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' ' 6 claims. (ci. 1st-_1.7)` 

The present invention is concerned with a method and 
an apparatus for forming thread and web structures in 
a continuous manner, and is primarily directed Vto the 
manufacture of thread and web products in whichV means 
are provided for improving the physical properties of the 
product by controlled orientation of the elements 
up the product. 

While the present invention has applicability to the 
manufacture o-f numerous types of products of widely 
different characteristics, the invention will be described 
as it is applied to the field of nonwoven web and thread 
textile products. » ' »v 

`In some fields, nonwoven Webs composed of cotton 
fibers, rayon ñbers, or mixtures of various natural or 
synthetic fibers have very distinct advantages over woven 
textile webs. The light weight, softness, and the low 
cost of such webs are some of the characteristics which 
make them useful as replacements for the considerably 
heavier and less flexible cottonA gauze materials. The 
major drawback to the use of nonwoven webs has, of 
course,been their inherent lack of strength, when com 
pared with a woven material of the same weight per 
unit area. 

The strength of a nonwoven web in a given direction isV 
directly related to the `relative number of l’ibers of the 
web extending in that direction. With conventional ap 
paratus for forming nonwoven webs, the majority of 
the ñbers extend generally in the machine direction of 
the web so that the maximum strength occurs lengthwise 
of the web and much less strength is obtained in the 
cross-machine or transverse direction in the web. 

For many applications of nonwoven web structures, it 
is important that the transverse strength _of the web be 
comparable to, or even greater than, the strength in the 
machine direction. One practical means for accomplish 
ing this result is to provide a laminated structure in which 
the fibers of one of the webs are disposed primarily along 
the longitudinal direction of the web, and the fibers inpan 
overlying webare arranged substantially perpendicular 
to the ñbers in the first web. 
Such products are very diflicult to manufacture, espe 

cially as a continuous operation, although it should be 
mentioned that some paperboard cores are made of two 
plies of paper with the Vmachine directions of the sepa 
rate plies at an angle to each other. However, because 
of the method and apparatus employed in combining the 
paper plies in this product, the finished core results in a 
dual helix of paper webs in which the maximum strength 
is neither along the longitudinal rior the transverse axis 
of the product. 
Some other types of equipment have been suggested for 

making more nearly perfect crosslaid webs. 
such equipment is usually discontinuous in operation and 
in any event, operates at an extremely slow speed. >The 
provision of an apparatus for manufacturing such Webs 
ina continuous and rapid manner is one- of the primary 
Aobjects’of the present invention; » v v v 
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The present invention is also concerned with the pro 
vision of methods >and apparatus for making gauze 
like web or sheet products from sets of strands which are' 
laid in a cross pattern one on the other. `Other objects 
of the invention include the provision of a method'for 
manufacturing a strengthened nonwoven web in a con 
tinuo-us, rapid process, and the provision of novel 'appa 
ratus for continuously laying a cross sheet or apattern 
of threads onto a moving supporting surface which may 
also include, a sheet or a patte‘rnrof threads, andeforv 

cross sheet to provide la continuous cross-_laid cutting the 
product. 
The invention also includes the provision> of certain 

structural and operational features of great importancei 
in accomplishing the’> above stated general objects >of 'they 

’ invention. i ‘ ` 

The present application is a continuation-in-part of my 
prior application, Serial No. 390,402.9, tiled vNovember 
3, 1953,-now abandoned, 1and is assigned to the assignee’ 
of that application. ' 

Basically, the method involved in the present invention 
consists in training a supporting surface into a con 
tinuously moving helix, wrapping around the helix'a 
second helix consisting of >a sheet or of spaced strands 
such that the predominating direction-of _the fiber lay of 
the sheet, or the direction of the reinforcing strands, i-s` 
at a substantial‘and predetermined angle to the direction 
of movement of the supporting surface, 'to the end that’ 
the resulting direction of lay willbe' at an angle, alsoV 
predetermined, and preferably a right angle to the Ina 
chine direction ̀ of the finished product, and'then‘ continu" 
ously cutting the second helix‘laterally' inV a direction 
parallel to an >edge of the supporting‘surface. 

Several forms of apparatus for carrying out the above 
described method are illustrated in the drawings, in which: 

Figure l is a View in perspective of‘an 
laying a sheet material on another sheet; 

Figure 2 is a‘plan‘view ‘of the' apparatus shown in 
Figure l; ‘ a ` ‘ ` ‘ 

Figure 3 is> a fragmentary, somewhat enlarged View 
of the drum and mandrel assemblyv 'of the apparatus 
illustrated in the preceding figures; ' " ' 

Figure 4 is a somewhat schematic view of the mandrel 
and the two sheets trained ‘around the mandrel, illustrat 
ing the manner in‘which the cross sheet or other medium 
is continuously cut after its application to the main sheet` 
or other medium; ` 

Figure 5 is an'enlarged, fragmentary 
mechanism which may be employed;> 

Figure 6 is an end view of the mandrel in the direction 
of the mandrel axis; ' ' ' ' ’ ' ' i’ 

'Figure l7 is an enlarged, fragmentary view of a typical 
completed nonwoven web, the view beingA partially broken 
away to illustrate the structure of the component plies; 

Figure'S is a somewhat schematic drawing of a machine 
for applying a pattern of threads onto a web; 

Figure 9 isa fragmentary View of a gauze-like product 
which may lbe produced with the machine shown in 
Figure‘8; 

Figure 10 is a fragmentary view of an overlapped web 
structure also falling within the scope of the present in 
vention; ‘ ‘ 

Figure ll is a schematic view illustrating the various 
angular relationships which occur during theìcross: lay-Ã 
ing of the web, thread, or other mediums, one vupon the 
other; ` 

Figure 12 is a fragmentary view, partially in section, 
of an improved mandrel construction-having especial 
utility'in connection with apparatus of the general typel 
shown in Figures land 8;v “ " " " ' 

view of >a cutting 

apparatus for 
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Figure 13 is anV enlarged sectional view taken on the line 
13-13 of Figure 12; and 

Figure 14 is a perspective view of a particular belt con 
struction especially useful in the practice of the invention. 

' In Figures 1 and 2, reference numeral 10 indicates gen 
erally a frame assembly which supports the various ele 
ments in the cross laying assembly. The upper beam 
sections of the frame 10, indicated at 11, have a pair 
of angularly disposed shaft supports 12 which tightly 
engage a shaft 13 extending from a stationary mandrel 
14 and hold it against rotation. The mandrel 14 is pro 
vided along a portion of its outer surface with a helical, 
raised rib 16 to serve as a guide means for an endless 
ñexible belt 17 >composed of canvas or other ñexible 
material. The belt 17 is guided onto the surface of the 
mandrel 14 from a roller 18 and extends between the 
lands providedV by the rib 16; the width of the belt 17, 
measured on a line parallel to the axis of the mandrel 
14,' is slightly less than the pitch of theV helix provided 
by the rib 16. _ 

.Forv most types of webs, it will be desirable to use a belt 
of this nature in guiding the web around the mandrel, 
but the presence of the belt may not be required for 
webs which can conform to the mandrel surface without 
breaking upon the application of suflicient force to pull 
the web about the mandrel. Y 
The belt 17 makes at least one complete turn about the 

stationary mandrel 14 and then is trained over a driven 
roller 19. The latter has a shaft 21 supported by a 
block 22 slidably received within a slot of a bracket 
23 carried by the frame 10. Movement of the block 
22 within the slot thus provides a means for adjusting 
the tension of the belt 17. The belt then passes over a 
roller 24 having a shaft 26 supported within a block 
27 also slidably received in the slot in the bracket 23. 
The relative position of the roller 24 with respect to the 
roller 19 can be adjusted by movement of a rod 28 at 
tached to the block 27. 
The belt 17 after being trained around the roller 24 

passes over a guide roller 29 located centrally of the 
frame 10, and is then trained around a roller 31 located 
near‘ the base ofthe frame 10. The belt is then passed 
lengthwise of the machine and may be given a half 
twist so that it can be trained around a vertically disposed 
tension roller 32 (Figure 2). 
The belt 17 is then trained around a second vertical 

tension roller 33 after which it is given another half 
twist. The belt is then received about a guide roller 
35 and tinally passes over the roller 18, completing its 
oop. 
As the belt 17 is moved along the mandrel 14 in 

the illustrated structure, it carries with it a longitudinal 
web or sheet medium 36. This may comprise a sheet 
of paper or nonwoven fibers, as illustrated, or it may 
comprise threads, or other material. The medium 36 is 
conveniently deposited on the belt 17 from a suitable 
supply means, such as the roll of sheet material illus 
trated at 37 in Figures l and 2, and the apparatus desirably 
includes a suitably disposed roll 38 for guiding and 
slightly tensioning the sheet 36 or other medium as it 
is deposited on the upper surface of the belt 17. The 
axis of the illustrated supply roll 37 is parallel to the 
axis of the belt guide roll 18, and the supply roll 37 is 
conveniently disposed a short distance above and to the 
rear of the belt guide roll 18. 

In the illustrated embodiment of the invention, the 
width of the sheet 36 is >comparable to the width of 
the belt 17 and when the sheet 36 is of nonwoven material, 
the fibers in the sheet 36 will lie predominantly in the 
machine direction, i. e., lengthwise of the sheet, so that 
the maximum strength of this sheet is along its long 
dimension.` Rollers can be provided for pressing the 
sheet 36 onto the belt 17, or adhesive. spots may be 
employed on the sheet for holding it on the belt, but 
ordinarily these are unnecessary, as a thin, nonwoven 
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web will readily be guided by the surface of a canvas 
belt. 
The mandrel 14 is disposed with it axis substantially 

coincident with the axis of a hollow rotating carrier 
39, comprising a pair of end tlanges 41 and 42 separated 
by means of spacers 43. The rim of the carrier 39 is 
mounted for rotation on a set of four wheels 44 (Figure 
1) which are supported for rotation on a bracket 46 se 
cured to an intermediate portion of the frame 10. 
The carrier 39 has a pair of angularly disposed sup 

port brackets 47 and 48 (Figure 2) which journal a shaft 
49 for rotation therein. The shaft 49 carries the second 
medium which is applied, in crosswise relationship, to the 
tirst medium during the operation of the apparatus. In 
the illustrated apparatus, the second medium comprises 
a sheet 52 of nonwoven fibers which is unwound from a 
suitable supply roll 51 disposed on the shaft 49. The 
ñbers in the sheet 52 extend predominately along the 
length of the sheet so that the maximum strength of the 
sheet is in that direction. 
The sheet 52 passes over a guide roller 53 and is then 

wrapped around the main sheet 36 carried by the belt 17 
(Figures 3 and 4). If desired, small spots of adhesive 
can be provided on the sheet 52 to hold it onto the sheet 
36 until the combined sheets leave the machine. The 
angular positions of the roll 51 and the roller 53 are quite 
critical, and the support mechanism for the members 51 
and 53 should be adjustable. When laying one web upon 
another, or when laying a series of cross webs to produce 
products of the type shown in Figure l0, freedom from 
distortion will be achieved only if the sheet 52 is trained 
about the mandrel so that the sheet 52 intersects the 
sheet 36 (or the belt 17) along a continuous straight line 
of intersection extending the full Width of the sheet 52. 
Thus, the sheet 36 in being pulled across the mandrel 14 
forms a helix which moves about the mandrel 14 in a 
counter-clockwise direction as viewed from the end of 
the carrier 39 at which the sheet 36 enters. At the same 
time, the relative movement between the roll 51 and 
the mandrel 14 resulting from the rotation of the car 
rier 39 about the mandrel 14, which rotation is also 
counter-clockwise, as viewed from the end of the >carrier 
at which the sheet enters, wraps the sheet 52 in another 
helix which intersects the helix of the sheet 36 at right 
angles thereto. 
When using the particular apparatus shown in the 

drawings, the same angular relationships will be observed 
where the sheet 52 is replaced by a plurality of threads 
or other strands, i. e., the points of tangency of the 
strands as they are trained labout the helically moving 
sheet 36 will define a straight line parallel to the axis of 
the mandrel. However, the laying of threads upon webs 
or other threads permits a considerably wider variation 
in the parameters of the process, and these will be dis 
cussed in a subsequent portion of this specification. 

After the crosswise reinforcing medium, whether of 
threads or of sheet material, has been applied to the 
medium trained about the mandrel, the sheet 36 in the 
structure of Figures l and 2, the crosswise medium, the 
sheet 52 in the illustrated structure, is continuously slit 
by means of a slitting device S4, best illustrated in Figure 
5 of the drawings. As seen in that drawing, the slitting 
device 54 may comprise a small motor 56 which drives 
a shaft 57 upon which a disc cutter 58 is secured. The 
edge of the disc cutter 58 is positioned so that it cuts the 
laminated sheets at oneedge of the main sheet 36, paral 
lel to the marginal edge of the main sheet 36. The edge of 
the disc cutter 58 extends into the small space provided 
between the belt 17 and the rib 16, as shown. The cut 
ting means 54 is secured to a stationary part of the frame 
10 by means -of a support arm 59 (Figure 3). 
A common drive system is employed to pull the belt 

17 across the mandrel 14 and to rotate the carrier 39. 
This drive system may include a variable speed motor 61 
which drives a variable speed transmission 62 through 
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a chain and sprocket assemblyf63 (Figure 2).` The out 
put shaft of the transmission 62 operates a speed reducer 
(not shown) which in -turn is coupled to a sprocket 64 
(Figure 1) by means of a chain 66 to 'drive the roller 19. 
The energization of the motor 61 is controlled by means 

of a motor control unit 67, electrically connected thereto. 
A hand operated control 68 (Figure 2) provides a means 
for adjusting the input to the motor. The ̀ shaft of the 
motor 61 also is coupled to a speed reducer 69 by means 
of a chain and sprocket yassembly 70 (not shown in de 
tail), and the output of the speed reducer 69 is coupled 
by means of a sprocket and chain assembly 71 to a shaft 
72 to which a beveled gear 73’ is secured. The ßbeveled 
gear 73 engages an annular gear 74 concentric with the 
end flange 41 of the drum ̀ 39 to rotatethev carrier 39 
about an axis substantially coinciding with the axis of 
the mandrel 14. . ~. i 

The means for pulling the belt across the mandrel 14, 
as well as the -means for driving the carrier 39 illustrated in 
the drawings, represent only one possible drive system 
which may be employed, and it will be recognized that 
various means could be provided to accomplish the same 
results. . n 

A linished web, as it is delivered by the machine in 
the vicinity ̀ of the roll 19, is 'illustrated in Figure; 7"of 
the drawings. As seen in this ñgure, the underlying 
sheet 36 has a signilicant proportion of its fibers aligned 
in the longitudinal direction of the web, and the cross 
sheet 52, of slightly greater width than the sheet 36, 
has its fibers predominantly in the' direction perpendicular 
to the direction of the longitudinal libers in the sheet 36. 
The laminated web structure can be printed in spaced 
areas with suitable adhesives such as vinyl polymers, 
polyethylene, and the like in order to further increase 
the strength of the laminate according to any of a variety 
of processes. 
A modified form of the invention is illustrated in Figure 

8 of the drawings. In this embodiment of the invention, 
which is especiallyl adapted to the manufacture of cross 
laid thread products, such as are'illustrated in Figure 9, 
or to products which combine sheets and reinforcing 
threads, means are provided to apply a pattern of. threads 
ina network over a moving web or other medium.~ As 
seen in Figure 8, `a sheet 81 which may‘be a sheet of` 
nonwoven fabric or other sheet material, is received under 
a roll 82 whereupon it is guided. onto the surfaceof a 
moving belt 83 bymeans of a roller 84; As .thesheet 
81 and the belt 83 move to the right as seen in Figure 8, 
the sheet 81 is overlaidwith‘ a pattern of longitudinalil 
threads 86 which are being constantly supplied from a 
creelt 87. The thread cones included in the creel 87 
supply a plurality of series of threads 86 which pass 
through a plurality of guide means 88 arranged to direct 
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the threads over a iirst guide bar 89 and about a second ' 
horizontally disposed guide bar 91. >ÃThe threads 86 then 
pass overa comb array 92, following which the threads are 
given a coat of adhesive from an applicator roll 93 in 
contact with the threads. VA suitable adhesive such as a 
thermoplastic resinons composition is applied to the sur 
face of the applicator roll 93 from a roll 94 in=contact 
therewith. ~ v 

After the threads 86 have received a coating of adhe 
sive, the thread reinforced web and the belt83 Ycarrying 
the web .are guided about a stationary, cylindrical man 
drel 96 so Yas to form thereon a'lirst helix, as shown. 
The belt 83, of course, is continuously pulledl about the` 
stationary mandrel 96 by means not shown in the drawings. 
The mandrel 96 is‘substantially coaxial with a. rotating 

carrier or disc 97 which applies threads to the moving 
web in a direction normal to the direction of the pre 
viously applied threads. In other words, the carrier 97 
is arranged to wrap additional threads in the form ~of 
helices at right angles to the helices. formed by the pre 
viously deposited threads as those threads'pass about the 
mandrel. The points of contact in ‘the illustrated em 

60 

75 

bodiment form equally spaced points on a right circular 
section of the- mandrel, instead of» the straight» line of' 
intersection described in connection with the previously 
described embodiment; As previously pointed out, the 
line of intersection in the case of thread laying may vary' 
considerably depending upon the manner in whichv the 
threads are received on the supporting surface. 
The carrier 97 supports a plurality of circumferentially 

spaced cones vof. thread supported on both sides thereof.. 
The cones 98 feed threads 99 centrallyv of the carrier disc 
97 and over an annular series of guide means 101 -ontoy 
the surface of the moving belt or sheet; l  ' 

.As the belt 83 is removed from the mandrel, a slitter 
102 engages Áthe web to sever the Vcross strands parallel 
to the marginaledge of the moving sheet.A 1‘- " 
The resulting thread reinforced product-is then sepa 

rated from the belt 83, the belt V83`passingr over a .series 
of.rollers,.including rollers 103 :and 104, before returning 

- The'thread reinforced` to the‘inlet end yof the machine. 
product may be then passed about a` heated roller 106 
in contact with a heat resistant roller 107 in order’ to 
cause the adhesive applied to the strands to become more 
plastic and to flow about the junctions of the longitudinal 
and transverse threads. With certain type of adhesives,` 
a better bond is thereby secured between thevweb 'and-1 
the pattern ofl threads, but the use of a heated roll orV 
rolls is optional. 

After leaving the surface of the roll 107, the completed 
product will‘normaly be conveyed, as by the roll 108, to" 
a slitting means 109 where the web will be cut into' any 
desired width. >After leaving the slitting means 109, the 
web strips are wound about a take-up reel 111`by means 
of a pair of winding rolls 112 and 113. t 

It will be appreciated that »various 'other mechanical 
means such as gears, belts, chains, discs or the like may 
be employed to carrythe cross laid material on a path 
which is coaxial with the axis of the mandrel. .  ’ 

More than one layer of sheet material. may be em 
bodied into the finished product. For example, an ad-I 
ditional sheet or web, or‘a series of sheets or webs, may 
bev applied to the upper surface of the threads 86,“ and'l 
the underlying sheet or sheets, at any convenient point` 
prior to the application of the threads 99. Similarly, 
additional sheets, or even additional sets of longitudinallyt 
extending threads may be applied to the product'after the 
application of the cross threads 99. » ' ‘ f 

Also, the web or sheet components may be omitted 
entirely, this resulting in the 

the thread-only product, which has particular utility in 
instances where woven products such as gauze have here 
tofore been used, consists merely in theV two sets 'f of 
strands adhesively attached to each other at at least somel 
of their junctions. 
For some applications, it is important that the strength 

of a product in its short dimension be as great as,1 or 
greater than, its strength in its long dimension.' f A typical 
example of a product of this type is a boxmaker’s 'tape' 
which is used to join the edges of a corner of a cardboard 
box. This type of product can be made lon a machine 
of the type illustrated in Figures 1 -and 2 by eliminating 
the main sheet 36 and providing two‘or more rolls of 
paper or other material in circumferentially spaced rela 
tion within the carrier 39. The resulting productis illus-_'> 
trated in Figure 10, which illustrates a pair of overlapped 
paper strips 116 and 117, both of which have vtheir 
maximum strength in the machine direction of the paper; 
i. e. is perpendicular to the long dimension of the finished 
product. The strips should be adhesively or otherwise 
joined to each other inthe region of their overlapping 
edges. 
The geometric relationships involved in designing an 

apparatus according to the present invention are critical, 
and will now be describedïin some detail. 

production of a product of 
the type illustrated in Figure 9. As shown in that ligure, 
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i Turningnow to the schematic showing in Figure ,11, 
the distances shown are identified as follows: - 
Í AB -is the effective width of the belt on a line parallel 
to the axis of the mandrel, this distance being equal to 
the pitch of the helical rib 16; 
BD is equal to the circumference of a right circular 

section of the mandrel (simply the circumference of 
the mandrel if no belt is employed, or the outer cir 
cumference of the belt as it is trained about the mandrel); 
BG is the effective Width of the belt measured along 

a line perpendicular to its length (or the width of the 
sheet if no belt is used); 

' AD is the length of the helix, comprising one com 
plete turn from a point B around the mandrel to point A; 
CF is the transverse width of the cross sheet; 

'ACD isïthe repeating length of the cross lay pattern, 
measured> along the length of the main sheet for the 
condition where the carrier makes one revolution for 
each vadvance ofthe sheet through the distance CD; ' 

i AE ̀is the opening available for cross laying, i. e., the 
available space on the main web on which the second 
web lcan be laid, and l 

i a is the angular deviation between the direction of 
longitudinal movement of the second web and a perpen 
dicular to the direction of longitudinal movement of 
the first web, i. e., the angle between the edge of the 
second web or other medium and a perpendicular to 
the'edge or direction of movement of the ñrst web, when 
the second web is lin position on the iirst web; and 

0 is the angle `between the mandrel axis and the 
direction of longitudinal movement of the ñrst web or 
other medium. »This angle is also the angle of inclina 
tion of the edge of the supporting belt (or the ñrst me 
dium, ifY thatïmedium be of sheet material) to the line 
along which the belt (or the first medium, if that medium 
be of sheet material) intersects the mandrel.> 

Normally,l the width of the main sheet and cross sheet, 
and the 'angle- of the lay will be predetermined, and 
the factors to be >determined will be the inclination of the 
main web to the-mandrel, the diameter of the mandrel, 
and the- ratio lof ‘belt speed to the speed at which the 
cross >laid` material is applied to the mandrel. There 
are' practical- limitations in the design which must be 
taken into consideration. For example, if the angle of 
inclination of the supporting surface tothe line of its 
intersection with the mandrel, angle 6 in Figure l1, is too 
large, the pull on the belt will be taken up along the man 
drel and not _by the belt. If the angle is too small, the 
belt «will slip off the mandrel. For practical perpendicu 
lar cross laying, this angle will be in the range of from 
30°.to 60°. . 

" For satisfactory operation at high speed, it will be 
found important to provide special support means for the 
belt, or ñrst medium, as that element-is moved on the 
surface of the mandrel.V In the particular apparatus illus 
trated in the drawings, that support is provided .by an 
air cushion formed intermediate the inner surface of the 
belt or first medium and the outer surface of the mandrel. 
This will be described in further detail in connection with 
Figures 12, 13 and 14, 

. In the following analysis, it is assumed that the carrier 
for the cross laid medium makes one revolution for each 
repeating length of the cross lay pattern, represented by 
the length CD in Figure 1l. Those skilled in the art will 
appreciate that other speed relationships are possible 

the practice of the present invention. 
yFrom anV inspection of the angular relationships and 

the 'application of the law of sines, it will be seen that: 

_B_G V cos B--BD (1) 

C'F=C'D cos a (2) 

.BG-:30ème a » . (3) 
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8 
Applying the law of sines: 

CD ___ BC' 

sin (0-a)~_cos 6 

Multiplying both sides by cos a and using Equations 
2 and 3: 

1 ___ _Sin (0-a) f 
(JF-BG ---_COS 0 (U) 

Equation 5 can be solved for 0 as follows: 

sin 0 cos a-cos 0 sin a 

@LEG-_EST_ 
CF=BG(tan 6 cos a-sin a) 

GF4-(BG sin a) l:(BG cos a) um e 
and 

_CF-l- BG sin a 
tan 0- BG cos a (6) 

so that the angle 6 may be calculated from the two web 
widths and the angle between the webs. 

It will further be seen that: 

AE=AC cos a (7) 

Applying the law of sines: 

AC' __ BC’ 

sin (90°-0-l-a) "sin 0 

Ac=Bo.°-_OS (0”) (s) 
sin 0 

Multiplying both sides by cos a, and substituting Equa 
tions 3 and 7: 

cos (0~a) ( 9) 

Equation 9 gives the opening available for cross laying. 
If the distance AE is less than the distance CF, then the 
cross web must be split up into increments, and applied 

e in sequence, or the opening increased by wrapping the 
belt another turn about the mandrel. 

In the case of laying individual threads, instead of a 
cross web, it will be seen that if N threads equally spaced 
by a distance S are employed, Equation 6 will become: 

lÉ-I-BG sin a 
tan 0: BG cos a (10) 

The following specific examples illustrate the applica 
tion of these equations to specific cases. 

Example I 

It is desired to produce a product consisting of a web 
40 inches wide reinforced with strands spaced approxi 
mately 0.2 inch apart at right angles to the length of the 
web. The belt thickness is 0.25 inch and the rib on the 
mandrel is to be 0.5 inch in width (measured at a right 
angle to the rib helix). 
As an approximation, assume a value of 45° for the 

angle 0, and solve for the value N, the number of strands 
by means of Equation l0: 

_tan 0 (BG COS or) _BG sin oz 
_ S 

- _tan 45°[(40+0.5) cos 0°]-(40+0.5) sin 0° 
. _ ` 0.2 v 

N 

Y N_Y=i2'o`2.5 Strands 
rlvForïconvenience;N-will be‘taken as 200. ' 



'would be: 

The angle 6 is then calculated for the 
Equation 10 as follows: 

200(0.2) 
40.5 

value‘of from 

tan a: =0.9s765 

Y The effective diameter, D, of the mandrel. (actual di 
ameter plus twice the thickness of the belt) mayV then be 
calculated from Equation l: ' 

_ __ _ BG ?'lr COS/0 j 

_Y Dfi-_18.11.9111. 

Diameter of mandre1=1s119 inf-@5517.619 in. ` 
i Example` Il 

LFor producing the same product as specifìedqin Ex 
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ample* I, butfwhere the angle 0 ‘between the -mai‘n sheet y 
andthe mandrel is to be about 60°, ̀ the following values 
are obtained: » ‘ . » 

l o _ q . _ _ 

N: (40.5) (tantôt) _) ¿35o-75 
0.2 . \ n 

Choosing the convenient value lof=350, 
350(0.2) 

40.5 

_ _ . _6;59"V 56.83' 

Calculating for the mandrel diameter: 
’ _ 40.5 

?arcosöOf‘ l _y., _.. 

Diameter`=25~742f0.5;25242 in. ‘ 
Example III ` 

The product desired in this casefconsists vfof_fa_riiain 
sheet 40 inches widel and a cross tsh'ee‘tfltO linche's'wideV 
at right angles to the mainshet. The width of the rib Yis 
to be 0.5 inch4 as previously. 

Using Equation 6: 

tan 0: :1.7284 

:25.742 .Í 

» _Ulla i' " l 

tan 0-¿405-_098765 

Solving for the mandrel ldiainetert‘rumV Equation ` 

:18.119 in. 

Diameter of mandre1=l8.1l9~_0.y5=17.619 in. 
lThe available opening in this case from Equation 9 

fSince this_value exceeds the width-ofthe cross web, >the 
ldesired product can be obtained by‘using a single roll 
of the cross web. 

Example IV ` 

In this case, a cross web measuring 70'inches in width 
lwas to be laid at right angles tol a main web 40 inches in 
width, using vthe same rib‘width and belt thickness as pre 

The mandrel diameter is then' calculated as' followsz" 

= ‘l0-5. :25.742iïm. 
1r COS 6 

Diameter=25~742~0.5=25.242 in.` 
The available opening, AE, is then calculated as fol 

lows: ‘ _ ¿ 

Aaáíï‘rî-‘ï’S-ëaazlar, in. 
sin 0 ` 

Since the available opening is slightly more than one 
third the width of the cross web, the cross web would 
have to be laid in at least three parts’,.as by slitting the 
70 inches web into three equal strips, and laying them 
in -side-by-side-relationship along the main web as it. 
moves about the mandrel. 

Example V 

It was desired to use a sheet 40 inches wide, va rib 0.5' 
inch wide, a belt 0.025 inch thick, a spacing of 0.2 inch; 

The de» between threads, and a cross lay angle of 60°. 
_ sired angle of intersection (angle 0) was about 45°. 

25 

30 

65 

_7.5. 

The distance CF in Figure 1l in the case of strands is-` 
represented by _the repeating width of the cross lay... 
Hence from Equation 5: v y _ , I 

_ sin <45°~30°) 
0.2N-(40+0.5) W 

Choosing the convenient value’of Ñ=75, the repeating 
width of the cross lay is then 75><0.2=15 in. 

_l5-H405) sin 30"k r 
tall Ü-m--LOO5O 

and ' i ` _ 

0=45° 0.83’ ' 

The diameter, D, is then obtained from Equation 1:: 

= 40‘5 :18.236 in. 
>1r COS 0 

The actual diameter of the mandrel is then 

18.236-0.500=17.736 in. ._ 

As previously indicated, the above examples are prodi 
“ cated upon the use of a specific speed ratio between the 

In the 
case of thread laying, the speed relationships are usually ` 
supporting surface and the cross laid medium. 

the easiest to vary in order to* change the angle of in 
clination ybetween the two surfaces. The following ex 
ample illustrates the eiîect of speed variation. 

Example VI ._ A 

A With the Vsame equipment as employed in Example I, 
thehcarrier made >one revolution for every 40 inches ad 
Vance ofthe web material. VAssume now that the car- 
rier is to make n revolutions for each 40 inch advance 
of the web. Wirth this condition, it will be seen that the 
repeating length of the pattern will become: 

40/n inches 

VReferring again toiFigure 1l, it will be 4observed that. 
in this situation: _ _ 

‘UniG-D 
7L 

and: 

‘ . Y y _ f GD GG_GD-_CD;GD.".(T>. 

rEquation 10 can be solved for tan 6 exactly as fol-4 
f .35 lows: 



so: __ _ _ _ 

1» n a <12) 

If the 200 strands employed in Example I are released 
from points equally spacedalong the carrier, the -new 
cross lay at the new angle will still register accurately, 
but the spacing of the strands (measuredgparallel to the 
long dimension of the web) will change. From Figure` 
l1, it will be seen that the 200 strands will now occupy 
the space CD instead of the space GD, and they will be 
parallel to the line CB. The spacing of the strands will 

thefeferebe? ' - . » . G_D) t » 

n' 

fthe spacing in the original‘example, the formula for 
the'new- spacing may be written; ` ` ' 

i New spacing-1,(originalspacingyçîoìixv (13) 

¿To illustrate -theíïabove'ï with speciiic'examplesg'as' 
sume that the carrier makes two' revolutions‘for "every 
40 inch advance of the web in Example I._ From Equa 
tion 12: ' ' ` 

Assuming next that the carrier makes one-half a revo-« 
lution for each 40 inch advance; 

GD 
tain CIT-¿____l ‘B_G‘ 

»i a: -,44° 38.6’  

In the special case where n,=J/z, itpwill be seenfrom 
Equation 12 that a=0. ' ’ " ’ ' ' ' eos 44° 38.6’ 

«- " 'W .t _ ., 

Upon consideration of the several foregoing examples, 
it will be apparent that the following generali relation 
ship exists: ` v ’ - 

_n;1_n(CD) _ (n-l') (CD) ' 
_ _ . n BG _ BGV _ _ 

in which equation n is equal to the number of turns of 
the second medium which occur during each linear ad 
vance of the ñrst medium, in the direction of movement 
of that medium, equal tothe transverse width of the 
second medium, and the Aotherquantities are asjdeñned 
in the foregoing. _ ’ ' _'_` 

-It will also be apparent that thethread spacing S, in 
instances where the second medium ¿comprises a‘ series 
of longitudinally-extending threads, may1 be determined 
by the following formula: . 

Shaw 
in which equation N is equal to the number of threads 
comprising the second medium,V and the other quantities 

are as defined previously. ' ` As previously indicated, satisfactory operation of equip;V 

ment of the general type described in the foregoing re 
quires thatfthe support belt, or the medium which is 
trained abqutthe mandrel‘inîinstances Y_where ,a belt is 

'tan a: , (145)A 

<15) 

Và 
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not used, shall move freely about the mandrel. This is 
especially, important in the high speed oper-ation of equip 
ment using a support belt for the medium which is car 
ried on_ the mandrel, as for example, during the manu 
facture of crossedÍthread products of the general type 
illustrated in Figure 9. 
The only effective means so far devised for assuring 

free movement of such a belt involves the provision of 
a cushion: of..air which floats the belt a short distance 
aboveuthe ïmandrel surface, and’a mandrel designed 4to 
operate in this manner is illustrated in Figures 12 and 
13. It will be understood that the air-flotation type man 
drel is suitable for use in apparatus of the type illus 
trated in Figures 2 andv 8, as well as other embodiments 
in accordance with the invention. It will also be under 

" stood that it may be advantageous, in certain instances, 
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' and the counter-sinking was at an angle of 118°. 
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er 

to use an air cushion or air ñotation mechanism in con 
junction with one or more of the supporting guides for 
the belt structure in thos'e mechanisms which utilize a 
belt. , . . ., 

‘ Themandrel 119 illustrated in Figures 12 and 13v in 
cludes Vva suitable'tubular shell 121 of cylindrical form, 
which is closed‘at either end by an annular plate mem 
ber 123, welded or otherwise affixed to the shell 121. 
If the mandrel 119 is intended for use in place of the 
mandrel 14, it 4may include shaft sections 125 which 
extend axially therefrom; these may _be provided by,a 
single, continuous’ shaft, or two stub shafts may be used. 
The outer Isurface of Athe tubular shell 121 is provided 
with a helical groove '127, similar> to the mandrel 14, 
within which there is located a spline or key member 
129, which serves as a guide means for defining the path 
of movement of thev belt'over the mandrel surface. . 

In structures embodying a supporting belt, the spline 
„ member 129 should project from the surface of the shell 
‘ a distance approximately equal to the thickness of the 
belt. The surfaces of the belt and the spline are desir 
ably polished, and may be plated with chromium or other 
metal, to provide a very smooth, anti-friction surface. 

_'lfhe walls of .the shell 1_21„are provided with a series 
_ " cedflcounter-spnk' openings 131, which communi 

ca_ .withjthe interiojrjof the shell. ‘ In a particular struc 
ture which ha's'p‘roven'especially satisfactory in use, the 
mandrel shell had a length of approximately '1_20 inches, 
and a diameter of 12.375 inches, this mandrel being 
adapted tosupport a _belt having a width of 27 inches 
which was trained about the mandrel to provide 2 com 
pletely supported turns of the belt. The holes had a di 
ameter of IAS inch, and were spaced approximately 3% 
inches apart, uniformly on the mandrel surface, so as 
to underlie' ‘the belt in position‘thereon.' ' ' 

In the mandrel having the dimensions stated above, 
there were 358 holes-in the region of the mandrel en 
gaged by the belt. The counter-sinking provided a maxi 
mum diameter at vthe outlet end ofthe holes of 1/sjinch, 

Dur 
ing operation, pressure airïwas ̀ admitted to the interior of 
the mandrel so as to maintain the pressure inside the 
mandrel within the range of from about 3-5 lbs. per 
square inch, gauge. _A single air inlet, such as illustrated 
at 133 in Figure 12,l is satisfactory for this purpose. 
Underthe stated conditions, air will escape through the 
counter-sunk, /airjdi'scharge openings 131 in' sufficient 

This will reduce the friction between the belt and the 
l:mandrel to a very low value, and, as previously noted,y 

70.` 
‘the belt or the web medium. Also, when using the air` 

is a most important feature lin effecting satisfactory op 
eration ofthe:apparatu's.y . ` , . j l 

"I'hej ai_?__discl_1a'rge'I openings ¿1_31. should be omitted in 
tlie‘ire'gion‘of"ihe'mandrel,iwhich is not contacted'by. 

flotation mandrel in conjunction~ with a supporting belt 
of porous material, _itis of some importance that one 
surface of the belt; usually the outer surface, shall in 
clude a relatively non-porousßlayer. This may, for ex 
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ample, be a layer of polyethylene, tetrafluorethylene, or 
other .suitablerriateri'al, ad'hesively attached to Ythe belt 
surface. This"noir-porous"layerfespecially»when it con 
stitutes >the outer layer and is made of a material such 
as polyethylene, ,orptetrafluorethylenq performs 'a dual 
function. First, it facilitates the removal of the thread 
or other >medium which ,is applied to~the belt `during 
operation of the apparatus, and in addition, it aids, in 
conjunction with _the porous under layer, in accomplish 
ing even _flotation of the`belt on the` mandrel. ‘One’ ex 
ample of such a belt is illustrated at 135 in Figure 14, 
in which view the porous layer of the belt is shown at 
137 and the non-porous layer at 139. It will be under 
stood that this belt can be substituted for the belts 17 and 
83 of the previously described structures. 

In the foregoing, I have disclosed the features of a 
new, improved method and apparatus for manufacturing 
a Wide variety of cross laid and reinforced products in 
volving the use of mediums which may comprise sheet 
material of the woven, non-woven or felted type, in 
combination with other materials of this type or with 
threads. The invention also makes possible the manu 
facture of gauze-_like materials, having characteristics 
equal or superior to woven textile materials, at higher 
speeds, at lesser cost, and with a number of important 
advantages as compared with woven products. Any types 
of thread made from natural or artificial fibers or fila 
ments, or combinations thereof, may be used. 

I have also set forth in the foregoing variou-s of the 
important mathematical relationships which exist and 
which should be followed in the most efficient practice 
of the invention. In addition, I have disclosed certain 
mechanical arrangements and structural combinations of 
especial advantage in carrying out the invention. 

Various features of the invention believed to be new 
are set forth in the accompanying claims. 

I claim: 
l. An apparatus for forming a continuous web prod 

uct, comprising a mandrel, a flexible endless belt having 
at least one complete helical turn on said mandrel, means 
for depositing a first, elongated flexible medium on said 
belt, said first medium being carried by said belt about 
said mandrel, a rotatable carrier having an axis substan 
tially coinciding with the axis of said mandrel, supply 
means for a second, elongated flexible medium mounted 
on said carrier, means for guiding said second flexible 
medium from said supply means over said first flexible 
medium while said first flexible medium is passing over 
said mandrel, the second flexible medium being applied 
in the form of a helix which is wrapped around said ñrst 
medium in such relationship that the long dimension of 
said second medium is maintained at a uniform, substan 
tial angle to the long dimension of said first medium in 
the region where the mediums intersect, and means for 
cutting said second medium transversely of its long di 
mension after said second medium has been applied to 
said first medium. 

2. An apparatus for forming a continuous web prod 
uct, comprising a mandrel, a narrow, elongated guide 
strip attached to said mandrel and defining a helical path 
around said mandrel, a flexible endless belt having at 
least one complete helical turn on said mandrel, a por 
tion of said belt being within said helically disposed guide 
strip and guided thereby, means for depositing a first, 
elongated flexible medium on said belt, said first medium 
being carried by said belt about said mandrel, a rotatable 
carrier having an axis substantially coinciding with the 
axis of said mandrel, supply means for a second, elon 
gated flexible medium mounted on said carrier, means 
for guiding said second flexible medium from said sup 
ply means over said first flexible medium while said first 
flexible medium is passing over said mandrel, the second 
flexible medium being applied in the form of a helix which 
is wrapped around said first medium in such relationship 
that the long dimension of said second medium is main 
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14 
tained at a uniform substantial angle to the long dimen 
sionofsa'id first mediumiin the region where the mediums 
intersect, means »for-cutting said'se'cond medium trans-Y 
verselyoffits »long dimension ‘after said second medium 
has-been applied to said first> medium, and means >includ 
ingwa ~source of `pressure‘air and-aplurality of airl dis 
charge openings providedin said mandrel for providing 
a cushion of airintermediate said -belt and said mandrel 
during- operation-of- saidapparatus, said belt being. of 
multi-layer construction and including at least one layer 
of non-porous material. 

3. An apparatus for forming a reinforced web which 
comprises a mandrel, guide means on said mandrel, a 
flexible endless belt trained in a helical form on said 
mandrel and guided thereon by said guide means, means 
for‘moving said belt along said mandrel, means for de 
positing a sheet along said belt with the machine direc 
tion of said sheet lying substantially lengthwise of said 
belt, said sheet being carried by said belt about said man 
drel, a carrier having its axis substantially coinciding 
with the axis of said mandrel, means for feeding a plu 
rality of strands from said carrier about said sheet while 
said sheet is in a helical form with the length of said 
strands being angularly disposed with respect to the ma 
chine direction of said sheet, guide means arranged to 
lay said strands in straight lines across said sheet, means 
causing relative movement between said carrier and said 
mandrel, and cutting means for cutting said strands length 
wise of said sheet after said strands are laid over said 
sheet. 

4. An apparatus for forming a reinforced web prod 
uct having plies thereof with the direction of maximum 
strength of one sheet being in angular relationship to the 
direction of maximum strength of another of the con 
stituent sheets comprising a mandrel, a flexible endless 
belt having at least one complete helical turn on said 
mandrel, means for moving said belt about said mandrel, 
means for depositing a first sheet on said belt, said sheet 
being carried by said belt about said mandrel, a rotatable 
carrier having an axis substantially coinciding with the 
axis of said mandrel, a roll of sheet material carried by 
said carrier, means for guiding the sheet from said roll 
over said first sheet while said first sheet is passing over 
said mandrel to provide a line of tangency between said 
sheets which is generally parallel to the axis of said man 
drel, and means for cutting said second sheet after said 
second sheet has been deposited on said first sheet. 

5. An apparatus for forming a reinforced web prod 
uct comprising a mandrel, a flexible endless belt having 
at least one complete helical turn on said mandrel, means 
for moving said belt about said mandrel, means for de 
positing a first sheet along said belt with the line of 
maximum strength of said sheet lying substantially length 
wise of said belt, said first sheet being carried by said belt 
about said mandrel, rotary means associated with said 
mandrel, a roll of sheet material carried by said rotary 
means, said roll being oriented to apply a second sheet 
onto said first sheet in a manner such that the direction 
of maximum strength of the second sheet is substantially 
at right angles to the direction of maximum strength of 
said first sheet, means fo-r rotating said roll about an axis 
substantially coinciding with the axis of said mandrel, and 
cutting means operable to cut said second sheet continu 
ously after said second sheet has been deposited on said 
first sheet. 

6. An apparatus for forming a laminated web product Y 
comprising a stationary mandrel, a flexible endless belt 
having at least one complete helical turn on said man 
drel, means for moving said belt about said mandrel, 
means for depositing a first sheet along said belt with 
the machine direction of said sheet lying substantially 
lengthwise of said belt, said first sheet being carried by 
said belt about said mandrel, a carrier disposed about 
said mandrel and having an axis of rotation substantially 
coinciding with the axis of said mandrel, a roll of sheet 
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material carried by said carrier in spaced relation to Vsaid 
mandrel, said roll'being angularly disposed with respect 
to said mandrel to apply on said ñrst sheet, a web of sheet 
material whose machine direction is substantially at right 
angles to the machine direction of said first sheet with~ 
the second sheet intersecting said first sheet along a line 
which is generally parallel to the axis of said mandrel, 
and cutting means operable to cut said second sheet con 
tinuously after said second sheet has been deposited on 
said-ñrst sheet. ‘ » \ » 
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