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The present invention relates to improved methods and 
apparatus for making cross-laid fibrous structures. More 
particularly, the present invention is concerned with im 
proved methods and apparatus for making cross-laid 
fibrous webs in which better physical control is exercised 
over the fibrous web during the cross-laying operation and 
wherein better Selvage or edge control is exercised over 
the fibrous web during and after the cross-laying operation. 

CroSS-laid fibrous structures have been known and used 
in the textile and related industries for many years but, for 
various reasons, they have never realized their full poten 
tial. The main reasons for their lack of more complete 
commercial acceptance are the difficulties encountered in 
physically handling and controlling the individual web 
being cross-laid at any moment and the difficulties of con 
trolling the Selvages or edges of the web as it is being 
cross-laid and after it has been so cross-laid. 
The conventional apparatus for cross-laying these webs 

is often called a "camel-back' cross-layer or a cross-layer 
folder and normally comprises a pair of vertically 
movable, oscillating belt conveyors which carry the web 
downwardly with a to-and-fro movement in a direction 
generally transverse to the direction of movement of a 
horizontally-movable conveyor passing directly below the 
pair of vertically-movable, oscillating belt conveyors. 
The to-and-fro movement of the vertically-movable, oscil 
lating belt conveyors deposits the web on the horizontally 
movable conveyor in a back-and-forth overlapping lami 
nated structure which is drawn out by the continuous 
forward movement of the horizontally-movable conveyor 
So that a zig-zag angularly overlapping laminated structure 
of continuous length is formed. 

Unfortunately, during the downward movement of the 
Web on the oscillating conveyors, the web occasionally 
hangs by its own weight and is often irregularly drawn out 
or attenuated, thus undesirably yielding a non-uniform 
web with thick and thin places. And, during the actual 
deposition of the web on the horizontally-movable con 
veyor, extreme care is required to precisely limit the ex 
tremities of the to-and-fro movement of the oscillating 
conveyors not only to reduce the irregularities of the 
newly formed Selvage of the continuous cross-laid struc 
ture, but also to carefully match the internal edges of the 
web which extend diagonally in zig-zag fashion between 
the newly formed Selvages. All in all, sufficient control 
has not been available hitherto and the results have been 
irregular Selvages and overlapped or underreached diago 
nal edges within the laminated structure. 

Also, it has been observed that, even if the Selvage is 
properly laid where it should be, it is often moved in 
wardly by the web as it reverses direction and moves 
away from the newly formed Selvage and drags the newly 
formed Selvage with it. Efforts to anchor the newly 
formed Selvage at its original place of deposition have 
been generally unsuccessful as being too complicated and 
cumbersome and as slowing down the operational speed 
of the cross-laying device. 

It has now been discovered that the difficulties en 
countered with respect to the pair of vertically-movable, 
oscillating conveyors may be overcome by merely using 
one conveyor and by providing that conveyor with a sur 
face friction-applying means, such as a textile pile fabric 
surface, whereby the web carried thereon is physically 

5 

O 

15 

20 

25 

30 

35 

40 

50 

55 

60 

70 

2 
controlled during its vertical movement. And, it has been 
further discovered that the difficulties encountered with 
respect to the horizontally-movable conveyor may be over 
'come and excellent selvage and internal edge control may 
be realized by providing the horizontally-movable con 
veyor with vacuum or suction-applying means located at 
the extremities of the to-and-fro movement of the 
vertically-movable conveyor whereby the web is guided 
and held in precisely defined and carefully controlled 
positions. 

Although the present invention will be described with 
particular reference to a card web as the web to be cross 
laid, it is to be appreciated that this is for illustrative pur 
poses only and that other webs may be used. Examples 
of Such other webs would include, for example, random 
laid fibrous webs, paper, warp sheets or other parallel 
yarn or filament sheets, scrim, gauze, or other textile 
fabrics, particularly light, open-weave fabrics, and the 
like. 

Additionally, it is also to be noted that the cross-laid 
Structure may be used as the final product itself, or it 
may be combined with other cross-laid structures, or with 
parallel-laid or unidirectional structures, such as card 
webs or with random-laid or isotropic structures, or even 
with fabricated structures such as woven, knitted, felted 
or braided fabrics, etc., to provide specially built-in char 
acteristics and properties. 
The weight of the cross-laid sturcture may be as low 

as about 50 grains per square yard, particularly, when it 
is to be used merely as a component of a combined or 
composite structure, or it may be 300 or more grains per 
square yard, particularly when the cross-laid structure is 
to be used alone, when greater strength and body are 
Tequired or desired. When combined with other cross 
laid structures. or other materials, the total weight of the 
composite product may possess substantially any desired 
weight, say, up to 4000 or more grains per square yard. 
The length of the cross-laid structure may be endless 

inasmuch as the process is continuous. The width of the 
cross-laid structure is naturally dependent upon the ex 
tent or "throw' of the to-and-fro movement of the 
vertically-movable conveyor and upon the width of the 
horizontally-movable conveyor upon which it is deposited. 
Any desired width is, of course, theoretically possible. 
However, within the more commercial aspects of the pres 
ent invention, widths of from about 36 inches to about 
84 inches are contemplated, with widths of from about 54 
inches to about 66 inches being most common. 

In the accompanying drawings and following specifica 
tion, there are illustrated and described preferred methods 
and apparatus for making the cross-laid structures of the 
present invention. Such, however, are illustrative only 
and are not to be construed as limitative of the broader 
aspects of the present invention. Referring to the accom 
panying drawings: 
FIGURE 1 is a side elevation of apparatus suitable for 

carrying out the improved methods of the present inven 
tion, with some parts being cut away or omitted for pur 
poses of clarity; 
FIGURE 2 is fragmentary detail showing of a portion 

of the apparatus of FIGURE 1, showing the construction 
and drive of the lay-down rolls; 
FIGURE 3 is an end elevation of the apparatus of 

FIGURE 1, looking in the direction of the arrow 3 of 
FIGURE 1, again with some parts being cut away or 
lomitted for purposes of clarity; 
FIGURE 4 is a fragmentary cross section of a por 

tion of the pile fabric covering on the angularly inclined 
conveyor, taken on the lines 4-4 of FIGURE 3: 
FIGURE 4a is a fragmentary cross-section of a portion 

of the pile fabric covering on the oscillating conveyor, 
taken on the line 4a–4a of FIGURE 3; and 
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FIGURE 5 is a plan view of the apparatus of FIGURE 
1, taken on the lines 5-5 of FIGURE 1, again with some 
parts being cut away or omitted for purposes of clarity. 

In the embodiment of the invention illustrated in the 
drawings and with particular reference to FIGURE 1, a 
conventional textile card is used and comprises a main 
card cylinder 10 and a doffing cylinder 12 which is rotat 
able on its axis 14 mounted in bearings in the card frame 
16. The card web formed on the peripheral surface of the 
doffing cylinder 12 is removed therefrom by a worker roll 
18 mounted for rotation in bearings in the card frame 16 
and covered with conventional metallic card clothing or 
fillet card clothing. 
The linear peripheral speed of the worker roll 8 is 

usually equal to the linear peripheral speed of the doffing 
cylinder 12 but may be decreased so that it rotates with a 
lesser linear peripheral speed to provide a compacted 
fibrous web having more isotropic properties. In a similar 
way, if a more highly oriented fibrous web is desired, the 
linear peripheral speed of the worker roll may be in 
creased so that it rotates with a greater linear peripheral 
speed than that of the doffing cylinder. 
The card web on the rotatable worker roll 18 is removed 

therefrom by a pair of cooperating, smooth-faced nip-rolls 
20 and 22, each mounted in bearings in the card frame 16 
and rotating with approximately the same linear pe 
ripheral speed as that of the worker roll 18. 
The card web is forwarded between the nip rolls, goes 

over the smooth-faced nip-roll 20, and is advanced onto 
the surface of an angularly-inclined conveyor 24 which 
comprises a movable, endless rubber or canvas belt or 
apron 26 mounted on two rotatable rolls 28 and 30. These 
rolls 28 and 30 are driven with approximately the same 
linear peripheral speed as that of the smooth-faced nip 
rolls 20 and 22 and their direction of rotation is such 
that the card web is advanced upwardly along the ex 
posed upper or outer reach of the angularly inclined con 
veyor 24. 
The angularly inclined conveyor 24 may be angularly 

adjusted to any desired angular relationship with respect 
to the card so that the card web can be advanced upwardly 
to greater or lesser heights, as desired. This is accom 
plished by pivoting the entire conveyor 24 about the axis 
of the driving roll 28, and then locking or otherwise se 
curing the angularly inclined conveyor 24 in the desired 
or required angular position. 
The endless belt or apron 26 is provided with a pile 

fabric cover 25 (see FIGURE 4) comprising a base fabric 
27 and pile elements 29 extending substantially perpen 
dicularly to the base fabric 27. If desired, these pile ele 
ments may be flattened so that they are inclined forward 
ly and in the direction of movement of the belt 26. Such 
fiber direction enables the pile fabric to hold the web 
more Securely but still permits its removal therefrom at a 
subsequent time. The pile fabric cover 25 may be secured 
by adhesive or other means to the belt or apron 26. 
As used herein, the term "pile fabric' is used in its 

broadest textile sense and is intended to cover pile fabrics 
which usually have a relatively soft, gentle and limp hand 
and feel and which possess drapeability, pliability, and 
conformability as to be useful for house furnishings such 
as carpets, rugs, upholstery fabrics, etc. Such fabrics have 
raised loops or tufts (cut loops) which form all or a por 
tion of the Surface of the pile fabric. Specific examples 
of such pile fabrics include, for example: plush, which 
normally has a pile about /8 inch or more in height; 
velvet, which normally has a pile less than about 1/8 inch; 
panné, which has a flattened, lustrous pile; or other pile 
fabrics, such as velveteen, velour, terry, corduroy, frisé, 
etc. The pile portions of such fabrics may be warp pile, 
filling pile, knotted pile, or combinations thereof. 

Such a pile fabric exercises excellent control over the 
card Web as it is being advanced thereby. Such excellent 
control is due to the fact that there are so many more in 
dividual fibers and filaments in a unit area of the pile 
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4. 
portion acting as controlling points as compared to, for 
example, the number of controlling points on card cloth 
ing, even fine fillet card clothing. For example, the num 
ber of controlling points on fillet cotton card clothing may 
range up to a maximum of about 93,000 points per square 
foot. In the case of a pile portion of textile fibers in a 
commercially available pile fabric, the number of control 
ling points may range from, say, about two hundred thou 
Sand up to several hundred thousand or even over a mil 
lion. 
The card web, having been advanced and raised to the 

desired height by the angularly inclined conveyor 24 is 
then transferred to the surface of an oscillating conveyor 
32. This oscillating conveyor comprises a movable end 
less belt or apron 34 mounted on two rotatable rolls 36 
and 38 and is movable as indicated by the directional ar 
rows. The oscillating conveyor 32 is pivotally secured to 
the angularly inclined conveyor 24 by means of a pivotal 
connecting plate 40 which links together the axes of the 
roll 30 of the angularly inclined conveyor 24 and the roll 
36 of the oscillating conveyor 32. The axis of roll 30 
is initially secured in position and remains in that posi 
tion. The axis of the roll 36, however, is caused to oscil 
late about the axis of the roll 30, as shown by the upper 
arcuate arrow in FIGURE 1, by means to be described 
more fully hereinafter. The linear peripheral speed of 
the endless belt or apron 34 of the oscillating conveyor 32 
is approximately the same as that of the endless belt or 
apron 26 of the angularly inclined conveyor 24. 
The endless belt or apron 34 on the oscillating conveyor 

32 is similar in basic construction to the endless belt or 
apron 26 on the angularly inclined conveyor 24 and is 
normally also made of canvas, natural or synthetic rubber, 
or the like. It is similarly provided with a pile fabric 
cover 33 (see FIGURE 4a) comprising a base fabric 35 
and pile elements 37. The pile fabric cover 33 may be 
Secured by adhesive or other means to the belt or 
apron 34. 
The pile fabric cover 33 is similar to the previously de 

scribed pile fabric 25. The pile elements 37 of the pile 
fabric 33 on the oscillating conveyor 32 are also prefer 
ably inclined rearwardly and opposite to the direction of 
movement of the belt 34. In this way, the pile elements 
face upwardly on the reach of the oscillating conveyor 32 
which is carrying the card web downwardly and thus gent 
ly hold the card web and prevent it from sliding down 
Wardly under the force of gravity. And, due to the fact 
that there are so very many pile elements in contact with 
Substantially the entire face of the card Web, there is no 
penetration or punching of holes in the card web as would 
be possible if a fewer number of pointed wires or teeth 
Contacted the card web. The angular direction also faci. 
itates the removal of the web from the pile fabric at a 
later time. 
As noted particularly in FIGURE 4a, the individual 

elements 37 of the pile fabric 33 are set at an angle or to 
the base portion 35 of the pile fabric 33. The angle cy, 
as noted in FIGURE 4a, is measured rearwardly and 
opposite to the direction of movement of the belt 34. This 
angular relationship may be formed during the weaving 
of the pile fabric by known techniques, or it may be cre 
ated Subsequent to weaving by known heat-setting tech 
niques. The former method is employed when the fila 
Inents are not thermoplastic, such as regenerated cellulose 
filaments, or cotton, or wool fibers, which do not respond 
properly to heat setting. The latter heat-setting process 
is preferred when the filaments are made of thermoplastic 
materials, Such as celluose acetate, polyamides, polyesters, 
acrylics, etc., which respond to such heat treatments. 

In order that the belt 34 properly conveys the card 
Web along the surface thereof and exercises the necessary 
control thereover for all operational speeds of the oscil. 
lating conveyor, the filaments are set in an angle or of 
from about 5 to about 75° in the direction shown in 
FIGURE 4a and preferably are set at from about 300 to 
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about 50. In FIGURE 4a, the angle o is approximately 
45. At low operational speeds of the oscillating con 
veyor, it is possible to increase the angle ox to 90° and the 
pile fabric will possess sufficient adherent properties to 
hold the web thereon. However, at increased operational 
Speeds of the oscillating conveyor, the angle or is prefer 
ably reduced to the 5-75 range, or most desirably to 
the 30-50 range. The above angular relationship are, 
of course, also applicable to the pile elements of the pile 
fabric 25 on the angularly inclined conveyor. 24. 

in case the pile elements are uncut loops, the angle cy 
is generally determined by drawing a median line through 
the loop, extending this line from its base through its high 
est point, and calculating its angular relationship to the 
base portion. Such angle is, of course, required for the 
proper and necessary fiber-holding action. 
More precisely speaking, the angle c. should preferably 

be such that the pile elements on the web-carrying side 
of the oscillating conveyor 32 are directed rearwardly 
and upwardly at substantially all times during the oscil 
latory motion of the conveyor. The problem of card 
web slippage is not acute when the oscillating conveyor 

... is in the “out' or "far' position, that is, most distant from 
the card when the card web rests upon upwardly directed 
pile elements on the upper surface of the conveyor. How 
ever, the problem is acute in the case when the oscillating 
conveyor 32 is in the “in” or "near' position, closest to 
the card, when the card web is actually on the under Sur 
face of the conveyor and is being carried by pile elements 
which may not be directly upwardly. 

For a particular angular configuration and a specified 
operational speed of the oscillating conveyor 32, there is 
normally a minimum and a maximum amount of angul 
larity possible for the pile elements of the pile fabric. 
In the particular case of FIGURE 1, wherein the maxi-. 
mum angularity of the oscillatory conveyor is about 25 
to the vertical, then the preferred minimum inclination 
of the angular pile to the vertical is also about 25, or, 
when measured with respect to the base of the pile fabric, 
such as angle o is measured, about 65. If such values 
are followed, then the pile elements will always be in 
clined rearwardly and upwardly on the surface conveying 
the card web and there will be adequate physical control 
exercised over the card web at all operational speeds of 
the oscillating conveyor. 
As a consequence of Such excellent physical control, 

there is no slippage of the card web on the oscillating 
conveyor 32 and the card web is smoothly conveyed 
thereby. 
The card web then passes downwardly between a pair 

of contacting rotatable lay-down rolls 42 and 44 which 
guide and direct it onto the surface of a horizontally 
movable conveyor 46. Simultaneously, with the advanc 
ing movement of the conveyor 32, there is also provided 
an oscillatory movement. This is accomplished by mount 
ing a pivotal sliding bearing 48 on top of a sliding block 
assembly 50 secured to the conveyor 32 and causing the 
sliding block assembly 50 to reciprocate with a rectilinear 
to-and-fro movement as desired. 
The sliding block assembly 50 may be caused to have 

rectilinear reciprocating motion by any desired mechani 
cal device. According to the present invention, recipro 
cating motion is given to the siding block 50 by linkages 
51, 52, 53 and 54 which are secured to a movable sprocket 
chain 56 which is mounted upon rotatable sprockets 58 
and 60. As noted in FIGURE 1, the linkage 54 is secured 
to the sprocket chain 56 by a locking nut 62. 

It will be appreciated that rotation of the sprockets 58 
and 69 will cause the sprocket chain 56 to move in the 70 
direction indicated by the arcuate directional arrows and 
thus cause the linkage 54 to reciprocate alternately from 
right to left, as viewed in FIGURE 1. Reciprocation of 
linkage 54 will cause linkages 51, 52 and 53 and the slid 
ing block 50 also to reciprocate. 
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6 
The length of the throw of the Iinkage 54 is, of course, 

equal to the horizontal throw of the lowermost portion 
of the oscillating conveyor 32. The speed of the lower 
most portion of the oscillating conveyor 32 is equal to 
the speed of the linkage 54 and locking nut 62 during their 
horizontal movements. At the ends or "dwells' of the 
sprocket chain, the speed of the lowermost portion of the 
oscillating conveyor rapidly decreases to zero and reverses 
to move in the opposite direction. It is during this dwell 
that the Selvage is being formed. As used herein, the 
speed of the lowermost portion of the oscillating con 
veyor refers to its speed when the linkage 54 and lock 
nut 62 are moving along the horizontal portion of the 

The two rotatable sprockets 
58 and 60 are therefore made small so as to decrease the 
dwell time of the linkage 54 and of the oscillating con 
veyor 32 at the extremities of their respective motions. 
The linear speed of the sprocket chain 56 may be equal 

to the web delivery speed of the oscillating conveyor 32. 
Preferably, however, the linear speed of the sprocket 
chain 56 is slightly greater than the web delivery speed 
of the oscillating conveyor 32. In this way, the end of 
the web will be laid down at its extremities and will be 
actually drafted slightly as the oscillating conveyor moves 
away from the extreme position faster than the web is 
being delivered by the pile fabric on the oscillating con 
veyor. Speed ratios of the linear speed of the sprocket 
chain 54 to the pile fabric speed of up to 1.2 to 1 have 
been found desirable and advantageous. The fibers are 
aligned better and a more uniform cross-laid fabric is 
obtained. Of course, this makes it all the more impera 
tive that the ends of the web laid down at the extreme 
position resist the pull of the drafting motion and remain 
in the precise position at which it was laid down originally. 
This is accomplished by vacuum means to be described 
'more fully hereinafter. 

Movement of the linkages 51, 52, 53, 54 would nor 
mally tend to make the sliding biock assembly 50 and the 
oscillating conveyor 32 move in arcuate fashion about the 
center of the rotatable roll 36. However, this is pre 
vented by causing the sliding bearing 48 positioned on the 
top of the sliding block assembly 50 to slide upon a hori 
Zontally positioned slide rod 64 which is fixedly mounted 
at its ends in the card frame 6. 
As a result of the restraint placed upon the sliding 

block assembly 50 by the slide bearing 48 and the slide 
rod 64, the conveyor 32 oscillates with such a move 
ment that its lowermost portion moves substantially hori 
zontally in a direction parallel to the slide rod 64. The 
upper end of the conveyor 32 is therefore compelled to 
yield and to also move upwardly or downwardly depend 
ing upon the particular angular configuration of the slid 
ing block assembly 50 and the oscillating conveyor 32. 
Consideration of FIGURE 1 will make it apparent that 
the uppermost part of the conveyor 32 will be in its cen 
tral uppermost position when the conveyor 32 is sub 
stantially vertical whereas it will be in its lowermost posi 
tion when the conveyor 32 is at the extremities of its 
oscillating movement. The upper arcuate directional ar 
row in FIGURE 1 indicates the path taken by the center 
of the axis of rotatable roll 36 during this movement of 
the uppermost part of the conveyor 32. 

Consideration of FIGURE 1 will reveal that the card 
web is conveyed downwardly on the left side of the oscil 
lating conveyor and passes between the rotatable laid 
down rolls 42 and 44 and is deposited on the horizontally 
movable conveyor 46. Then, as the oscillating con 
veyor 32 oscillates, the card web is laid down with a to 
and-fro motion in cross-laid or cross-lapped configuration 
on the horizontally movable conveyor 46. Actually, as 
it is laid down at the extremity of the oscillatory motion, 
the end of the card web is folded back upon itself to form 
the Selvage of the cross-laid fabric being formed. If 
there were no positive means to locate this selvage, it would 

In accordance with the 
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principles of the present invention, suction-applying 
means 70 are provided at the extremities of the to-and-fro 
transverse movement of the card web on the oscillating 
conveyor to restrain the movement of the outermost ends 
of the card web and to hold the newly formed selvage in 
a fixed position on the surface of the horizontally movable 
conveyor 46. 
The suction-applying means is positioned immediately 

beneath the horizontally movable conveyor 46 which is 
made of an air-permeable foraminous nature. A woven 
fabric made of relatively strong, abrasion resistant ma 
terials such as nylon fibers, is desirable for the horizontal 
ly movable conveyor. 
The suction-applying means comprises two parallel 

suction ducts 72 and 74 positioned immediately under 
the air permeable, horizontally movable conveyor at the 
extremities of the to-and-fro transverse movement of the 
card web. The two suction ducts are connected to a com 
mon manifold 76 which is connected with a suitable vac 
uum source, such as an intake blower or the like (not 
shown). A thin slit 80 is formed in the upper surface of 
the suction duct and the suction exerted therethrough 
holds the selvages of the cross-laid fabric in proper posi 
tion on the surface of the air permeable horizontally mov 
able conveyor. The width of the slits 80 will vary de 
pending upon the particular situation but normally widths 
of from about 346 inch to about 3/8 inch are satisfactory, 
The cross-laid fabric, having been laid down on the 

horizontally movable conveyor 46, is then conveyed to 
the left as viewed in FIGURE 3, and ultimately moves 
beyond the holding force exerted by the air slits 80. If 
desired, it may be wound up on a supply roll 78 to be 
Stored for future processing or use. Preferably, however, 
the cross-laid fabric is forwarded directly for the addi 
tional processing. Such additional processing would 
comprise the combination or lamination of the cross-laid 
fabric with other materials, coating, impregnating, calen 
dering, and bonding processes, and the like. 
The invention will be further illustrated in greater de 

tail by the following specific examples. It should be un 
derstood, however, that although these examples may 
describe in particular detail some of the more specific 
features of the invention, they are given primarily for 
purposes of illustration and the invention in its broader 
aspects is not to be construed as limited thereto. 

Example I 

A fibrous lap comprising 75% by weight of 3-denier, 
1%6 inch staple length nylon 6/6 polyamide fibers and 
25% by weight of 1.5-denier, 1946 inch staple length dull 
viscose rayon fibers is fed to a card having a width of 40 
inches. The card web produced is removed from the 
doffing cylinder of the card with a 1.1:1 compaction of 
the web between the doffing cylinder and the worker roll 
dofling mechanism. The weight of the web is about 75 
grains per square yard. The web is then transferred to 
the surface of an angularly inclined conveyor having a 
1:1 linear speed ratio with respect to the worker roll 
doffing mechanism. The textile pile fabric on the angular 
ly inclined conveyor is velvet and is made of rayon fibers 
90 to the base fabric. The web is then transferred to 
the surface of a vertically movable oscillating conveyor 
which has a linear speed ratio of 1:1 with respect to the 
angularly inclined conveyor. The pile fabric on the 
oscillating conveyor is velvet and is made of wool fibers 
45 to the base fabric, measured rearwardly and opposite 
to the direction of movement of the conveyor. 
The horizontally movable conveyor is set at a linear 

speed of 8 yards per minute. The throw of the oscillating 
conveyor is set so as to deposit a web 60 inches in width 
on the horizontally movable conveyor. The web is cross 
laid at approximately 18-26' angle which requires about 
7.2 cycles per minute of the oscillating conveyor. This 
amounts to a delivery rate of web of about 24 yards per 
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8 
minute from the oscillating conveyor and the angularly 
inclined conveyor. 
The vacuum assist lay-down under the horizontally 

movable conveyor is operated at 10 inches of water nega 
tive static head. This results in an air velocity of about 
4,000 feet per minute through the hold-down slots and 
a flow of approximately 2500 cubic feet per minute per 
unit. A 10% draft is imparted to the web by the action 
of the oscillating conveyor pulling against the vacuum as 
sist lay-down. 
The cross-laid fabric possesses two thicknesses and is 

60 inches wide. Its weight is about 225 grains per square 
yard. The Selvages are sharply defined and clear-cut. It 
is then laminated with two similarly-constructed cross-laid 
fabrics and the laminate of three cross-laid fabrics weigh 
ing about 675 grains per square yard is bonded with a 
suitable pre-binder, processed over conventional, heated 
dry cans, binder-padding equipment, a gas-fired oven, and 
then through calendering equipment. The resulting fab 
ric is suitable as an all-bias interlining, 

Examples II de III 
The procedures of Example I are followed substantially 

as set forth therein with the exception that the pile on 
the vertically movable oscillating conveyor is (a) 30 and 
(b) 50 to the base fabric. 
Both operations are commercially successful and the 

web is carried smoothly and efficiently on the surface of 
the oscillating conveyor at all times. The operations are 
still commercially successful when the operational speed 
is increased so that the horizontally movable conveyor 
moves with a linear delivery speed of 15 yards per minute. 

Example IV 
The procedures of Example I are carried out substan 

tially as set forth therein with the exception that the pile 
on the oscillating conveyor is 90° to the base fabric. 
The operation is commercially satisfactory with addi 

tional attention being required by the operators in that 
the web being carried by the oscillating conveyor occa 
sionally tends to fall away from the surface thereof when 
the oscillating conveyor is in the near position with re 
Spect to the card. There is an occasional lack of uni 
formity in the web and in the resulting cross-laid fabric 
Whenever the web does fall away from the oscillating con 
veyor. 

Example V 
The procedures of Example I are carried out substan 

tially as set forth therein except that (1) the pile on the 
oscillating conveyor is 90° to the base fabric and (2) the 
operational Speed of the apparatus is increased so that the 
Speed of the horizontally movable conveyor goes from 
8 yards per minute to 15 yards per minute. 
The operation is not commercially satisfactory. The 

tendency of the web to fall away from the pile fabric on 
the oscillating conveyor is too great. The windage of the 
oscillating conveyor tends to pull the web away from the 
pile fabric. Also, the vacuum effect of the surface of the 
oscillating conveyor, as it moves inwardly toward the 
card, tends to billow out the web undesirably. 

Example VI 
The procedures of Example I are carried out substan 

tially as set forth therein with the exception that the vac 
uum assist lay-down is not used. 
The operation is not commercially satisfactory in that 

the Selvages are not sharply defined or clear-cut but are 
irregular and ragged. The appearance is decidedly unde 
sirable. No drafting of the web is possible by the oscil 
lating conveyor. Difficulties are also encountered with 
regard to the alignment of the internal diagonally-posi 
tioned edges. 

Although several specific examples of the inventive 
concept have been described, the same should not be con 
Strued as limited thereby nor to the specific materials or 
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embodiments mentioned therein but to include various 
other materials and embodiments as set forth in the claims 
appended hereto. It is understood that any suitable 
changes, modifications and variations may be made with 
out departing from the spirit and scope of the invention. 
What is claimed is: 
1. In apparatus for depositing a fibrous web in a plu 

rality of overlapping folds on an air-permeable, movable 
conveyor wherein the fibrous web is deposited with a to 
and-fro movement having a direction generally transverse 
to the direction of movement of the air-permeable, mov 
able conveyor, the improvement which comprises vertically 
movable conveyor means to deliver said fibrous web for 
deposition on said air-permeable, movable conveyor with 
a linear speed less than the linear speed of said to-and 
fro transverse movement, and suction-applying means lo 
cated substantially only at the extremities of the to-and 
fro transverse movement of the fibrous web to restrain 
movement of the outermost portions of said fibrous web 
while permitting movement of the internal portions of said 
fibrous web with respect to the surface of the air-perme 
able, movable conveyor, whereby the fibrous web is 
drafted during its deposition on said air-permeable, mov 
able conveyor. 

2. In apparatus for depositing a fibrous web in a plural 
ity of overlapping folds on an air-permeable, movable 
conveyor wherein the fibrous web is deposited with a to 
and-fro movement having a direction generally transverse 
to the direction of movement of the conveyor, the im 
provement which comprises vertically movable conveyor 
means to deliver said fibrous web for deposition on said 
air-permeable, movable conveyor with a linear speed less 
than the linear speed of said to-and-fro transverse move 
ment, said vertically movable conveyor means having a 
textile pile fabric surface to control the fibrous web there 
on during its vertical movement prior to being deposited 
on the air-permeable, movable conveyor, and Suction ap 
plying means located substantially only at the extremities 
of the to-and-fro transverse movement of the fibrous web 
to restrain movement of the outermost portions of said 
fibrous web while permitting movement of the internal 
portions of said fibrous web during the to-and-fro trans 
verse movement. 

3. In apparatus for depositing a fibrous web in a plu 
rality of overlapping folds on an air-permeable, movable 
conveyor wherein the fibrous web is deposited with a 
to-and-fro movement having a direction generally trans 
verse to the direction of movement of the air-permeable 
movable conveyor, the improvement which comprises 
vertically movable conveyor means to deliver said fibrous 
web for deposition on said air-permeable, movable con 
veyor with a linear speed less than the linear speed 
of said to-and-fro transverse movement, a relatively soft, 
drapeable, pliable and conformable textile pile fabric 
surface on said vertically movable conveyor means to con 
trol the fibrous web thereon during its vertical move 
ment prior to being deposited on the air-permeable mov 
able conveyor, said textile pile fabric having pile ele 
ments which are inclined at an angle of from about 5 
to about 75 rearwardly and opposite to the direction 
of movement of said vertically movable conveyor means, 
and suction applying means located substantially only 
at the extremities of the to-and-fro transverse movement 
of the fibrous web to restrain movement of the outermost 
portions of said fibrous web while permitting movement 
of the internal portions of said fibrous web during the 
to-and-fro transverse movement. 

4. In apparatus for depositing a fibrous web in a plu 
rality of overlapping folds on an air-permeable horizon 
tally movable conveyor wherein the fibrous web is de 
posited with a to-and-fro movement having a direction 
generally transverse to the direction of movement of the 
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conveyor, the improvement which comprises a vertically 
movable conveyor to deliver said fibrous web for depo 
sition on said air-permeable horizontally movable con 
veyor with a linear speed less than the linear speed of 
said to-and-fro transverse movement, a relatively soft, 
drapeable, pliable and conformable textile pile fabric 
Surface on said vertically movable conveyor to control 
the fibrous web thereon during its vertical movement 
prior to being deposited on the air-permeable horizontally 
movable conveyor, a pair of distributing rolls cooper 
ating with said vertically movable conveyor to guide 
the fibrous web as it is deposited on the air-permeable 
horizontally movable conveyor, and suction applying 
means located substantially only at the extremities of 
the to-and-fro transverse movement of the fibrous web 
comprising a suction duct and a pair of slits formed in 
said Suction duct extending under said air-permeable 
horizontally movable conveyor to restrain movement of 
the outermost portions of said fibrous web while permit 
ting movement of the internal portions of said fibrous 
web during the to-and-fro transverse movement. 

5. A method of depositing a fibrous web in a plurality 
of overlapping folds on an air-permeable movable con 
veyor, wherein the fibrous web is deposited with a to 
and-fro movement having a direction transverse to the 
direction of movement of the air-permeable movable con 
veyor comprising; conveying said fibrous web substan 
tially vertically downward for deposition on said air 
permeable movable conveyor while providing said ver 
tically moving web with a to-and-fro movement, deposit 
ing said web on said air-permeable movable conveyor 
while simultaneously drafting said web, and restraining 
movement of the outermost portions of said fibrous web 
at the extremities of the to-and-fro transverse movement 
of the fibrous web while permitting movement of the 
internal portions of said fibrous web with respect to 
the Surface of the air-permeable movable conveyor. 

6. A method of depositing a fibrous web in a plurality 
of overlapping folds on an air-permeable movable con 
veyor, wherein the fibrous web is deposited with a to-and 
fro movement having a direction transverse to the direc 
tion of movement of the air-permeable movable conveyor 
comprising; conveying said fibrous web substantially ver 
tically downward for deposition on said air-permeable 
movable conveyor while providing said vertically moving 
Web with a to-and-fro movement, applying a frictional 
force to control the fibrous web during its vertical move 
ment, depositing said web on said air-permeable movable 
conveyor while simultaneously drafting said web, and 
restraining movement of the outermost portions of said 
fibrous web at the extremities of the to-and-fro trans 
verse movement of the fibrous web while permitting move 
ment of the internal portions of said fibrous web with 
respect to the Surface of the air-permeable movable con 
veyor. 
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