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This invention relates to felts for paper making 
machines, such as Fourdrinier or cylinder machines or 
the like, and particularly to felts for the wet end of such 
a machine. 

Paper makers felts of the nature referred to are ex 
tremely important articles of manufacture because they 
control the quality of paper being made and the speed 
at which it can be made. Such felts must exhibit uni 
form drainage characteristics so that the liquor will drain 
properly from the slurry or furnish that is ?owed onto or 
picked up by the felt as the paper web is formed thereon. 
The felts must also be quite strong and resistant to abra 

sion in order to obtain a reasonable length of life thereof. 
Still further, such felts must exhibit uniform surface 
characteristics from end to end in order to assure the 
production of a uniform product. 

Heretofore, paper makers felts have usual-1y been con 
structed of natural ?bers such as wool because these 
?bers have a natural felting tendency which provides for 
a product that is dimensionally stable and reasonably 
strong. 

Natural ?bers, however, are lacking in being suf? 
ciently resistant to chemical attack to provide for the 
best possible paper makers felt. For example, synthetic 
?bers are superior to natural ?bers in resisting chemical 
and bacterial attack and are, furthermore, highly resistant 
to abrasion and exhibit great strength. 

Accordingly, synthetic ?bers have certain characteris 
tics that :are ideal for the manufacture of paper makers 
felts but the ?bers are inferior with respect to producing 
a ‘dimensionally stable fabric because the synthetic ?bers 
are smooth and slippery and thus do not tend to felt to 
gether as is the case with natural ?bers, such as wool, 
which have serrated or irregular edge portions. 

Synthetic ?bers have ‘been employed, however, success 
fully in the manufacture of paper makers felts by blend 
ing them with suf?cient wool to obtain a felting action 
necessary for stabilizing the fabric. In other cases, it has 
been found that felts can be made entirely of synthetic 
?bers by interlocking the ?bers by a needling process by 
means of which the ?bers become interlocked together 
and thus provide for a dimensionally stable felt. 

Another method of producing a paper makers felt 
utilizing either synthetic or natural ?bers involves the 
weaving of a backing and the application to at least one 
face thereof of a bat of ?bers to form‘ a composite felt 
or fabric of the desired characteristics. 
Such bats, when bats are applied to a base fabric, as 

referred to above, are laid across the woven base fabric 
in strips and the fabric is thereafter needled in a needle 
loom to ‘bring about tight interlocking of the ?bers of the 
bat to the base fabric. A process of this nature produces 
a felt which has desirable characteristics but, it has been 
found that this manner of applying the bat to the base, 
fabric does not produce ‘an absolutely uniform distribution 
of the bat material so that the characteristics of the result 
ing end product are not absolutely uniform as is most de 
sirable with felts of this nature. 

Furthermore, the ?bers of a ‘bat applied in this manner 
are not all tightly attached to the base fabric so that 
there is a tendency for there to be a continuous loss of 
?bers from the felt which, of course, detracts from the 
quality of the product produced and from the useful life 
of the felt. 
Having the foregoing in mind, a primary object of the 

present invention is the provision of a method of manu 
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facturing a paper makers felt' in‘ which 1a bat is uniformly 
distributed over the entire felt. ‘ 
Another object of this invention is the provision‘ of a 

method of supplying a bat to a base fabric to make a 
paper makers felt in which substantially any desired sur 
face characteristics on either side of the felt can be ob 
tained. 

Still another object of this invention is the provision of 
an improved paper makers felt consisting of :a strong, di 
mensionally stable fabric and a bat uniformly distributed 
over the felt and needled thereto. 

These and other objects and advantages of this inven 
tion will become more apparent upon reference to the 
following speci?cation taken in connection with the lac 
companying drawings in which: 
FIGURE 1 is a diagrammatic representation of a 

loom producing a paper makers felt according to this in 
vention; 
FIGURE 2 is a diagrammatic representation of a needle 

loom in which the felt is needled; 
FIGURE 3 is an elevational view showing the appear 

ance of a fabric woven according to the present inven 
tion prior to needling thereof; 
FIGURES 4, 5 and 6 are sectional views indicated by 

lines 4—-4, 5——5, and 6—6, respectively, on FIGURE 3; 
FIGURE 6A is a sectional view indicated by line 

6A--6A on FIGURE 3 showing the manner in which the 
rovings or slivers rest on top of the ?ll threads of the 
base fabric after the fabric is beaten up in the loom; 
FIGURE 7 is a perspective view showing another type 

of weave by which a felt can be made according to this 
invention; 
FIGURE 8 is a plan view of the felt of FIGURE 7; 
FIGURE 9 is a view of the felt of FIGURE 7 looking 

up from the bottom; 
FIGURE 10 is a plan view of the felt of FIGURE 7 

looking up from the bottom; 
FIGURES 11 and 12 are sectional views indicated by 

lines 11—11, 12—12, respectively, on FIGURE 8; 
FIGURE 12A is a sectional view indicated by line 

12A~12A on FIGURE 8 showing the rovings or slivers 
as they are actually disposed on top‘ of the adjacent ?ll 
threads. 
FIGURE 13 is a perspective view looking at the top of 

another type of weave; 
\FIGURE 14 is a perspective view looking up from 

the bottom of the fabric of FIGURE 13; 
FIGURES 15 and 16 are top and bottom plan views, 

respectively, of the fabric of FIGURE 13; 
FIGURES 17 and 18 are sectional views indicated by 

lines 17-17 and 18--18, respectively, on FIGURE 15; 
FIGURE 18A is a sectional view indicated by line 

18A--18A on FIGURE 15 showing the rovings or slivers 
as they are actually disposed on top of the adjacent ?ll 
threads; 
FIGURES 19 and 20 are perspective views looking at 

the top and bottom, respectively, of still another fabric 
woven according to the present invention; 
FIGURES 21 and 22 are top plan and bottom plan 

views, respectively, of the fabric of FIGURE 19‘; 
FIGURES 23 and 24 are sectional views indicated by 

lines 23—23 and 24-24, respectively, on FIGURE 21; 
FIGURE 24A is a sectional view indicated by line 

24A—-24A on FIGURE 21 showing the rovings or slivers 
as they are actually disposed on top of the adjacent ?ll 
threads; 
FIGURES 25 and 26 are top and bottom perspective 

views, respectively, of still another fabric woven accord 
ing to this invention; 
FIGURES 27 and 28 are top and bottom plan views, 

respectively, of the fabric of FIGURE 25; 
FIGURES 29 and 30 are sectional views indicated by 
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lines 29—29 and 30-—30, respectively, on FIGURE 27; 
and 
FIGURE 30A is a view indicated by line 30A—30A 

on FIGURE 27. 

General Description 
The present invention accomplishes the several objec 

tives referred to by providing for absolute uniform dis 
tribution of bat material in a base fabric so that irregu 
larities in the resulting felt on account of joints of over 
laps between adjacent strips of bat material are eliminated. 
According to the present invention, this is accomplished 
by weaving the bat material into the base fabric in the 
form of a sliver of ?bers which is put into the fabric 
in the same way as the ?ll or weft threads. 

In this manner, the distribution of the bat material is 
uniform throughout the length of the felt, and from side 
to side thereof, and the bat material can be inserted into 
the body of the felt in any desired quantity and accord 
ing to any desired distribution. 
For example, there could be one pick of sliver for each 

pick of ?ll thread, or there could be more or fewer picks 
of sliver according to the requirements of the particular 
felt being woven. 

Similarly, depending on the requirement of the felt 
being woven, the slivers being inserted with the ?ll 
threads could be placed therein so as to be uniformly dis 
posed on opposite sides of the felt or so as to have more 
exposure on one side than the other. Still further, differ— 
ent sets of slivers could be placed in the fabric with one 
being mostly disposed in the upper surface and the other 
being mostly disposed in the lower surface where a two 
sided felt was the objective. 

In any case, it will be apparent that the resulting prod 
uct has a strong body or base fabric formed by inter~ 
woven warp and ?ll threads and uniformly distributed in 
this base fabric are the ?bers which impart to the woven 
felt its surface characteristics and, in part, its drainage 
characteristics in the form of untwisted, or only slightly 
twisted, roving or slivers woven into the base fabric ac 
cording to a uniform preselected pattern. The weaving-in 
of the slivers of ?bers completely avoids the objections 
which usually characterize paper makers felt in which the 
?bers referred to are applied to the base fabric in the 
form of a bat. 

Still further, a felt according to the present invention 
is found to have the woven-in ?bers more ?rmly anchored 
in the base fabric than is the case with a felt in which 
the ?bers are applied to the base fabric in the form of 
a bat. It is found that many of the ?bers, when they are 
applied to the base fabric in the form of a bat, are loosely 
joined thereto and easily pull out, whereas with a felt 
according to the present invention, it is found that a much 
higher percentage, in fact, substantially all of the woven-in 
?bers are ?rmly anchored in the base fabric. 

After the felt has been woven, it is treated according to 
known practices which include washing, processing the 
fabric through a needle loom, and shearing the nap, and 
other conventional steps, such as fulling. 

In connection with the needling of the fabric, this can 
be done by passing the fabric a plurality of times 
through a needle loom having barbed needles which 
penetrate the fabric a plurality of times for each unit 
area, say, from 100 to 1000 or more per square inch. 
The ?bers in the base fabric and the woven-in ?bers are 
thus forcibly entangled and displaced into interlocking 
relation With each other. Broadly, this corresponds to 
what occurs in the felting of natural ?bers when the 
natural ?bers creep together as the fabric is worked, on 
account of their natural serrated edge portions. 

Synthetic ?bers, lacking such serrated edge portions, 
will only interlock tightly when they are forcibly me 
chanically displaced into interlocking relation. Still fur 
ther, with synthetic ?bers that are either shrinkable or 
which can be “heat set,” this interlocking can be made 
permanent so that high strength and high stability of 
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4 
the felt results when the felt is either shrunk or heat 
treated following the needling operation. 
When heat shrinking is to be accomplished, the syn 

thetic ?bers employed are shrinkable Dacron or any 
similar synthetic ?lament capable of shrinking when 
subjected to heat. 
By a “heat settable” ?ber is meant one which can be 

softened by the application of heat so that after the 
fabric is needled and is then heat treated, the entangled 
interlocked ?lament will become permanently set whether 
or not any actual shrinkage occurs. Ordinarily, even 
with ?bers that are referred to as “heat settable" some 
shrinkage of say, about one-half percent to three percent 
will occur, whereas with the shrinkable ?bers, shrinkages 
of from ?ve to ?fteen percent can occur. 

Detailed Description 

FIGURES 3 through 6A show, somewhat diagram 
matically, one manner in which a paper makers felt can 
be woven according to the present invention. 

In FIGURES 3 through 6 the warp threads are indi 
cated at 10 and the conventional ?ll threads are indicated 
at 12. Warp 10 and ?ll 12 make up the base fabric and 
these threads can be of synthetic or all wool or any blend 
thereof. 
The woven-in rovings or slivers are indicated at 14 

and these are woven-in according to a different pattern 
from the ?ll threads 12. It will be understood that the 
‘beating up of the felt as it is being woven will tend to 
crowd the ?ll threads and the slivers adjacent thereto 
together so that the product as it comes from loom 16 
will appear somewhat differently than it does in the draw 
ings. For the purpose of clari?cation, however, the ?ll 
threads and the woven-in slivers are shown in FIGURES 
3 through 6 in side by side relation. 
The felt according to FIGURES 3 through 6 would 

be two sided because as much of the sliver material is 
exposed on the bottom of the fabric as is exposed on 
the top. 
As mentioned before, in beating up the fabric in the 

loom, the rovings or slivers are pushed over into posi~ 
tion to cover the adjacent ?ll threads and when the fabric 
is ?nished, the ?ll threads are normally always visible 
on the face of the fabric by pushing the rovings or slivers 
to one side. This comes about because the rovings or 
slivers are relatively loose and fluffy and on the sides 
of the fabric where there are Woven over three warp 
threads and then under one, they are pushed over the 
tops'of the adjacent ?ll threads in the beating up of the 
fabric so as to conceal the ?ll threads and also so as to 
expose on that side of the fabric a substantially continu 
ous surface of the roving or sliver material. 
_This is illustrated in FIGURE 6A which is a sectional 

view indicated on FIGURE 3 but which, it will be under 
stood, is a view that is representative of the fabric after 
1t has been woven and as it comes directly from the 
loom. 

In FIGURES 7 through 12 there is shown a some 
what different weave in which the warp threads are indi 
cated at 18, the ?ll threads at 20 and the woven-in 
sliver at 22. An inspection of these ?gures would show 
that the sliver is exposed more on top of the felt than 
on the bottom because it is woven over three warp 
threads then under one. The regular ?ll threads 20, on 
the other hand, are uniformly distributed in the top and 
bottom because they are woven over two warp threads 
and then under two. 

With the felt of FIGURES 7 through 12, there would 
be strongly one sided characteristics because most of the 
sliver material is on one side of the felt and the nap 
would upstand from the said one side. 
The back of the felt would consist mostly of the ex 

posed warp and ?ll threads ‘18 and 20 and would sustain 
the abrasion to which the felt would be subjected in use, 
FIGURE 12A, which is similar to FIGURE 6A, shows 

the fabric of FIGURES 7 through 12 more nearly as it 
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appears when it emerges from the loom and illustrates 
the manner in which the roving or sliver material is dis 
posed on top of the adjacent ?ll threads. 
FIGURES 13 through 18 show a felt substantially 

identical with the felt of FIGURES 7 through 12 except 
that the staggering of the points of interweaving of the 
sliver material with the warp threads is somewhat differ 
ently arranged. The reference numerals in FIGURES 
13 through 18 are the same as those employed in FIG 
URES 7 through 112 with the addition of a subscript a. 
FIGURE 18A is a view similar to FIGURES 6A and 

12A and also shows the fabric of FIGURES 7 through 
12 more nearly as it appears when it emerges from the 
loom and illustrates the manner in which the roving or 
sliver material is disposed on top of the adjacent ?ll 
threads. 
FIGURES 19 through 24 show still another felt woven 

according to this invention and in this case the amount 
of sliver material is increased by putting in two picks of 
sliver for each pick of ?ll thread. In these views, the 
warp threads are indiacted at 24, the ?ll threads at 26, 
and the woven-in slivers at 28. 

It will be noted that the felt of FIGURES 19 through 
24 is also strongly one sided because each sliver is ex 
posed mostly to the top of the felt by being woven over 
three warp threads and under one. The points of in 
terweave of the sliver material with the base fabric will, 
of course, stagger to provide for great strength and uni 
formity. 
‘FIGURE 24A is a view similar to FIGURES 6A, 12A 

and 18A and pertains to the fabric of FIGURES 19 
through 24 and shows the fabric more nearly as it appears 
when it emerges from the loom and illustrates the manner 
in which the roving or sliver material is disposed on top 
of the adjacent ?ll threads. 

In FIGURES 25 through 30 still another type of felt is 
illustrated which is somewhat similar to the felt of FIG 
URES 19 through 24 in that there are two slivers for each 
?ll thread but wherein the slivers are so woven that the 
felt is two sided. In these ?gures, the warp threads are 
indicated at 30, the ?ll threads at 32 and the slivers at 34. 
It will be noted that one group of slivers as at 34a, are 
interwoven with the warp threads, three over and one 
under, so as to lie mostly in the top of the fabric whereas 
the other group of slivers at 34b are interwoven with the 
warp threads, one over and three under, so as to lie 
mostly in the back face of the felt. Felt of this nature 
can be made completely two sided so that it can be run 
with either face out, and so that it can be turned out, if 
necessary. 
FIGURE 30A is a view similar to 6A, 12A, 18A and 

24A and pertains to the fabric of FIGURES 25 through 
30 and shows the fabric more nearly as it appears when 
it emerges from the loom and illustrates the manner in 
which the roving or sliver material is disposed on top of 
the adjacent ?ll threads. 
The warp and ?ll threads making up the body of the 

fabric are interwoven the same as in connection with the 
two previously described modi?cations. 
From the foregoing, it will be appreciated that many 

other weave patterns could be employed while practicing 
the present invention. The important characteristic in 
any case is the weaving into the base fabric of the ?bers 
that are to determine the surface characteristics of the 
completed product in the form of untwisted or slightly 
twisted rovings or slivers according to a predetermined 
?xed weaving pattern. 
As mentioned before, it has been found that the result 

ing felt is far superior with respect to uniformity of sur 
face and drainage characteristics than felts with a needled 
in bat and that the felt according to this invention has 
great strength and dimensional stability. 

In the foregoing speci?cation and in the appended 
claims, rovings and slivers is intended to mean substan 
tially untwisted or slightly twisted bundles of ?bers some 
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6 
what like a yarn having only su?icient twist thereto to re 
tain the ?bers in the form of a bundle that can be handled 
by the loom equipment. This would mean that some 
times the roving or sliver would ‘be completely untwisted 
and in some cases there would be a slight twist in the 
roving or sliver. 
The weaving-in of the slivers is accomplished by using 

a shuttle in the same manner as the regular ?ll threads 
are woven into the fabric. It will be understood that 
the slivers, where necessary, will have sufficient twist to 
retain them in the form of a bundle and to bind them 
together so that they would not be pulled apart when the 
shuttle passes from one side of the loom to the other. 

It will also be understood that the conventional ten 
sioning devices that are placed in the shuttle in order 
to maintain a predetermined tension on the ?ll threads 
would be adjusted to a minimum tension position, or 
preferably removed entirely, so that the minimum amount 
of the load would be placed on the slivers during the 
weaving process. In this manner, it is possible to weave 
in the slivers without breakage, even though the slivers 
are completely untwisted or only slightly twisted. 

It is understood that the appended claims are intended 
to cover both twisted and slightly twisted ?ber bundles. 

It will be understood that this invention is susceptible 
to modi?cation in order to adapt it to different usages 
and conditions; and, accordingly, it is desired to com 
prehend such modi?cations within this invention as may 
fall within the scope of the appended claims. 

I claim: 
1. A paper makers felt comprising a base fabric com 

sisting of interwoven warp and ?ll threads, said base 
fabric comprising slivers of fibrous material interwoven 
with the fabric parallel with the ?ll threads and uniformly 
distributed in the fabric, said warp and ?ll threads and 
slivers of ?brous material being tightly interlocked, said 
?ll threads being woven over two warp threads and then 
under two warp threads, and said slivers consisting of two 
groups, the members of which alternate with each other, 
the members of one group being disposed mostly in one 
face of the fabric and the members of the other group 
being disposed mostly in the other face of the fabric, 
said slivers being woven into the base fabric in pairs with 
a fill thread being disposed on the opposite sides of each 
pair of slivers. 

2. A paper makers felt comprising a base fabric con 
sisting of interwoven warp and ?ll threads, said base fabric 
comprising slivers of ?brous material interwoven with 
the fabric parallel with the ?ll threads and uniformly 
distributed in the fabric, said warp and ?ll threads and 
slivers of ?brous material being tightly interlocked, said 
?ll threads being woven over two warp threads and then 
under two warp threads, and said slivers consisting of 
two groups, the members of which alternate with each 
other, the members of one group being disposed mostly 
in one face of the fabric and the members of the other 
group being disposed mostly in the other face of the 
fabric, said slivers being woven into the base fabric in 
pairs with a ?ll thread being disposed on the opposite 
sides of each pair of slivers, and said felt having a raised 
nap on one side thereof. 
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