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2 
In the practice of the new method in conjunction with 

a tufting machine, the pile yarns are fed at rates varying 
2,853,034 in accordance with the requirements of a pattern and a 

METHOD OF MAKNG PLE FABRICS WITH supply of each yarn, which has been fed and lies between 
LOOPS OF DFFERENT HEGEET AND AP. 5. its needle and the feeding means, is stored during each 
PARATUS FOR PRACTICING THE METHOD upstroke of the needle. All the stored supplies contain 

the same length of yarn and they are all released when 
the needles nicve downward to penetrate the backing sheet 
and insert loops of the yarns through the sheet. During 

10 each cycle of operation of a needle, its yarn is being fed 
Application November 10, 1954, Serial No. 468,030 and the total amount of a yarn thus available to a needle 

- - - for insertion of a loop is the length of a stored supply 
15 Claims. (CI. 112-79) plus the length of the yarn so fed. During the upstroke 

- of the needle after insertion of a loop, a second supply 
This invention relates to the production of pile fabrics lé of the yarn is stored and, since the same length of yarn 

Allan H. Crawford, Amsterdam, N.Y., assigia or, by Rese 
assignments, to Mohasco Industries, Inc., Anasterdar, 
N.Y., a corporation of New York 

of the type made by passing loops of pile yarn through a is always present in all the stored supplies, the length 
backing sheet by means of needles and is concerned more of a yarn, which is left as a loop in the backing sheet, 
particularly With a novel method of making such fabrics, S the length of the yarn fed during the needle cycle, in 
in which the pile loops of the individual yarns vary in which the loop was inserted. 
height in accordance with a pattern. In addition to the 20 The apparatus forming a part of the invention may be 
method, the invention includes an apparatus, by which employed in the feeding of yarns to the pile-forming 
pile yarns can be fed to the pile-forming devices of fabric- devices of fabric-producing apparatus of various sorts 
producing machines at rates varying in accordance with and the apparatus affords close control of the amount of a pattern, the apparatus being advantageously used in yarn fed for each pile-forming operation of the apparatus. 
the practice of the method. 25 Accordingly, by the use of the apparatus, the height 

Tufted pile fabrics can be produced rapidly and at low of each loop, throughout the fabric being produced is 
cost on sewing machines of the multiple needle type used under control and may be varied as required by the 
for tufting operations and some of the machines hereto- pattern. 
fore available have been equipped with means, by which For a better understanding of the invention, reference 
the height of the loops can be varied. Such means have 30 may be made to the accompanying drawings, in which: 
taken the form of devices for feeding the pile yarns to the Figure is a view in side eleyation, with parts omitted, 
needles and function to feed more or less yarn to the of a sewing machine for tufting purposes, which is 
needles in accordance with the requirements of the pat- equipped with the yarn feeding mechanism of the inven 
tern. The needles of the machine penetrate the fatric ic tion; . . . 
a constant depth in the insertion of pile loops and, if a 35 Figure 2 is an elevational view on the lines 2-2 of Fig. 
loop of less than maximum height is to be formed, the 1 with parts omitted; 
amount of yarn fed for the formation of the following Figure 3 is a sectional view on the line 3-3 of Fig. 2; 
loop of that yarn is insufficient for a loop of maximum Figure 4 is a fragmentary sectional view on the line 
height. The insertion of the second loop to the standard 44 of Fig. 3; . . . . . . . . . . . . 
depth by its needles then results in yarn being withdrawn 40 Figures 5 and 6 are diagrammatic views illustrating the 
from the preceding loop, so that the loop first formed is operation of the yarn feeding and yarn storing means em 
reduced in height by an amount equal to the amount of ployed in the machine of the invention; . . . . . 
yarn taken therefrom. The height of each loop in the Figure 7 is a series of diagrams illustrating the inser 
fabric produced in the prior machines is thus determined tion of loops through a backing sheet in the operati t 
by the amount of yarn fed for the formation of the suc- 45 a tufting machine, equipped with the yarn feeding means 
ceeding loop of that yarn and the formation of a loop of the invention; and 
of less than maximum height is always accomplished by Figure 8 is a partial side elevational view of one of the 
taking yarn from a loop priviously inserted in the fabric. pattern elements. 
The withdrawal of yarn from the loop of that yarn The tufting machine shown somewhat diagrammatical 

previously inserted through a backing sheet, as described, 50 ly in the drawings comprises a frame structure 10 pro 
may cause a pucker in the backing sheet, especially if vided with a table i, over which the backing, sheet 12 
there is a knot in the yarn being withdrawn. Also, the is advanced from a supply by means of rolls 13, 14, 15, 
withdrawal from an inserted loop of yarn containing a and 16, some or all of which are driven. A shaft 17. 
knot may result in the yarn being broken, after which no mounted above the table and driven by suitable means 
joops of the yarn will be formed until the break is re- : 
paired, since the loose end will be merely carried by its 
needle through the backing sheet and then withdrawn 
without being caught by the looper of the machine. 
The methcd of the present invention when used in 

connection with a tufting machine makes possible the 60 
production of tufted loop pile fabrics, in which the for each yarn Yt. 
height cf each locp is under the control of a pattern and on the push rod guis ii. r , 
the loop assumes its final height upon complete retraction Beneath the tal plurality of loopers 26, one for 
of the needle in the formation of the loop. The height of each needle, are mounted on a bar 27 carried by arms 
each loop depends upon the amount of yarn fed to the 65 on a rockshaft 28. As the needles pass loops of the pile 
needle for the formation of the loop and the pattern yarn through the backing 
controls the loop height directly instead of through the ers are swu 
feeding of yarn for the succeeding loop of that yarn. 
Since no yarn is withdrawn from a previously inserted 
loop, the machine runs more smoothly than the prior 70 
machines and difficulties arising from knots in the pile 
yarns are avoided, -- - - - - - - - - - - 
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stationary guide 30 with an eye for each yarn is mounted 
in alignment with guide 29 at a distance therefrom, and 
the yarns issuing from the eyes in guide 30 travel to re 
spective guides 24. 

The yarns are drawn from the supplies by the new 
feeding apparatus, which includes an upper endless series 
of pattern elements 31 extending the full width of the sheet 
of yarns travelling from guide 29 to guide 30. The pat 
tern elements are mounted on two or more chains 32, 
which are trained about sprocket wheels 33 on shaft 34 
journalled in brackets 35 attached to the housing 36 for 
the main drive shaft 17 of the machine. The chains also 
pass about sprocket wheels 37 on a shaft 38 journalled in 
bearings in extensions 39 from the brackets 35 and about 
idler pulleys on shafts 40 journalled in bearings on plates 
41 (Fig. 1) mounted on brackets 35. Plates 4 can be 
adjusted relative to brackets 35 by screws 4 a to keep 
chains 32 taut, and the plates carry rails 42, which back 
up the stretches of the chains between shafts 48 and ex 
tend substantially parallel to a line between the eyes of 
guides 29, 30. 
A second set of pattern elements 43 extending the full 

width of the sheet of yarns are mounted on chains 44 
passing about sprocket wheels 45 on a shaft 46 journalled 
in extensions 47 from brackets 35. The chains 44 are also 
trained about idler pulleys on shafts 48, 49 journalled in 
bearings on brackets 35. The stretches of chains 44 be 
tween the idlers on shafts 48, 49 are backed up by rails 
50, which extend parallel to a line connecting the eyes in 
guides 29, 30. 
The main drive shaft 17 carries a sprocket wheel 51 

connected by a chain 52 to a sprocket wheel 53 on a stud 
54 mounted on a bracket 55 attached to the frame 10 of 
the sewing machine. The stud carries a pinion 56 fast 
to sprocket wheel 53 and meshing with a gear 57 on a 
shaft 58 journalled in bearings in brackets 55 and 35. 
Shaft 58 carries a sprocket wheel 59 connected by a chain 
60 to a sprocket wheel 61 on shaft 38 and shaft 58 also 
carries a gear 62 meshing with a gear 63 on a stud 64 
attached to one of the brackets 35. A sprocket wheel 65 : 
fast to gear 63 on stud 64 is connected by a chain 66 to a 
sprocket wheel 67 on shaft 46. 
The pattern elements 3 and 43 are wires of L-section, 

of which the bases are connected to the outer faces of 
links of chains 32 and 44, respectively. The wires on the 
stretches of the chains backed up by rails 42 and 50 are 
staggered and their free edges are partially intermeshed, 
so that they subject the yarns in the sheet between guides 
29 and 30 to lateral deviation and cause the yarn to as 
sume the form of waves. The length of a yarn extending 
from a wire of the 43 series past a wire of the 31 series 
to the next wire of the 43 series constitutes one feed in 
crement or wave of the yarn and the yarns in the sheet 
between guides 29 and 30 are formed into such a number 
of waves that the wires of the two series grip the yarns 
sufficiently to draw them from their packages and feed 
them to the needles as the chains 32 and 44 are driven. 
For each reciprocation of the needles, the chains advance 
by the distance between adjacent wires thereon, so that 
a feed increment of each yarn equal to the length of a 
wave of the yarn is fed to the needles for each reciproca 
tion thereof. A feed increment of each yarn is thus fed 
to its needle for the formation of a single pile loop. 
The yarns forming successive feed increments are lat 

erally deviated by amounts corresponding to the heights 
of successive pile elements in a longitudinal row in the 
fabric to be produced and the yarns forming transversely 
aligned increments across the pattern sheet are deviated 
by different amounts determined by the pattern. The 
varying lateral deviation of the yarns as described with 
resultant variation in the individual feed increments or 
waves is produced by forming the wires of the 31 or 43 
series or both of varying height throughout their length, 
although ordinarily the wires of the longer series 31 only 
are so formed. A typical pattern wire 31 is shown in Fig. 
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4. 
8 of the drawing as having sections marked a, b, c, d, e, 
etc., which are of uniform width and are engageable with 
individual pile yarns. Each section of a wire may be con 
sidered to be a pattern element and each wire is thus an 
assembly of individual pattern elements lying in a row 
transverse to the direction of feeding movement of the 
yarns. The sections differ in height in accordance with 
the pattern to be produced in the fabric and the length of 
yarn in each wave extending between a pair of wires of 
the 43 series depends on the height of the section of wire 
3i, which engages the yarn between the wires 43. Ac 
cordingly, when the section of the wire 3 in contact with 
the yarn is relatively high like the area a, Fig. 8, the length 
of the yarn in the wave will be long, whereas, if the effec 
tive section is low like area e, the length of the wave will 
be short. The length of yarn required for formation of 
a normal loop by a needle is that in a wave of maximum 
SZC. 

Lengths of the yarns leaving the guide 30 and passing 
through guides 24 and 25 on their way to the needles are 
periodically stored and, for this purpose, the needle bar 
is provided with brackets 63 carrying a deflecting element 
in the form of a bar 69 engageable with the yarns between 
the guides 24 and 25. The deflecting bar 69 is so posi 
tioned relative to the needle bar that, when the needles 
are in their lowermost positions, the bar 69 lies slightly 
spaced from the portions of the yarns lying in a straight 
line between the eyes of guides 24 and 25, or barely 
makes contact with those portions of the yarns. When 
the needle bar rises to retract the needles from the back 
ing sheet, the deflecting bar engages the yarns between 
guides 24 and 25 and deflects them from a straight line 
between the eyes of guides 24, 25. The difference in 
length between a yarn so deflected and a yarn travelling 
in a straight line between guides 24, 25 is a stored supply 
of the yarn. When the needle bar descends to cause the 
needles to penetrate the backing sheet, the deflecting bar 
moves downward with the needle bar to release the stored 
Supplies of the yarns. 

In the operation of the machine, the yarns drawn from 
the Supplies are threaded through the eyes in guide 29 
and between those pattern wires of the two series 31 
and 43, which are in effective position between the rails 
42 and 50. The yarns are then passed through the eyes 
of guides 30 and 24, over the top of the deflecting bar 
69, and then through the eyes of guide 25, after which 
the yarns are threaded through their respective needles 
23. 
The action of the needles and the deflecting bar is il 

lustrated in the diagrams of Fig. 7, of which diagram I 
shows a needle 23, which has penetrated the backing sheet 
12 and is at the bottom of its downstroke. As the needle 
moves down, the deflecting bar 69 moves down with it to 
release the stored supply of yarn previously raised over 
the bar between guides 24 and 25. Also, during each 
needle cycle, the feeding means are operating to feed 
yarn, so that yarn so fed is available to the needle as it 
penetrates the fabric. When the needle completes its 
downstroke, the looper enters the loop of yarn inserted 
by the needle and holds the inserted loop L. momentarily 
as the needle rises. Simultaneously with the retraction of 
the needle, the bar 69 rises to store a second supply of 
the yarn by deflecting it from its straight path between 
guides 24, 25 and, since the bar 69 always rises to the 
same height, the length of yarn in the stored supplies is 
always the same. Accordingly, the net length of yarn 
available for each loop is the length of yarn fed during 
the needle cycle, in which the loop was formed. 
As shown in diagram II, Fig. 7, the length of yarn fed 

during the needle cycle, in which L1 was formed, was 
sufficient to produce a loop of maximum length as deter 
mined wholly by the depth of penetration of the needle 
through the fabric. Accordingly, when the needle was 
retracted after formation of loop L1, yarn was available 
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between the needle and the feeding means for storage of 
a supply without affecting the loop L1. 

Diagrams II and IV, Fig. 7, show the needle rising 
and yarn being stored by the action of bar 69, after inser 
tion of a loop L2. The length of yarn fed during the nee 
dle cycle for this loop was not sufficient for a loop of. 
maximum length and, as a consequence, in the downstroke 
of the needle, part of the yarn required for the loop was 
borrowed from the stored supply released as the needle 
moved down. Then, as the needle started up and the 

was shortened by the difference between the length of the 
yarn fed and that required for a loop of maximum length. 
Loop i 2 was, accordingly, converted to loop L. 

it will be seen from the foregoing that, in the opera 
ticn of the feeding apparatus of the invention when uti 
lized in connection with a tufting machine, the length of 
yarn available to each needle on each downstroke thereof 
is the length of yarn fed during the cycle of needle opera 
tion, in which the downstroke occurs, plus the length of 
yarn, which was taken up to form the stored supply dur 
ing the preceding cycle and is let out during the down 
stroke. After insertion of a loop by the needle, another 
length of the yarn is taken up and stored during the up 
stroke of the needle. As the length of yarn taken up to 
form a stored supply and then let out is always the same, 
it will be apparent that the length of yarn in each com 
pleted loop is the length fed during the cycle of needle 
operation, in which the loop was inserted. When a loop 
of less than maximum height is to be inserted and the 
amount of yarn fed during the cycle of needle operation 
is insufficient to produce a loop of maximum height, the 
needle initially produces a loop of maximum height, but, 
when the yarn is taken up on the upstroke of the needle 
to form the stored supply, yarn is withdrawn from the 
loop and it becomes one of a height corresponding to the 
amount of yarn fed. The formation of a loop of less 
than maximum height thus involves the steps of inserting 
a loop of maximum height and then withdrawing yarn 
from it as a continuous operation. As the yarn is pulled 
from the loop while the needle hole in the fabric is of . 
full size and before it has been closed by the next pene 
tration of the fabric by the needle, the withdrawal of the 
yarn from the loop does not cause puckering of the fabric 
and there is little likelihood that the yarn will be broken, 
even if the length withdrawn contains a knot. The meth 
od and apparatus of the invention thus provide control 
of the height of every loop in the fabric while avoiding 
the possibility of breakage of the yarn withdrawn. 

This application is related to my co-pending application 
Serial No. 445,007, filed July 22, 1954. 

claim: 
1. An apparatus for feeding a plurality of yarns at rates 

varying in accordance with a varying pattern, which com 
prises flexible endless carriers, means for supporting the 
endless carriers with longitudinal stretches thereof lying 
opposed, a set of pattern members secured to each end 
less carrier and extending therefrom in spaced relation, 
the members of at least one set of pattern members dif 
fering from one another in accordance with the pattern, 
the pattern members of the respective endless carriers on 
said stretches intermeshing, means for guiding the yarns 
in side-by-side relation to pass between the opposed 
stretches of the carriers to be bent to wave form by the 
intermeshing pattern members on the stretches, means 
for advancing the carriers so that waves in the yarns suc 
cessively are released at one end of said stretches and 
new increments of yarn simultaneously are pulled be 
tween the pattern members carried by the flexible car 
tiers at the other end of said stretches to be bent to Wave 
form, and means for alternately taking up and letting 
out constant lengths of the yarns including the lengths 
of the yarns in the waves released from between the pat 
tern members on said stretches. 

2. The apparatus of claim 1, in which the means for 
alternately taking up and letting out lengths of the yarn 
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6 
perform a cycle of operations while the carriers advance 
by the distance between a pair of adjacent pattern mem 
bers on one carrier. 

3. The apparatus of claim 1, in which each pattern 
member is continuous and extends entirely across the 
group of yarns. 

4. The apparatus of claim 1, in which the pattern 
members of at least one set differ from one another in 
height along their lengths. 

5. The apparatus of claim 1, in which the pattern 
members are flat wires secured to the carriers to project 
outwardly therefrom. 

6. The apparatus of claim 1, in which the means for 
taking up and letting out lengths of the yarns include 
Spaced guides for the yarns and a reciprocating member 
extending transverse to the yarns between the guides and 
operating alternately to engage and deflect the yarns from 
their direct path from one guide to the other and to re 
lease the yarns. 

7. A method of making a pile fabric which comprises 
advancing a backing sheet, feeding varying lengths of 
yarn toward a storage zone defined by spaced guides 
through which the yarn passes, withdrawing the yarn 
from the storage zone and inserting it through the back 
ing sheet to form a loop of predetermined length, laterally 
deviating the yarn between said guides by a fixed amount, 
the yarn required by the deviation being, in some in 
stances, greater than the length of yarn fed toward the 
Zone, and, in Such instances, drawing, during the devia 
tion, the deficiency from the loop just formed. - 

8. A method of making a pile fabric which comprises 
advancing a backing sheet, withdrawing yarn from a 
storage Zone and inserting it through the backing sheet to 
form a loop, repeating said steps to form the pile fabric, 
feeding increments of yarn of varying lengths from a 
source of supply towards the storage zone, laterally de 
viating the yarn from a direct path between its point of 
entry into and point of withdrawal from the storage zone 
by a fixed amount during each loop forming operation, 
such deviation being into the storage zone and providing 
a supply of yarn therein, utilizing successive increments 
of yarn fed toward the storage zone for successive de 
viations into the storage zone, and drawing such additional 
yarn as is required for a deviation from the loop in 
serted through the backing sheet immediately prior to 
such deviation. 

9. A method of making a pile fabric, which comprises 
carrying out a cycle made up of the steps of advancing a 
backing sheet, feeding from a source of supply a length of 
yarn controlled in accordance with a pattern, taking up 
in a storage zone a fixed length of yarn so fed, and with 
drawing a fixed length of yarn from the storage zone and 
inserting it through the backing sheet to form a loop, 
and repeating the cycle indefinitely to form a fabric, the 
fixed lengths of yarn taken up in the storage zone being 
uniform in successive cycles and the controlled lengths of 
yarn fed in successive cycles varying in length with cer 
tain controlled lengths of yarn being shorter than the 
fixed lengths taken up, the taking up in storage of a fixed 
length of yarn in a cycle, in which the controlled length 
of yarn fed is shorter than said fixed length, causing yarn. 
to be drawn from the loop inserted through the backing 
sheet in that cycle. 

10. The method of claim 9, in which the uniform fixed 
lengths of yarn taken up in the storage Zone in successive 
cycles are at least as long as the longest controlled lengths 
of yarn fed. 

11. The method of claim 9, in which the fixed lengths 
of yarn withdrawn from the storage zone and inserted 
through the backing sheet to form loops are of uniform 
length throughout the cycles. 

12. The method of claim 9, in which the fixed length 
of yarn is taken up in the storage zone by being laterally 
deviated from a direct path between its point of entry into 
and its point of withdrawal from the storage Zone, the 
lateral deviation of the yarn being the same and the 
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fixed lengths of yarn taken up in the storage Zone being 
uniform in successive cycles. 

13. A method of making a pile fabric, which com 
prises carrying out a cycle made up of the steps of ad 
vancing a backing sheet, taking up in a storage Zone a 
fixed length of yarn, Supplying the yarn to be taken up 
in the storage zone by holding and advancing toward 
said Zone a length of yarn drawn from a source of Supply 
with a plurality of successive feed, increments thereof 
laterally deviated by varying amounts corresponding to 
the heights of successive pile elements in a longitudinal 
row in the fabric to be produced, successively releasing 
the leading feed increment of said held length of yarn 
for introduction into the storage zone and simultaneously 
with said release adding another feed increment drawn 
from the source of supply to said held length of yarn 
at the trailing end thereof, withdrawing a fixed length 
of yarn from the storage zone and inserting it through 
the backing sheet to form a loop, and repeating the cycle 
indefinitely to form a fabric, the fixed lengths of yarn 
taken up in the storage Zone being uniform in successive 
cycles, and certain feed increments of the laterally de 
viated length of yarn being shorter than the fixed lengths 
taken up, the taking up in the storage Zone of a fixed 
length of yarn in a cycle, in which the released feed in 
crement is shorter than said fixed length, causing yarn 
to be drawn from the loop inserted through the backing 
sheet in that cycle. 

14. A method of making a pile fabric, which com 
prises carrying out a cycle made up of the steps of ad 
vancing a backing sheet, taking up in a storage zone 
fixed lengths of a plurality of yarns, supplying the yarns 
to be taken up in the storage zone by simultaneously 
holding and advancing toward said zone lengths of the 
yarns drawn from a source of supply with a plurality 
of successive feed increments thereof laterally deviated 
by varying announts corresponding to the heights of 
Successive pile elements in a longitudinal row in the 
fabric to be produced and with transversely-aligned feed 
increments of the yarns deviated by varying amounts 
determined by a pattern, the yarns lying side-by-side 
while held and being advanced toward the storage zone, 
Successively releasing the leading feed increments of said 
held lengths of yarns for introduction into the storage 
Zone, and simultaneously with said release of the leading 
feed increments of the yarns adding another feed incre 
Enent of each yarn drawn from the source of supply to 
said held lengths of yarns at the trailing end thereof, 
and withdrawing fixed lengths of the yarns from the 
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storage Zone and inserting them through the backing 
sheet to form loops, and repeating the cycle indefinitely 
to form a fabric, the fixed lengths of yarns taken up in 
the storage zone being uniform in successive cycles, and 
certain feed increments of the laterally deviated lengths 
of yarn being shorter than the fixed lengths taken up, 
the taking up in the storage Zone of fixed lengths of 
yarns in a cycle, in which the released feed increment 
is shorter than said fixed lengths, causing yarns to be 
drawn from the loops inserted through the backing sheet 
in that cycle. 

15. A method of making a pile fabric, which com 
prises carrying out a cycle made up of the steps of ad 
vancing a backing sheet, taking up in a storage zone fixed 
lengths of a plurality of yarns, supplying the yarns to be 
taken up in the storage Zone by forming a plurality of 
yarns into a sheet with the yarns lying side-by-side, en 
gaging lengths of the yarns in said sheet from opposite 
sides alieng Spaced lines extending transversely of the 
yarns, and bending the engaged lengths of yarns to the 
form of a plurality of waves varying in amplitude both 
with and along the respective yarns, moving the bent 
yarns simultaneously toward the storage zone, successive 
ly releasing the leading waves of all of the yarns simul 
taneously, and simultaneously with the releasing of the 
leading waves of each yarn, engaging a new section of 
each yarn and bending it to wave form, withdrawing 
fixed lengths of the yarns from the storage zone and in 
serting them through the backing sheet to form loops, 
and repeating the cycle indefinitely to form a fabric, the 
fixed lengths of yarns taken up in the storage zone being 
uniform in successive cycles, and the length of certain 
of the yarns in at least Some of the released waves being 
shorter than the fixed lengths taken up in the storage 
Zone, the taking up in the storage zone of a fixed length 
of any yarn in a cycle, in which the length of the released 
Section of Stlch yarn is shorter than said fixed length, 
causing yarn to be drawn from the loop of that yarn 
inserted through the backing sheet in that cycle. 
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