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An important object of my invention is to
enable a novel reinforced web to be produced in
& novel and expeditious manner whereby strands
of reinforcing material are disposed in the web
in a novel criss-cross and interlocked manner to
impart good tear resistance to the web.

A further object of my invention is to provide
a web of material reinforced with strands of
reinforeing material embedded therein, wherein
the strands of reinforcing material are disposed
in a novel mesh pattern with predetermined
individual strands disposed alternately over and
under strands crossed thereby so as to be ef-
fectively interlocked therewith and thereby.

One of the inherent disadvantages of applying
the reinforcing strands to a web by a weaving
rrocess is the fact that such a process requires
excessive straight-line reciprocation of parts in
the machine with which the weaving is performed,
the harnesses, by which the warp threads are con-
trolled, moving up and down in & substantially
vertical direction, and the shuttles, by which the
weft threads are laid between the warp threads,
moving swiftly back and forth in a horizontal
direction. Such excessive reciprocation of parts, -
as is well known to those skilled in the art, is
undesirable for several reasons, one being that
a relatively great amount of vibration is produced
thereby so that the operation is relatively noisy;
and-another being that the abrupt changes of
direction in the movement of the parts produces
undesirable operating characteristics that in-
crease the wear to the various parts of the ma-
ching and increase- the maintenance problems
thereof. As a result, as a practical matter, it has
often been found preferable to sacrifice the
beneficial results of the interlocking mesh pro-
duced by the weaving process for the better oper-
ating characteristics of the machines which
produced the non-interlocking mesh by rotative
movements such as that utilized in the afore-
mentioned Currier Patent No. 1,460,949, even
though the resulting pattern of reinforcing
strands did not afford as good tear-resisting char-
acteristics.

An important object of my invention is to
afford a novel machine wherein strands of rein-
foreing material may be applied in a criss-cross
pattern to a web of material by mechanism mov-
ing in a simple, rotative manner but which is
effective to apply the strands to the web in a
manner whereby certain of the strands are inter-
locked by and between strands running in an-
other direction and crossed thereby.

An object ancillary to the foregoing is to pro-
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vide a niovel reinforced web having good tear-re- '

sisting characteristics in a plurality of directions.

Yet another object of my invention is to enabie
a novel laminated web of material, such as, for
example, a web of reflective heat insulation ma-
terial, to be formed from two sheets of flexible
material adhered together by a suitable adhesive
material into which a plurality of strands of
reinforcing material has been laid in a criss-
cross, interlocking pattern.

Other and further objects of the present inven-
tion will be apparent from the following descrip-
tion and claims and are illustrated in the accom-
panying drawings which, by way of illustration,
show & preferred embodiment and the principles
thereof and what I now consider to be the best
mode in which I have contemplated applying
those principles. Other embodiments of the
invention embodying the same or equivalent
principles may be used and structural changes
may be made as desired by those skilled in the
art without departing from the present inven-
tion and the purview of the appended claims.

In the drawings:

Fig. 1 is a side elevational view of a machine
{lustrating a preferred embodiment of my inven-
tion, part of the mechanism thereof being shown
disgrammatically;

Fig. 2 is a sectional view taken substantially
glong the line 2—2 in Fig. 1;

Fig. 3 is a sectional view taken substantially

along the line 3—3 in Fig. 2;

Fig. 4 is a detail sectional view taken substan-
tially along the line 4—4 in Fig. 1;

Fig. 5 is a perspective view of a web of material
comprising a preferred embodiment of my inven-
tion, parts thereof being broken away;

Fig. 6 is a perspective view, similar to Fig. 5
brit showing a modified form of my novel web;

Fig. 7 is a diagrammatic view showing the
manner in which reinforcing strands are applied
to a web of material, and the pattern of such
strands, in the preferred embodiment of my
invention shown in Fig. 5; and

g, 8 is a diagrammatic view showing the
manner in which strands are applied to a web,
and the pattern of such strands, in the modified
form of my invention shown in Fig. 6.

For the purpose of illustrating my invention, a
machine M is shown in Figs. 1, 2 and 3, which
embodies the principles of my invention, and
which is operable to form a reinforced web in
accerdance with the principles of my invention,
as will be discussed in greater detail hereinafter.

The novel machine M, Fig. 1, comprises, in
ceneral, means FS for feeding two elongated
sheets SI and S2 of suitable flexible material
together and bonding the sheets SI and S2 to-
. gether with a plurality of threads or strands A
and B of suitable reinforcing material disposed
therebetween in a novel criss-cross snd inter-
locking pattern, Figs. 5 and 6, to thereby afford a
web of material W which is well reinforced
against tear in a novel and practical manner,
the strands A and B being fed into position be-
tween the sheets 81 and S2 by s thread-feeding
m¢ chanism TS.

‘The machine M, shown in the accompanying
drawings is especially well adapted for the pro-
duction of reflective heat-insulation comprising
two sheets of reflective material bonded together
in face-to-face relationship with strands of
reir foreing material disposed between the two
sheets. When the machine M is so used, the
sheets 81 and S2 may be formed of any suitable
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material such as, for example, flexible paper
sheeting having one face coated with suitable
reflective material such as finely divided alumi-
num, or flexible paper having aluminum foil
adhesively secured thereto; the adhesive material
used to bond the two sheets St and S2 together
may be any one of several adhesive agents but
preferably is a relatively non-hygroscopic mate-
rial such as, for example, asphalt, and is prefer-
ably applied to the uncoated faces of the sheets
Si and S2; and the reinforcing strands A and B
may be constructed of any suitable material such
as rayon, including both cellulose acetate rayon
and viscose rayon, or the like,

The sheet feeding unit FS, shown diagram-
matically in the drawings, comprises in general,
a pair of compression rollers 23 and 24 between
which a pair of elongated sheets S| and S2 may
be passed from supply spools 26 and 21, respec-
tively, onto a wind-up or storage spool 28. Two
adhesive applying mechanisms Pi and P2 are dis-

' posed between the spool 20 and the rollers 23 and

24, and the spool 21 and the rollers 23 and 24,
respectively, and each is effective to apply adhe-
sive material to one face of &°corresponding one
of the shets SI and S2, respectively.

During an operation of my machine, the sheets
St and S2 enter the bite of the rollers 23 and 24
wtih the adhesive-bearing faces thereof disposed
in face-to-face relationship to each other. As
the sheets enter the bite of the rollers 23 and 24
in this manner, a plurality of strands of rein-
forcing material are fed by the strand-laying
unit TS into the adhesive hetween the sheets in
a novel pattern, as will be discussed in greater
detail presently. The sheets S| and S2 are then
passed on between the rollers 23 and 24, and are
pressed together thereby so that the sheets Si
and S2 are bonded together by the adhesive
material into a novel compact web W reinforced
by the strnads A and B of reinforcing material
disposed between the sheets in the aforesaid novel
pattern. The web W, advancing from the rollers
23 and 24, may then be wound upon s roller 26
as shown in Fig. 1.

The adhesive applying mechanism used in my
novel machine may be of any suitable type, the
mechanism Pl shown diagrammatically in the
drawings, Fig. 1, comprising a trough 31, within
which is disposed a supply of suitable adhesive
material, such as, for example, asphalt. A roller
29 is rotatably mounted in a manner whereby the
lower peripheral surface thereof is disposed in
the adhesive material in the trough 31. An idler
roller 28 is rotatably mounted in parallel align-
ment with the roller 29, and is disposed in con-
tact therewith so that during rotation of the
rollers 28 and 29 adhesive material picked up
from the trough 31 by the roller 29 is applied to
the surface of the roller 28. The sheet Si, in
passing from the spool 20 to the rollers 23 and 24
passes over an idler roller 271 and the roller 28,
the latter roller being effective to apply adhesive
to the adjacent face of the sheet SiI passing
thereover. When the machine M is being used
to produce a web of reflective heat-insulation in
the manner previously set forth, the face of the
sheet S1 to which the adhesive is applied is pref-
erably, of course, the face opposite that on which
the reflective material is disposed.

The adhesive applying mechanism P2 is sub-
stantially the same as the mechanism P{, com-
prising a trough 39, carrying a supply of adhesive
material, such as asphalt, which may be applied
to & roller 35 by a roller 31 disposed in such a
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position that the portion of the peripheral sur-
face thereof is submerged in the adhesive ma-
terial in the trough. The sheet 82 passes over
the roller 35 and an idler roller 34 in its move-
ment from the spool 21 to the bite of the com-
pression rollers 28 and 24, so that adhesive ma-
terial is applied thereto by the roller 38.
Thus, it will be seen that, as previously men-
tioned, when the sheets S| and S2 are fed into
the bite of the rollers 23 and 24, the adhesively
coated faces of the sheets are disposed adjacent

to each other so that in passing between the com-

6
extends upwardly from the creel 80 and is at-
tached at its upper end by rivets 62 to the central
portion of a corresponding one of a plurality of
elongated bars 64. The bars 64 are radially dis-
posed within a.guide-ring 66 and are connected

. thereto, at their outer ends, by any suitable

means such as welding 67. The inner end por-

- tions of the bars 64 are connected by bolts 69 to

10

pression rollers 23 and 24 the sheets SI and 'S2

may be effectively bonded before being wound on
the storage spool 26.

In applying the adhesive to the face of the
sheets SI and S2, I prefer to apply it to the center
portion only, leaving a marginal edge portion on
each side of each sheet which is not coated with
adhesive so that, in passing between the rollers
238 and 24, the adhesive material is not extruded
from the edges of the sheets. Therefore, in con-
structing ‘my novel machine M, I prefer to use
rollers 28 and 35 which are shorter in length
than the width of the sheets Sf and S2, and I
prefer to center the sheets Si and S2 on the
rollers 28 and 35 as they pass thereover so that
adhesive is only applied to the sheets SI and S2
between two outer trim lines T and T2, Figs. 4
and 7, which are disposed inwardly from the
longitudinal edge portions of the sheets.

The thread-laying unit TS comprises, in gen-
eral, an elongated frame 41 on the opposite end
portions of which are mounted two strand-laying
heads 43 and 44, Figs. 1 and 2. The frame 4
is preferably disposed in vertical position, with
the two heads 43 and 44 mounted thereon in
horizontal position, one above the other, in ver-
tical alignment with each other.

Each of the heads 43 and 44, as will be discussed
in greater detail presently, comprises mechanism

for applying a plurality of threads or strands of -

reinforcing material in a zig-zag, criss-cross pat-
tern between the sheets SI and S2, as the sheets
S| and 82 advance into the bite of the rollers 23
and 24. Typical patterns of strands of reinforc-
ing material which may be applied to the sheets
St and S2 by the machine M are shown diagram-
matically in Figs. 7 and 8 and will be discussed
in greater detail hereinafter. _
The heads 43 and 44 are so constituted and
arranged that, during an operation of my novel
machine, the strands fed thereby may be fed, by
simple rotative movement of certain portions of

the heads, into a hovel criss-cross, interlocked

pattern which, when embedded in the adhesive
material disposed between the sheets Si and 82,
and compressed therein by the rollers 23 and 24,
imparfs good tear-resistance in a plurality of
directions to the resulting web W.

The upper head 43 includes a U-shaped bracket
46 mounted on the upper end portion of the frame
41 and attached thereto by bolts 48. Within the
bracket 46, a creel §8 is mounted on a plurality

of rollers 52 journaled in suitable brackets 54 -

attached to the upper end of the frame 41 by
bolts 55.

The creel §0 is annular in form, Figs. 2 and 3,
and has mounted thereon a plurality of spools 56
for paying out strands A of suitable reinforcing
material as will be presently discussed in greater
detail. :

A plurality of brackets 88 are attached at their
lower ends to the inner peripheral edge portion
of the creel 80 by bolts 60, and each bracket 58
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a plate 68, to which is attached a spur gear 10,
Fig. 2. A second guide-ring 86b is disposed within
the first mentioned guide-ring 66 and is attached
to the bars 64 by suitable means such as welding
61b. .

A sleeve 12, having a mounting plate 14 at-
tached to the upper end portion thereof by a set
screw 16, extends: vertically through the upper
end portion of the U-shaped bracket 46 and is
non-rotatably connected thereto by bolts 78 ex-
tending through the mounting plate 714. The
sleeve 12 extends vertically downwardly from the

bracket 46 through the centers of the spur gear

70, the plate 68, the guide-rings 66 and 66b, and
the creel §0, which rotate therearound during an
operation of my machine, as will be presently
discussed in greater detail. A bearing 124 is
mourited on the sleeve 12 and is attached thereto
by a set screw 126, and the plate 68, attached to
the guide-ring 66 by the bars 64, rests on top of
the bearing 124, to thereby afford additional sup- .
port for the guide-rings 66 and 86b and the

creel 590.

A shaft 81, having & bevel gear 83 attached to
the upper end portion thereof by any suitable
means such as a pin 84, is journaled in the sleeve
12 and extends therethrough. A sprocket wheel
86 is attached to the lower end portion of the
shaft 81, below the sleeve 12, for rotation there-
with, and is connected by a chain 88 to a sprocket
wheel 80 fixedly secured to a shaft 91 which is
journaled .in one end of an arm 93 mounted on

. the lower end portion of the sleeve 12 and at-

50

tached thereto by a set screw 95. Another
sprocket wheel 97 is also mounted on the shaft 91
for rotation therewith, and a sprocket wheel 99
is mounted on a shaft 101 journaled in the end
of the arm 93 opposite that in which the shaft
91 is journaled. - A chain 102 is trained over the
sprocket wheels 87 and 99 and is supported
thereby in a substantially horizontally disposed
position for a purpose which will be discussed in
greater detail presently. - )

. As will be seen from Figs. 1 and 2, the chain
102 is disposed on the sprockets 87 and 99 in a
manner whereby, upon rotation of the sprockets
97 and 99, the chain {02 passes thereover in an
elongated, substantially elliptical-shaped orbit,
the major axis of the orbit being disposed in
parallel alignment with the bite of the rollers

- 28 and 24 and the two long passes of the chain,

460

70

75

extending between ‘the sprockets 7 and 99, being
preferably disposed in parallel horizontal position,
with one of the passes disposed closer to the roll-
ers 23 and 24 than is the other pass.

So-as to simplify the reference to various parts
of the machine M shown in the drawings, it will
be understood that the left side of the machine,
as viewed in Fig. 1, is the “front” thereof, and
therefore, it will be seen that the one previously
mentioned pass of the chain 102, which is dis-
bosed closer to the rollers 23 and 24 than the
other pass disposed in parallel relationship there-
to, constitutes the front pass of the chain 102,
and the other pass of the chain 102 constitutes
the rear pass thereof.

The bevel gear 83 on the shaft 81 is engaged
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with a bevel gear 105 mounted on the end of a
shaft (07 journaled in bearings {08 and (09
mounted on the upper end portion of the U-
shaped bracket 46, the shaft 107 comprising the
main drive shaft for the head 43. A second bevel §
gear |1 { mounted on the shaft 107 is engaged with

a bevel gear {13 mounted on the upper end por-
tion of a shaft {15 journaled in a bearing {11
attached to the bracket 48 by suitable means
such as bolts 149. A pinion gear 121 is mounted 10
on the lower end of the shaft 115 and is engaged
with the spur gear 10.

Thus, it will be seen that rotation of the drive
shaft 107 is effective, through the bevel gear 105,
the bevel gear 83, the shaft 81, the sprocket wheel 15
86, the chain 88, and the sprocket wheel 80 to
cause the sprocket wheels 87 and 98 to rotate and -
thereby cause the chain 102 to pass around the
sprocket wheels 871 and 99 in the aforementioned
elliptical-shaped orbit. Also, it will be seen that 20
rotation of the drive shaft {07 is effective, through
. the bevel gear {1{, the bevel gear (13, the shaft
145, the pinion {21, the spur gear 70, and the
plate 68 to rotate the bars 64, to thereby cause
the guide-rings 66 and 66b to rotate, and .also, 25
because of the interconnection of the creel 50 to
the guide-ring 66 by the bars 64 and the brackets
58, to cause the creel 50 to rotate. It will be notéd
that the parts of this mechanism are so consti-
tuted and arranged that the chain 102, the ring 30
66 and the creel 50 are 21l caused to rotate in the
same direction by rotation of the drive shaft
101, and, of course, it will be understood that the
gearing of this mechanism is such that the chain
102, the ring 66 and the creel 50 all rotate about 35
the sleeve 12 at the same rate of rotation, when
driven by the drive shaft 107.

The guide-rings 66 and 66b, and the guide-
chain 102 each have a plurality of guide-eyes or
grommets 125, (25b, and 121 mounted thereon, 40
respectively. The same number of guide-eyes
127, 125, and 125b are mounted on the chain 102
and the rings 66 and 66b as there are spools 58
mounted on the creel 50. Thus, it will be seen
that for each spool 56 there is provided a corre- 35
sponding guide-eye 125, guide-eye (25b, and
guide-eye 121, The corresponding spools 56 and
guide-eyes are so disposed relative to each other
that a thread of reinforcing material may be
extended from each of the spools 56 through s¢
the corresponding guide-eyes 125 and 125b and
into the corresponding guide-eye {27 in spaced -
relation to the threads extending from the other
spools §6. During an operation of my machine
M, each of the individual strands A are payed 5;
out through the corresponding guide-eyes (25
and 127 into the bite of the rollers 23 and 24
and are pressed by the rollers 23 and 24 into the
adhesive material disposed between the two sheets
St and S2, as will be discussed in greater detail gy
hereinafter. The guide-eyes 125, 125b, and (21
are preferably constituted so as to afford a pre-
determined resistance to the passage of the
strands therethrough, to thereby insure proper
tensioning of the strands passing into the bite g5
cf the rollers 23 and 24. i

The lower strand-laying head 44 is substani
tially the same as the head 43 with the parts! [
thereof disposed in reversed position, and with ‘,
the exreption that only one guide-ring 166 is em-
bodied therein as compared to the two guide-
rings 66 and 66b embodied in the head 43. Thus,

8

{54 mounted on the lower end plate (86 of the
frame 41 and attached thereto by bolts (585.
Elongated brackets 188 are attached to their
lower end portions to the creel 150 by suitable
means such as bolts 180 and extend upwardly
therefrom and are attached at their upper end
portions by rivets 162 to bars 164, the bars {64
being attached at one end to a guide-ring (68
by any suitable means such as welding, and the
other end portions of the bars {64 being attached
to a plate 168 by bolts 1170.

A sleeve 112, which is similar to the sleeve 12,
is attached to the end plate 156 of the frame &1
by bolts {74 which extend through a mounting
plate 116 attached to the sleeve 172 by a set
screw 178, A shaft 181 extends through the sleeve
{12 and the end plate 156, and has a bevel gear
183 attached to the lower end portion thereof
by suitable means such as a pin 184. A sprocket
wheel 186 is mounted on the upper end portion
of the shaft 181 and is connected thereto by a
pin 181, and is connected by a chain 188 to a
sprocket wheel 180 mounted on, and fixed to, a
shaft 181 journaled in one end of an arm {93.
A second sprocket wheel 197 is mounted on the
upper end of the shaft {94 and is connected by
a chain 202 to a sprocket wheel 199 mounted on
8 shaft 20! journaled in the other end of the
arm {983, the chain 202 being trained over the
sprocket wheels 197 and 199 in a manner whereby
it passes thereover in an elongated, substantially
elliptical-shaped orbit, Fig. 3, the two long passes
of the chain, like .the two long passes of the
chain 102, being preferably disposed in parallel
horizontal position and the major axis of the
orbit of the chain 202 heing disposed in parallel
alignment with the bite of the rollers 23 and 24
below the major axis of the orbit of the chain
102,

The bevel gear 183, on the lower end of the ver-
tically extending shaft {81, is engaged with an-
other bevel gear 205 mounted on an end portion
of a horizontally disposed drive shaft 207 jour-
naled in suitable brackets such as, for example, -
a bracket 208 attached to the lower face of the
end plate (56 of the machine frame 41 by boits
209. Therefore, it will be seen that when the
shaft 207 is rotated, the shaft 181 is driven there-
by and is effective to cause the sprockets 186, 180,
181 and 199 to rotate and thereby effect rota-
tion of the chain 202.

Another bevel gear 211 is attached to the shaft
201, for rotation therewith, and is engaged with
a gear 213 mounted on the lower end portion of
a shaft 215 journaled in a bracket 217 secured
to the upper face of the end plate 156 by bolts
219. A pinion gear 22{ is mounted on the upper
end portion of the shaft 215 and is engaged with :
a spur gear 222 connected to the plate 168.

A bearing 224 is mounted on the sleeve 112 be-
low the guide-ring (66 and is attached to the
sleeve by suitable means such as a set screw 228.
The spur gear 222 rests on, and is supported by
the bearing 224 to thereby afford additional sup-
port for the guide-ring 166 and the creel 150.

Like the guide-rings 66 and 86b, and the guide-
chain 102, the guide-ring 166 and the guide-chain
202 have a plurality of guide-eyes or grommets

70 228 and 230, respectively, mounted thereon

; through whlch the threads or strands of rein-
{ forcing material are threaded from correspond-

it will be seen that in the head 44, a creel! 150 ' ing spools 152 on the creel 188 into the bit of

bearing a plurality of spools 152 is mounted on
a plurality of rollers 153 journaled in bearings 75

the rollers 23 and 24, and which constitute ten--
sloning devices for insuring the proper tension
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of the strands passing into the bite of the rollers
23 and 24,

From the foregoing, it will be seen that the
guide-chains 102 and 202, and their associated
guide-rings and creels, may be driven by the drive
shafts 107 and 207, respectively, in either one
of two directions. During an operation of my
machine, the guide-chains 102 and 202 are simul-
taneously rotated, and, during such time, I pre-
fer that the shafts 107 and 207 be driven in such
a manner that the chains 102 and 202 are ro-
tated at the same speed but in opposite direc-
tions. However, this is merely a matter of per-
sonal preference, the reinforcing strands applied
to the web W in this manner assuming the pat-
tern shown in Figs. 6 and 8, as will be discussed
in greater detail presently, and it will be noted
that the chains 102 and 202 may be driven in
other ways such as, for example, in the same di-
rection whereby the strands are applied to the
web in the pattern shown in Fig. 8, as will also
be discussed in greater detail hereinafter, and
which comprises a modified form of my inveh-
tion.

In preparing my novel machine M for opera-
tion, the sheet S{ may be extended from the spool
20, over the rollers 27 and 28 into the bite of the
rollers 23 and 24, and the sheet S2 may he ex-
tended from the spool 21, over the rollers 34 and
35 into face-to-face relationship with the sheet S
in the bite of the rollers 23 and 24. Thereafter,
the strands A and B of reinforeing material from
the heads 43 and 44, respectively, are threaded
through the guide-eyes 125, 126b, and 127, and
the guide-eyes 228 and 230, from the spools 66
and (52, respectively, and are extended into the
bite of the rollers between the sheets S1 and S2.

In extending the strands A and B from the
guide-chains 102 and 202, respectively, into the
bite of the rollers 23 and 24, I prefer to do this
in a manner, Fig. 1, whereby the strands extend-
ing from the front pass of the chain 102 are dis-
posed ahbove the strands extending from the rear
pass thereof, and the strands extending from
the rear pass of the chain 202 are disposed above
the strands extending from the front pass there-
of. Thus, it will be seen that the strands A and
B extend from the guide-chains 102 and 202 into
the bite of the rollers 23 and 24 in what amounts
to four sets disposed one above the other, Fig.
1; the top set extending from the front pass of
the chain 102; the next lowest set extending from
the rear pass of the chain 102; *he next lowest
set extending from the rear pass of the chain
202; and the bottom set extending from the front
pass of the chain 202. From this it will be seen
that the two sets of strands A, which comprise
the group of strands extending from the chain
102, enter the bite of the rollers 23 and 24 above
the two sets of strands B, which comprise the
group of strands extending from the chain 202.

During an operation of my novel machine M,
the sheets S1 and S2 are advanced between the
rollers 23 and 24, thereby causing the strands
of reinforcing material A and B, embedded there-
between, to be pulled longitudinally outwardly
through the guide-eyes 127 and 230 on the guide-
chains 102 and 202, respectively. In a preferred
operation of my machine M, the chain (02 is
driven in a clockwise direction and the chain 202
is driven in a counter-clockwise direction, as
viewed from the top thereof, and, therefore, it
will be seen that during such an operation the
strands A and B will not only be pulled out from
the chains 102 and 202 by the movement of the
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sheets S| and S2 between the rollers 23 and 24,
but also the movement of chains 102 and 202 will
be effective to move the strands back and forth
across the sheets Si and S2, each strand moving
across the sheets in one direction with one pass
of its guide-chain and then moving across the
sheets in the other direction with the other pass
thereof.

As previously mentioned, the group of strands
A extends from the chain (02 into the bite of the
rollers 23 and 24 in two sets, one set extending
from the front pass of the chain 102 and the
other set extending therebelow from the rear
pass thereof. Thus, it will be seen that during
an operation of my novel machine M, when those
strands extending from the front pass of the
chain 102 are being moved thereby across the
sheets S| and S2 from left to right, as viewed in
Fig. 2, the set of strands extending from the rear
pass of the chain 102 are being moved across the
sheets S| and S2 from right to left below the

. first mentioned set, so that the strands applied
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to the sheets S| and S2 in one direction are dis-
posed above those applied in the other direction.
Similarly, it will be seen that the group of strands
B extends from the chain 202 into the bite of the
rollers 23 and 24 in two sets, one set extending
from the rear pass of the chain 202, and the
other set extending from the front pass below
the first mentioned set. Therefore, it will be seen
that during the rotation of the chain 202 in the
counter-clockwise direction, as viewed in Fig. 2,
the strands which extend from the rear pass
thereof, and are being moved across the sheets
Sl and S2 from left to right thereby, are applied
to the sheets above the strands being simultane-
ously applied to the sheets from right to left by
the front pass of the chain 202.

The simultaneous application of both of these
groups of reinforeing strands to the sheets of ma-~
terial in this manner and in accordance with the
principles of my invention is effective to produce
the - novel criss-cross pattern of reinforcing
strands shown in Fig. 7, wherein alternate
strands of the reinforcing material, extending in
both directions across the sheets S| and S2, ex-
tend alternately over and under adjacent strands
crossed thereby, to thereby afford a novel pattern
wherein alternate strands in both directions are
effectively interlocked with the strands crossed
thereby.

In Fig. 7, a web W produced in this manner,
and the method of producing the same, is illus-
trated diagrammatically. Thus, it will be seen
that in Fig. 7 is diagrammatically shown a length
of the web W, onto which twenty strands Al—
Al0, and BI—BIG have been applied by the
guide-chains 102 and 202 in accordance with the
principles of my invention, the strands A(—A{0
being applied thereto by the chain 102, and the
strands BI-—BI0 being applied by the chain 202.
It will be seen that the length of the web W shown
in Fig. 7, and which extends from one end F
to the other end R, comprises such a length of

5 the sheets S| and S2 as is fed between the rollers

23 and 24 during a complete revolution of the
chains 102 and 202 so that, considering the end
R to be disposed between the bite of the rollers
23 and 24 of my machine M, the chains 102 and
202 are shown in position to again begin the pat-
tern previously begun at F and to repeat the same
on the next length of the sheets S1 and S2 to be
fed past the rollers 23 and 24.

Also, it will be noted that in Fig. 7 only ten
strands A and B are shown as being applied to
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the sheets Si and S2 by the chains 102 and 202,
instead of the thirty-two strands shown in Figs.
1, 2 and 3. However, it will be understood that
the fewer number of strands are shown in Fig. 7
only to simplify the diagrammatic illustration of
the principles of my invention, and that my in-
.-vention is not limited to any particular number
of strands but that various numbers of strands
may be applied to & web in accordance with the
principles of my invention.

In addition, it will be noted that in Fig. 7 the
strands Al—AI0 and Bi-—BI{0 are shown exfend-
ing between the guide-chains 102 and 202 and
the edge R of the web W in perpendicular rela-
tionship to the edge R, whereas, in actuality, that
portion of the strands would be disposed at an
angle to the left or right, as shown in Fig. 2, be-
cause of the movement of the chains {02 and 202
and the tension applied to the strands. However,
it will be understood that the showing of the
aforementioned portion of the strands Ai—Al0Q
and Bi—BI10 in perpendicular position in Fig. 7
is utilized so that the strands may readily be
shown as clearly separated from each other at

that point and thereby assist a person studying 2

the diagram to follow each individual strand.

It will be seen that in order fo assist in dis-
tinguishing the different strands of reinforcing
material from each other, the strands A and B
are represented, in Fig. 7, in accordance with a
code wherein: the strands A are represented by
lines of one thickness; the strands B are repre-
sented by lines of another thickness; the portions
of the strands A which are applied to the web W
by the front pass of the chain 102 are shown in
solid lines, and are indicated by the reference
members Al-—AIl0, respectively, with the sufiix,
T, added thereto; the portions of the strands
which are applied to the web W by the rear pass
of the chain 102 are shown in broken lines having
relatively large dashes, and are indicated by the
reference numerals A{—AI0, respectively, with
the suffix, B, added thereto; the portions of the
strands B which are applied to the web W by the
rear pass of the chain 202 are shown in solid lines,
and are indicated by the reference numerals
BI—BI10, respectively, with the suffix, T, added
thereto; and the portions of the strands B which
are applied to the web W by the front pass of the

chain 202 are shown in broken lines having rela- ;

tively small dashes, and are indicated by the ref-
erence numerals B{—BI10, respectively, with the
suffix, B, added thereto. However, it will be
understood that this code is used merely to aid
in distinguishing the various portions of the
strands from each other, and that I do not limit
myself to the relative sizes of strands shown
therein.

As is best seen in Fig. 7, during each rotation
of the chain 102, during an operation of my
machine, each of the strands Af—AIi0, respec-
tively, is moved in one direction across the other
strands A on one side thereof and is then moved
across the other strands A in the other direction
and on the other side thereof. Thus, for example,
it will be seen that between the ends F and R of
the web W shown in Fig. 7, the strand Af was
first moved from left to right, as viewed in Fig.
2, across the sheets Si and S2 as the guide-eye
127, through which it extended, moved across the
front pass of the chain {02, and then moved from
right to left across the sheets SI and S2 as the
guide-~eye 127, through which it extended, moved
across the rear pass of the chain 102. In this
manner, it will be seen that the strand Al was
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first lald across the web W along the path AIT
successively over the strands A2—10, respectively,
as these strands were successively moved across
the rear pass of the chain 102, and, then, as the
strand Af was moved back across the rear pass
of the chain (02, it was laid along the path AtB
successively under the strands A2—AIl0, respec-
tively, gs these strands moved across the front
pass of the chain. This pattern, it will be nuied,
is repeated for each of the individual strands
Al—AI0, respectively.

With the strands A{—AIl08 extending throigh
guides 127 which are equally spaced around the
periphery of the chain 102, it will be seen {hat
the strands A{—A{0 will be pulled back nd
forth across the sheets S{ and S2 in substantially
parallel relation to each other except toward the
side edge portions of the web W adjacent to the
trim lines Ti and T2, at which time in the appli-
cation of the various strands Al—A {0 to the web
W, the guide-eyes 127 are moving around the
ends of the orbit of the chain 102 so that the
lateral movement of the strands across the web
W is reduced, and, inasmuch as the movement
of the sheets S1 and S2 through the rollers 23
and 24 remains constant, the path of the strands
is caused to curve, Fig. 7.

What has just been stated with respect to the
strands Bi—BI10. Thus, it will be seen that dur-
ing each rotation of the chain 202, the group of
strands B extending forwardly from the chain
202 is rotated upon itself, and each of the strands
B{ and BI0, respectively, is pulled across each
of the other strands B{—BI0 in two directions,
crossing the other strands on one side and then
the other. Also, it will ke noted that, like the
guide~eyes 127 on the chain 102, the guide-eysas
230 are equally spaced around the orbit of the
chain 202 so that the strands Bi—BIi0 are applied
to the web W in equally spaced parallel relation
in each direction except at the side edge portion
of the web W where, like the strands Al—AIO,
they curve back toward the other direction.

In the preferred embodiment of my novel
machine M, the chains 102 and 202 are preferably

~driven by the shafts 107 and 207 at the same

rate of rotation, and the guides 127 and 230 sre
equally spaced thereon, so that those portions »f
the strands A{—AI0 and BiI—Bi0 which ¢ e
applied to the web W in the same direction ¢ re
disposed in substantially equally spaced, paralel
relation at the mid-portion of the web, with each
strand A and B disposed between an adjacent
pair of the other group of strands B and A,
respectively. However, it will be understood that
variations in this arrangement may be made Ly
those skilled in the art without departing from
the purview of my invention.

It will be remembered that the chains 162 and
202 are rotated simultaneously during an opera-
tion of my machine M, and, therefore, it will ve -
seen that with the strands Af—A10 and BI—B{§
extending from the chains 102 and 202 in four
sets, as previously discussed, the strands Al—Ai0
will always be applied to the web W along the
paths AVT-—AI{O0T, respectively, above all the
other strands crossed thereby; the strands
BI—BI0 will always be applied to the web W
along the paths BiB-—BIi0B, respectively, below
all the other strands crossed thereby; but the
strands AI—AI0 will always be applied to the
web W along the paths AIB—AI0B, respestive'y,
in a manner wherein they cross. under the strand
portions AIT—AIOT and over the strard p *-
tions BIT—BIOT; and the strands Bi—B(0 will
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always be applied to the web W aléng the paths
BIT—BIOT, respectively, in a manner wherein
they ‘cross under the strands A{T—AI0T but
cross over the strand portions BiB—BI0B.
Thus, it will be seen that, although each of the
strand portions AIT—AIOT extend across all
strands crossed thereby on one side thereof, each
of the strand portions B{T—B{0T, which com-
prise alternate strands, extending across the web
W in the same direction as. the strand portions
AIT—AIOT, extend alternately under a strand
portion A{B—AI0B and then over a strand por-
tion BiIB—BI0B, so that at least every other
one of the strand portions lying across the web
W in each direction is interlocked between adja-
cent strands crossed thereby and is-held there-
by against displacement transversely to the face
of the web W. Such construction, it will be seen,
imparts good strength and tear-resistant char-
acteristics to the web W produced in this novel
manner. Also, it will be seen that such a web
has far better strength and tear-resistant char-
acteristics than do the webs produced in the
manner heretofore commonly employed, where-

in the reinforcing strands crossed each other in :

& manner wherein all the strands running in one
direction crossed all the other strands on- the
same side thereof, such as, for example, in the
webs shown in the aforementioned Pember. and
Bird Patent No. 285,838 and the Currier Patent
No. 1,460,949,

Also, it will be seen that the webs formed in
accordance with. my aforementioned method may
be produced in a much simpler manner and with
much simpler machines than is possible if the
strands are woven together with the usual weav-
ing machine, as was heretofore considered nec-
essary when it was desired to have interlocking
crossed strands of reinforcing material.

‘Also, it will be noted that in some instances,
such as, for example, in instances where the ad-
hesive used is slow setting, or for other reasons
the strands A and B are not firmly held in po-
sition between the rollers 23 and 24 against the
tension applied thereto, it may be desirable to
use guide means of any one of several types,
which are well known to those skilled in the art,
such as, for example, the guide rods 23 and 24
shown In the previously mentioneq Currier Pat-
ent No. 1,460,949, However, it will be seen that
such a guide device may be embodied in my
novel machine bv those skilled in the art without
departing from the purview of my invention.

As was previously mentioned, in some instances
it may be desirable to rotate the chains 102 and
202 in the same direction during an operation
of my novel machine M. When this is desired,
the drive shafts 107 and 207 may be driven in
ooposite directions, thereby causing the chains

102 and 202 to be rotated in the same direction.:

Also, of course, in that event, it will be under-

stood that the relative positions of the chains

102 and 202 should preferably be re-adjusted so
that the guide-eyes 127 and 230 will be re-posi-
tioned relative to each other in a manner where-
by the strands applied to the web W’ by the front
passes of the chains 102 and 202, and the strands
applied to the web W’ by the rear passes of the
chains 102 and 202 will be disposed on the web in
proper, substantially equally spaced relation.
‘The pattern of strands produced by operation of
the machine M in this latter manner is illus-
trated in Figs. 6 and 8, wherein parts of the web
shown. therein which are similar to those shown
in. Figs.'5 and 7 are indicated by the same refer-
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‘ence numerals with a “prime” mark added there-

to, and the strands of reinforcing material cor-
responding to strands A and B are indicated by
the reference characters C and D, respectively,
In preparing the machine M for operation in
this latter manner, as in preparing it for op-
eration in the aforementioned preferred manner,
the strands are extended from the chains 102 and
202 to the rollers 23 and 24 in four sets, with the
top set extending from the front pass of the
chain (02, the next set extending from the rear
pass of the chain (02, the next set extending from
the rear pass of the chain 202, and the lowest
set extending from the front pass of the chain
202. Thus, it will be seen that with the two
chains 102 and 202 rotating in a clockwise direc-
tion, as viewed in Fig. 8, the strands CI—CI#
will ‘-be laid across the web W’ along the paths
CIT—C{0T and CiB-CIi0B by the front and

‘rear passes, respectively, of the chain 102; and

the strands DI—DI{0 will be laid across the web
W’ along the paths DIT—DI0T and DIB—D10B

by the rear and front passes of the chain 202

respectively.

Therefore, it will be seen that with the machine
M operating in this latter manner the two out-
side sets' of strands, namely, those applied to
the web W’ by the front passes of the chains 102
and 202, respectively, will be applied thereto in
substantially parallel spaced relation to each
other; and the two intermediate sets of strands,
namely, those applied to the web W’ by the rear
passes of the chains 102 and 202 wil] likewise
be applied to the web W’ in substantially parallel
spaced relation to each other, in a direction
transverse to that in which the aforementioned
outside sets are applied. Thus, it will be seen
that in a web produced in this manner, the
strands CI—CI10 and DI—DI10 will-be laid across
the web in parallel paths CIT—CIOT and
DIB—DI0B, respectively, with the strand por-
tions CIT—CI0T disposed above all the strands
crossed thereby, and the strand-portions DIB—
DI0B disposed below all the strands crossed
thereby; and the strands CI—CI10 and Di—DI(0
will be laid across the web in parallel paths

- CIB—CI0B and DIT—DI0OT, transversely to the
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paths CIT—CI0T and DIB—DI{0B, with each
of the strand portions CIB—CI0B and DIT—
DI0T, extending alternately over and under
adjacent strands crossed thereby, and with adja-
cent strand portions C{T—CH0T and DIB—DI0B,
respectively, crossing over the same strand on
opposite sides thereof, for example, it will be
seen, Fig. 8, that the strand C8T crosses over
the strand D8T, and the strand D5B, which is
adjacent to the strand C8T, crosses under the
strand D8T. Thus, it will be seen that, as in
the web W shown in Fig. 7, the reinforeing strands
C and D embodied in the web W’ shown in Fig. 8,
are disposed therein in a novel interlocking pat-

‘tern affording good strength and tear-resistant

characteristics to the web W’, and that although

‘the patterns of the reinforcing strands in the

webs W and W’ formed by the two methods,
respectively, are somewhat different in specific

details, they are, in general, the same, each hav-

70

75

ing predetermined strands extending across the

web in at least one direction disposed alternately
over and under adjacent strands crossed thereby,
and each web having a pattern of reinforcing

-strands wherein good tear-resistance is imparted
‘to the web in all directions.

‘From the foregoing it will be seen that in the

‘practice -of ‘my invention, ‘whether the guide-
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chains are rotated in the same direction or in
opposite directions, the two groups of reinfore-
ing strands are applied to the sheets St and S2
by feeding the individual strands longitudinally
onto the face of the sheets and simultaneously
rotating each group of strands upon itself. By
this method of applying the strands to the sheets,
it will be seen that it has been made possible
to produce an interlocking pattern of reinforcing
strands by a novel method wherein the movement
of the strands transversely to the sheets may be
effected by a rotating member -such as, for ex-
ample, the guide-chains (02 and 202.

As previously mentioned, in forming the web
W of reflective heat-insulation by either of afore-
mentioned methods, I prefer to apply the ad-
hesive material only to a limited portion thereof,
leaving the side marginal edge portions uncoated
so that these side edge portions are not bonded
together. One of the reasons for preferring this
procedure is that the adhesive then does not run
out the sides of the sheets S{ and S2 when the
latter are pressed together by the rollers 23 and
24 and, therefore, the rollers 23 and 24 and other
similar parts of the machine M are kept free of
adhesive material. However, it will be seen that
this procedure results in the side marginal edge
portions of the web W, Fig. 7, and the web W',
Fig. 8, outside of the trim lines Tl and T2, and
T'1 and T2, respectively, not being bonded to-
gether and not having reinforcing strands dis-
posed therebetween when the sheets St and S2
are passed between the rollers 23 and 24. As &
practical matter, I prefer to trim off the side edge
portions of the webs W and W’ along the lines
Ti{ and T2, and Tl and T'2, respectively, as
shown along the lines T1 and T’ i in Figs. 5 and 6,
respectively, so that this unbonded and unrein-
forced edge portion is removed from the finished
web.

It will be noted that, when the webs W and W’
are trimmed along the lines Tl and T2, and T'#
and T’2, respectively, the curved ends of the
strands of reinforcing material are disposed along
the side edge portions of the trimmed web and,
in ‘effect, form a border therefor. In some in-
stances, it may be desirable that this border be
removed and, in such a case, the webs W and W’
may, if desired, be trimmed along lines disposed
further inwardly such as, for example, the lines
T3 and T4, Fig. 7, and the lines T'3 and T'4,
Fig. 8. This latter trimming will obviously
result in webs wherein the strands extending
across each other are unconnected at their ends
as shown along the edges T4 and T'4 in Figs.
5 and 6, respectively. ° '

while the invention has been shown and de-
scribed as employed in the manufacture of rein-
forced reflective heat insulating material, it will
be noted that other products such as, for ex-
ample, reinforced building-paper, reinforced
fabric, and other types of reinforced sheet mate-
rial, both flexible and inflexible, may be produced
in accordance with the principles of my inven-
tion and that reflective heat-insulation is set
forth herein merely by way of illustration and
not by way of limitation. Furthermore, it will
be understood that materials other than those
set forth above may be used in the machine M,
and used in accordance with the principles of my
invention without departing from the purview of
my invention. Thus, for example, it wili be seen
that in the production of laminated webs or
sheets other than the specific form of reflective
heat-insulation material above, the sheets Si
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and 82 need not be made from flexible paper
sheeting coated with reflective material but may
comprise any of several different materials, such
as fabric, pressed cellulose-actate rayon sheets,
uncoated paper, sheets of paper pulp, and the
like; the adhesive need not be asphalt but other
suiteble adhesive may be used such as, for ex-
ample, cellulose adhesives, animal and vegetable
glues, including casein, naturally occurring and
synthetic resinous adhesives, and the like; and
the reinforcing strands need not be made of
rayon but, under. suitable conditions, may com-
prise any one of several suitable materials such
aisl; for example, nylon, jute, glass filbers, and the
like.

Thus, it will be seen that my invention is not
limited to the production of any one article, or
to the use of any specific materials, and that
various types of reinforced webs or sheets may
be made and various suitable materials may be
used without departing from the purview of my
invention.

From the foregoing it will be seen that I have
afforded a novel reinforced web which may be
produced in a novel and expeditious manner by
methods which may be readily performed in ma-
chines which are practical in construction and
efficient in operation and has good strength and
tear-resistant characteristics not found in webs
heretofore known in the art.

Furthermore, it will be seen that I have pro-
vided a novel reinforced web which has good
strength and tear-resistant characteristics.

Also, it will be seen that, although it has long
been the feeling of those skilled in the art that
in the manufacture of reinforced webs, the rein-
foreing strands could not be applied thereto in a
criss-cross, interlocking nattern by a method
wherein the strands are payed out by a purely
rotary motion, I have afforded a novel and ex-
peditious method of so producing reinforced webs
wherein the reinforcing strands are disposed in
such a pattern.

In addition, it will be seen that I have also
afforded a novel machine for producing the
aforementioned novel web by the previously men-
tioned novel method. )

Thus, while I have illustrated and described the
preferred embodiments of my invention, it is to be
understood that these are capable of variation
and modification and I therefore do not wish to
be limited to the precise details set forth, but
desire to avail myself of such changes and altera-
tions as fall within the purview of the following
claims:

I claim:

- 1. An article of manufacture comprising a web
of material having two oppositely disposed side
edges, a row of strands of reinforcing material
attached to and extending across sald web be-
tween the side edge portions thereof in spaced
relation to each other, a row of other strands of
reinforcing material attached to and extending
across said web between the side edge portions
thereof in spaced relation to each other and
transversely to said first mentioned strands, each
of said strands in each of sald rows extending
across a plurality of strands in the other of said
rows between the ends of the latter strands, pre-
determined ones of said strands attached to said
web being mounted thereon in a manner such
that each of said predetermined strands is dis-
posed on the same side of each strand it crosses,
and predetermined other ones of said strands
attached to said web being mounted thereon in &
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mManter such that each of said last-mentioned
predetermined strands is disposed alternately on
one side and on the opposite side of adjacent
strands it crosses.

2. An article of manufacture comprising a web
of material having two oppositely disposed side
edges, a row of strands of reinforcing material
attached to and extending across said web be-
tween the side edge portions thereof in spaced
relation to each other, a row of other strands of
reinforcing material attached to and extending
across said web between the side edge portions
thereof in spaced relation to each other and
transversely to said first mentioned strands, each
of said strands in each of said rows extending
across a plurality of strands in the other of said
rows between the ends of the latter strands, in-
dividual ones of certain of said other strands
being disposed on the same side of all of said first
mentioned strands that said individual strand
crosses, and individual ones of said first men-
tioned strands being disposed alternately on one
side and the opposite side of the adjacent ones of
said other strands that said last mentioned indi-
vidual strand crosses.

3. A web of reinforced material comprising two
sheet members disposed in parallel stacked rela-
tion to each other and each having two oppositely
disposed edge portions, adhesive material dis-
posed between said sheet members and holding
the latter together, two groups of elongated
strands of reinforcing material embedded in said
adhesive ‘mafterial, each of said groups compris-
ing a plurality of elongated strands extending
through said adhesive in a zig-zag course be-
tween said two oppositely disposed edge portions
of each of said sheet members, each of said
strands in both of said groups extending alter-
nately in one direction and then another across
a plurality of the other of said strands in both of
said groups between the ends of the latter strands,
each strand in one of said groups always extend-
ing across on the same side of said strands in the
other of said groups when crossing said latter
strands in either of said directions.

4. A web of reinforced material comprising two
sheet members disposed in parallel stacked rela-
tion to each other and each having two oppositely
disposed edge portions, adhesive material dis-
posed between said sheet members and holding
the latter together, two groups of elongated
strands of reinforcing material embedded in said
adhesive material, each of said sroups compris-
ing a plurality of elongated strands extending
through said adhesive in a zig-zag course be-
tween said two oppositely disposed edge portions
of each of said sheet members, each of said
strands in both of said groups extending alter-
nately in one direction and then another across
a plurality of the other of said strands in both
of said groups between the ends of the latter
strands, each strand in each of said groups being
disposed between a respective pair of adjacent
strands in the other of said groups, each strand
in each of said groups always extending across
strands in the other of said groups on the same
side thereof, and each strand in each of said
groups- always extending across strands in the
other of said groups on the same side as that on
which the-other strands of the group in which
said strand is located extends across said strands
in the other of said groups.

5. A web of reinforced material comprising two
sheets of flexible material disposed in face-to-
face relationship to each other and each having
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two side edge portlons, adhesive material dis-
posed between said sheets for attaching said
sheets together, a plurality of strands of reinfore-
ing material embedded in said adhesive material
and extending across the adjacent faces of said
two sheets in parallel relation thereto and trans-
versely to said side edge portions, said strands
being spaced transversely from each other be-
tween said side edge portions, a plurality of other
strands of reinforcing material embedded in said
adhesive material and extending across the ad-
jacent faces of said two sheets in parallel rela-
tion thereto and transversely to said side edge
portions, said last mentioned strands being
spaced transversely from each other between
said side edge portions, each of said last men-
tioned strands extending fransversely across &
plurality of said first mentioned strands between
the ends of the latter, and each of said first men-
tioned strands extending transversely across a
plurality of said other strands between the ends
of the latter, predetermined alternate ones of said
first mentioned strands always extending across
each of said other strands crossed thereby on the
same side thereof, and at least alternate ones of
said other strands always extending across said
first mentioned strands in a manner whereby
each of said alternate ones of said other strands.
extends across adjacent ones of said first men-
tioned strands on opposite sides thereof.

6. A web of reinforced material comprising two
sheets of flexible material disposed in face-to-
face relationship to each other and each having
two side edge port.ons, adhesive material disposed
between said sheets in contact therewith for hold-
ing said sheets together, a group of strands of
flexible reinforcing material mounted in said ad-
hesive material between said two sheets, said
strands extending back and forth in a zig-zag
path between sa.d two sheets in parallel relation
thereto and transversely to said side edge portions
thereof, said strands being transversely spaced
from each other between said side edge portions
of said sheets, a group of other strands of flex-
ible reinforcing material mounted in said ad-
hesive between said two sheets, said other strands
extending back and forth in a zig-zag path be-
tween said two sheets in parallel relation there-
to and transversely to said side edge portions
thereof, said other strands being transversely
spaced from each other beftween said side edge
portions, each strand in each of said sroups be-
ing disposed between a respective pair of strands
in the other of sa.d groups, each strand in each
of said groups extending across a plurality of
strands in both of said groups between said side
edge portions, each individual strand in one of

‘'said groups extending across said plurality of

strands in both groups in one direction in a man-
ner whereby each said individual strand extends
across strands in the same group on one side

. thereof and extends across strands in the other
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one of said two groups on the opposite side there-
of. :

7. Areinforced web comprising two sheet mem-
bers disposed in face-to-face relationship to each
other and each having two side edge portions,
adhesive material disposed between said two
sheets and holding said sheets together, and two
rows of elongated strands mounted in said ad-
hesive material and extending transversely across
said sheets and each other bhetween said side
edge portions, predetermined alternate strands in
one of said rows crossing adjacent strands in the
other of said rows alfernately on one side and
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the side opposite thereto, other strands in sald
one row extending across all strands in said other
row which are crossed thereby on the same side
thereof.

8. A reinforced web comprising two sheets of
flexible material disposed mn face-to-face rela-
tionship to each other and each having two side
edge portions, adhesive material disposed be-
tween said two sheets and holding said sheets
together, and two rows of elongated strands
mounted in said adhesive material and extending
transversely across sa.d sheets and each other
between said side edge portions, predetermined
strands in each of said rows crossing adjacent
strands in the other of said rows alternately on
one side and the side opposite thereto, other
strands in each of said rows crossing all strands
crossed thereby in the other of said rows on the
same side thereof.

9. A reinforced web comprising two sheets of
material disposed in face-to-face relationship to
each other and each having two side edge por-
tions, adhesive material disposed between said
two sheets and holding said sheets together, and
two rows of elongated strand portions mounted in
said adhesive mater.al and extending transverse-
1y across said sheets and each other between said
side edge portions, predetermined strand portions
in each of said rows being separated by other
strand portions in the same row, said predeter-
mined strand portions in each of said rows cross-
ing adjacent strand port.ons in the other of said
rows alternately on one side and the side op-
posite thereto, said other strand portions in each
of said rows crossing all strand portions crossed
thereby in the other of said rows on the same
side thereof.

10. A reinforced web comprising two sheets of
madterial disposed in face-to-face relationship to
each other and each having two side edge por-
tions, adhesive material disposed between said
two sheets and holding said sheets together, and
two rows. of elongated strands mounted in said
adhesive material and extending transversely
across. said sheets and each other between said
side edge portions, said strands in one of said
rows extending across adjacent strands crossed
thereby in the other of said rows alternately on
one side and the side opposite thereto, individual
‘strands in the other of said rows extending across
all strands crossed thereby in said one row on the
same side thereof. .

11. A reinforced web comprising two sheets of
material disposed in face-to-face relationship to
each other and each having two side edge por-
tions, adhesive material disposed between said
two sheets for holding said sheets together, and
two rows of elongated strand portions mounted
in said adhesive material and extending trans-
versely across said sheets and each other be-
tween said side edge portions, said strand por-
tions in one of said rows extending across adja-
cent strand portions crossed thereby in the other
of said rows alternately on one side and the side
opposite thereto, each of said strand portions in
said one row extending across each individual
strand portion crossed thereby in said other row
on the same side as the other strangd portions in
said one row which extend across that individual
strand portion.

12. A reinforced web comprising two sheets of
material disposed in face-to-face relationship to
each other and each having two side edge por-
tions, adhesive material disposed between said
two sheets and holding said sheets together, and
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. two rows of elongated strands mounted in sald

adhesive material and extending transversely
across said sheets and each other hetween said
side edge portions, each of said strands in one
of sald rows extending across adjacent strands
crossed thereby in the other of said rows alter-
nately on one side and the side opposite thereto,
and each strand in the other of said rows ex-

‘tending across all strands crossed thereby in s id

one row on the same side thereof.

13. A reinforced web comprising two sheets f
fiexible material disposed in face-to-face rela.
tionship to each other and each having two si le
edge portions, adhesive material disposed lLe-
tween said two sheets for holding said sheets {5-
gether, and two rows of elongated strands mour t-
ed in said adhesive material and extending trans-
versely across said sheets and each other between
said side edge portions, each of said strands in
one of said rows extending across adjacent
strands crossed thereby in the other of sald rows
alternately on one side and the side opposite
thereto, and each strand in the other of said rows
extending across all strands crossed thereby in
said one row on the same side thereof, each in-
dividual strand in said other row crossing all
said strands in said one row crossed thereby on
the side opposite to that on which strands in said
other row adjacent to said individual strand cross
said strands in said one row.

14. A heat-insulation web comprising two
sheets of flexible heat insulating material dis-
posed in face-to-face relation to each other and
each having two oppositely disposed edge por-
tions, asphalt disposed between said two sheets
in contact therewith and bonding said two sheets
together, a plurality of strands of flexible mate -
rial embedded in said asphalt, said strands be-
ing arranged in two rows with said strands in
each row extending transversely across said
sheets and said strands in the other row between
said side edge portions, each of said rows of
strands comprising two sets of strands, each of
said sets comprising a plurality of strands, each
individual strand in each of said séts in each
row being disposed between adjacent strands in
the other set in the same row, all of said strancs
in one set in one of said rows extending across
adjacent strands crossed thereby in the other . {
said rows alternately on one side and the side or -
posite thereto,~and all of said strands in one st
in said other one of said rows extending across
all strands crossed thereby in said one row on the
same side thereof.

15, A web-forming machine comprising tw)
rollers disposed in adjacent parallel position rel-
ative to each other and adapted to press sheet
members between them, means for feeding elon-
gated -sheet members into the bite of the rollers
in parallel face-to-face relationship to each
other, means for applying adhesive to the adja-
cent faces of said sheets before said sheets enter
sald bite, and means for feeding elongated strands
of reinforcing material into the bite of the roll-
ers between said sheets of material, said last
named means comprising a pair of continuous
chains disposed in parallel relation to each other
and each rotatable in an orbit substantially par-
allel to the plane of the portion of said sheets
disposed between said two rollers and each hav-
ing means thereon for guiding a plurality of said
strands toward said bite of said rollers in r.paced
relation to each other.

16. A machine for forming reinforced webs < {
flexible material, said machine comprising tv.o
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pressing members mounted in parallel spaced re~
lation to each other and adapted to press flex-~

ible material therebetween, means for feeding

elongated sheets of material into the space be-
tween sald members, and means for feeding
strands of reinforcing material into the space be-
tween sald members between said sheets, said
last named means comprising two rotatable mem-
bers each adapted to move a plurality of strands
of reinforcing material in two planes transverse-
1y to said sheets of paper entering said space be-
tween said pressing members, said two planes in
which said strands are moved by each rotatable
member being different than the two planes in
which said strands are moved by the other of
said rotatable members.

17. A machine for forming a reinforced web of
flexible material comprising two elongated roll-
ers mounted adjacent to each other for pressing
such a web therebetween, means for feeding two
elongated sheets of paper into the bite of said
rollers in face-to-face relation to each other,
means for applying adhesive to the adjacent faces
of said two sheets, means for feeding strands of
flexible reinforcing material into the bite of said
rollers between said sheets, said last named
means comprising two feed units, each of said
feed units comprising a supporting member and
a plurality of strand guides mounted thereon in
spaced relation to each other in a manner where-
by a portion of said plurality of guides are dis-
posed in one line parallel to the bite between said
rollers and another portion of said plurality of
guides are disposed in another line parallel to
said one line, each of said supporting members
being movable in a manner effective to move said
guides disposed in said one line transverseiy
across said sheets in one direction and to move
said guides disposed in said other line transverse-
ly across said sheets in another direction.

18. In a machine for making reinforced webs
and of the type including a pair of rollers dis-
posed in operative position relative to each other
for compressing sheets of flexible material there-
between, said rollers being disposed in position to
afford a horizontally disposed bite, means for
feeding two elongated sheets of flexible material
into the bite of said rollers in parallel, face-to-
face relationship, and means for applying adhe-
sive material to the adjacent faces of said sheets
before said sheets enter said bite of said rollers,
the combination of & supporting frame, and
means mounted on said frame for feeding strands
of flexible reinforcing material into the bite of
said rollers between said two sheets, said last
named means comprising two continuous chain
members disposed in parallel alignment one be-
low the other, each of said chains being movable
in an elongated orbit with the major axis of the
orbit disposed in parallel alignment with the bite
of said rollers, a plurality of guide members dis-
- posed on the outer periphery of said chains in
spaced relation to each other, and means rotat-
able with said chains for feeding a plurality of
strands of reinforcing material through said
guides into said bite between said rollers.

19. A machine for forming reinforced flexible
webbing and comprising a pair of rollers for
squeezing material inserted therebetween, means
for feeding two sheets of flexible material into
the bite of said rollers in face-to-face relation
to each other, means for applying adhesive ma-
terial to the adjacent faces of said sheets before
said sheets enter said bite, and means for feed-
ing strands of flexible material into said adhe-
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sive material and into said bite of sald rollers
between said sheets as four sets of strands, said
last named means comprising two rotatable mem-
bers each having substantially annular portions
through which said strands are fed in spaced re-
lation to each other, said annular portions being
disposed in position for rotation in planes sub-
stantially parallel to each other and to the bite
of said rollers, and means for simultaneously
rotating sald rotatable members to thereby move
said strands back and forth across a portion of
the length of said bite with said four sets being
disposed in different planes, certain of said sets
being moved in one direction while the other of
if,id sets are being moved in the opposite direc-.
on.

20. A machine for forming reinforced flexible
webbing, a pair of compression rollers, means for
feeding two elongated sheets of flexible material
longitudineally into face-to-face relation to each
other between said two rollers and for passing
said two sheets between said two rollers, means
for applying adhesive to the adjacent faces of
said two sheets before said sheets pass between
said rollers, said rollers being disposed relative
to each other so as to be effective to press said
sheets together during passage thereof between
said rollers, and means for feeding a plurality
of strands of flexible reinforcing material in a
criss-cross pattern into said adhesive material
between said two sheets as said two sheets enter
between said rollers, said last named means com-
prising two rotatable feeding devices operative
to simultaneously pay out such strands of flexi-
ble material in four planes of a plurality of
strands each into said adhesive material between
said sheets as said sheets advance into said rollers,
and means for simultaneously rotating said feed-
ing devices to thereby move said strands in each
of said planes transversely to the length of said
sheets as said strands are payed out with the
strands in certain of said planes being moved in
the opposite direction fo the strands in the other
of said planes.

21. In a machine for making reinforced webs
and of the type including a pair of rollers dis-
posed in operative position relative to each other
for compressing sheets of flexible material there-
between, said rollers being disposed in position
to afford a horizontally disposed bite, means for
feeding two elongated sheets of flexible material
into the bite of said rollers in parallel, face-to-
face relationship, and means for applying ad-
hesive material to the adjacent faces of said
sheets before said sheets enter said bite of said
rollers, the combination of a supporting frame,
and means mounted on said frame for feeding
strands of flexible reinforcing material into the
bite of said rollers between said two sheets, said
last named means comprising two pairs of
sprocket wheels rotatably mounted on said frame,
two continuous chains, each of said chains being
trained over a corresponding pair of said sprocket
wheels and movable therearound in an elongated
orbit, the major axis of each of the orbits of said
chains being disposed in parallel alignment with
the bite of said rollers, two creels rotatably
mounted on said frame, each of said creels be-
ing disposed in parallel relation to a correspond-
ing one of said chains, two guide-rings, each of
said guide-rings being connected to a correspond-
ing one of said creels for rotation therewith,
a plurality of guide members mounted on said
chains and said guide-rings for rotation there-
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with, driving means including two shafts jour-
naled on said frame and operatively connected to
said chains, guide-rings and creels for rotating
said chains, guide-rings and creels in synchro-
nization with each other, and means on each of
said creels for paying out strands of reinforcing
material through said guide members on said
guide-rings and chains into the bite of said rollers
during rotation of said creels, guide-rings and
chains,

22. In a machine for making reinforced webs,
a pair of rollers disposed in operative position
relative to each other for compressing sheets of
flexible material therebetween, sald rollers being
disposed in position to afford a horizontally dis-
posed bite, means for feeding two elongated sheets
of flexible material into the bite of said rollers
in parallel, face-to-face relationship and for
passing said sheets between said rollers in said
relationship, means for applying adhesive ma-
terial to the adjacent faces of said sheets before
said sheets enter said bite of said rollers, & sup-
porting frame, and means mounted on said frame
for feeding a plurality of strands of flexible re-
inforcing material into the bite of said rollers
between said two sheets as said two sheets ad-
vance into said bite, said last named means com-
prising two drive shafts journaled in said frame
in axial alignment with each other, two creels
rotatably mounted on said frame in parallel
spaced relation to each other, each of said creels
being connected to a respective one of said shafts
for rotation therewith, two guide-rings rotatably
mounted on said frame in parallel spaced rela-
tion to each other, each of said rings being con-
nected to a respective one of said creels for ro-
tation therewith at the same speed of rotation,
two continuous chains rotatably mounted on said
frame in parallel spaced relation to each other,
each of said chains being connected to a respec-
tive one of said creels for rotation therewith at
the same speed of rotation, a plurality of guide
members mounted on and carried by each of said
rings and said chain for rotation therewith,
each of said guide members on each of said
rings having a corresponding guide member on
the chain connected to the same creel, means
for rotating said shafts in timed relation to
the advance of said sheets between said rollers
to thereby rotate said creels, rings and chains in
timeqd rotation to said advance of said sheets be~
tween said rollers, and means mounted on said
creels for paying out individual strands of re-
inforeing material through said corresponding
guide members on said rings and chains into the
bite of said rollers during advance of said sheets
into said bite.

23. The method of making a reinforced web
which comprises progressively bonding two sheets
of flexible material fogether while simultaneously
feeding two groups of elongated reinforcing
strands longitudinally between said sheets and
at the same time rofating each group of strands
upon itself.

24. The method of making a reinforced web
which comprises simultaneously feeding four sets
of strands in a zig-zag manner into the space
between two sheets disposed in stacked relation
to each cother with certain of said sets being
moved across said sheets in the opposite direc-
tion to that in which the other of said sets are
moving, and bonding said sheets and said strands
together.

925. The method of making a reinforced web
comprising progressively bonding two sheets of
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material together in face-to-face relation to each
other while simultaneously feeding four sets of
strands disposed in different planes into the space
between sald sheets, said sets of strands being
simultaneously moved across the faces of said
sheets, and certain of said sets of strands being
moved in the opposite direction to the other of
said sets.

26. ‘The method of making a reinforced web
which comprises progressively bonding together,
in a. longitudinal direction, a predetermined
longitudinally extending central portion of two
elongated sheets of material, while simultane-
ously feeding two groups of elongated reinforcing
strands longitudinally between sald sheets and
moving said strands back and forth across the
full width of said central portion of said sheets
by rotating each group of strands upon itself
through an orbit having an axis parallel to the
width of said sheet.

27. The method of making a reinforced web
which comprises attaching one end of each strand
of two groups of strands of flexible material to
an elongated sheet, and pressing said strands
upon said sheet in a predetermined pattern while
rofating each group of strands upon itself
through an orbit having an axis parallel to and
the width of said sheet.

28. The method of making a reinforced web
which comprises feeding two elongated sheets of
flexible material longitudinally into face-to-face
relationship, and simultaneously feeding elon-
gated strands of flexible material, disposed in two
groups, between sald sheets under pressure while
simultaneously rotating each of said groups of
strands upon itself through an orbit one axis of
which is parallel to the width of said sheets and
which orbit overlaps the orbit of the other of said
groups.

29. In the art of making a reinforced web of
the type which is formed by passing sheets of
flexible material between opposed pressure rolis,
the improvement which resides in applying ad-
hesive material to one face of an elongated sheet
of flexible material, feeding said sheet and an-
other elongated sheet of flexible material longi-
tudinally into the bite between such rolls with
said one face of said one sheet disposed adjacent
to a face of said other sheet, and feeding a plu-
rality of elongated strands of flexible material,
disposed in two groups, longitudinally into the
said bite and between said sheets in g direction
transverse to the length of the said bite while
simultaneously rotating each of said groups of
strands upon itself through an orbit having an
axis of rotation disposed tranversely to the length
of the said bite and with said orbits overlapping
each other in a direction extending across said
sheet.

30. In the art of making a reinforced web of
the type which is formed by passing sheets of
flexible material between opposed pressure rolls,
the improvement which resides in applying ad-
hesive material to one face of an elongated sheet
of flexible material, feeding said sheet and an-
other elongated sheet of flexible material longi-
tudinally into the bite between such rolls with
said one face of said one sheet disposed adjacent
to a face of said other sheet, and longitudinally
feeding a plurality of elongated strands which

-~ are disposed in two groups into the bite of the
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said rolls between said two sheets while simul-
taneously rotating each of said groups upon
themselves in an orbit disposed in parallel align«
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ment with the orbit through which the other of
said groups is rotated.
WARREN A. KNUDSON.
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