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My invention relates to knitting practice in 
general, and more particularly to the practice 
of knitting elastic and inelastic yarns into a 
fabric. - 

An object of my invention is to control the 
degree of tension on the elastic yarn of a knitted 
fabric produced from the combination of elastic 
and inelastic yarn. 
Another object of my invention is to provide an 

improved method of feeding yarn to a knitting 
machine. 
Other objects and a fuller understanding of 

my invention may be had by referring to the 
following description and claims, taken in con 
junction with the accompanying drawing, in 
which: 

Figure 1 is a diagrammatic view illustrating 
the method of winding inelastic yarn from spools 
of the yarn to the reel; 

Figure 2 is a view Similar to Figure illustrat 
ing the method of Winding the elastic yarn from 
Spools of the elastic yarn upon a reel; 

Figure 3 is a diagrammatic view illustrating 
the method of winding the inelastic yarn from the 
reel to the bearin; 

Figure 4 is a diagrammatic view illustrating 
the method of winding the elastic yarn from the 
reel to the beam; 

Figure 5 is a diagrammatic view illustrating 
the separate feeding of elastic and inelastic yarn 
from individual beams to the knitting machine, 
and the resulting knitted fabric; and 

Figure 6 is a diagrammatic illustration of the 
relationship of face Stitches and cross Stitches 
to produce the double knitted fabric. 

In the production of knitted fabrics for Sweater 
Waistbands, cuffs, and Similar articles, elastic 
Strands and inelastic Strands are knitted together 
to give an elastic characteristic to the fabric. 
When knitting elastic and inelastic strands to 
gether to produce a fabric having a degree of 
resiliency, the elastic strands are generally fed 
to the knitting machine under a tension sufficient 
to Stretch the elastic Strands Somewhat, but not 
to the limit of their elasticity. Thus, the elastic 
Strands tend to hold the knitted fabric closely 
compacted, but the knitted fabric can be stretched 
Somewhat because the elastic strands are not fully 
eXpanded. The degree of compactness of the 
resulting knitted fabric, and the amount which 
it can stretch, is controlled by the amount of 
tension placed upon the elastic strands at the 
time they are fed to the knitting machine. It 
is the feeding and stretching control of the elastic 
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Strands during the knitting process with which 
this present invention is concerned. 
One particular knitted fabric which may be 

made by my inproved method of feeding, is pro 
duced on a knitting machine having guide bars 
and needles which move alternately to one an 
other; that is, the guide bars move between and 
around the needles. Such machines are of vari 
OuS Inakes and are constructed with needle bars 
comprising long bars having a plurality of needles 
at regularly Spaced intervals therealong. These 
knachines are characterized by guide bars which 
carry the thread to the needle bars. The needle 
bars are noved by cams and the guide bars are 
inoved by chains or pattern wheels consisting of . 
links of different heightS which through aSSoci 
ated mechanism controls the movement of the 
guide bars and causes the needles to create loops 
which form the knitted fabric. 
Although various types of knitted fabrics may 

be made on this type of machine, the fabric 
to which I now refer comprises a plurality of 
columns each produced by a Single Strand of yarn. 
Although the needie bars, comprising a front and 
a rear needle bar, have a plurality of knitting 
needles, each Strand of yarn is knitted on only 
one set of these needles. The strand of yarn is 
first directed to a needle on the front needle 
bar and knitted; it is then directed to a second 
needle which is on the back needle bar, and is 
then knitted; the strand is then directed back 
to the first needle on the front bar and is then 
knitted; the yarn is then guided to a third needle 
on the back knitting bar and is again knitted. 
This Series of operations is repeated indefinitely 
to the desired length of the fabric being knitted. 
In other words, the fabric is built up of single 
Strands which are continually looped back and 
forth between two lateral side limits. The strands 
are Sharply looped at the lateral side limits to 
return the Strands to the opposite side. These 
lateral side loops are interwoven in a cross-stitch 
With similar loops of adjacent strands in order 
to bind the plurality of columns into one con 
tinuous fabric. Intermediate the two lateral sides, 
and produced on the second needle on the front 
needle bar, each section of the strand, as it pro 
ceeds from on lateral side limit to the other, is 
interlooped with an adjacent section of the same 
Strand in a straight stitch. 

Referring now to the Figure 5 of the drawing, 
I illustrate diagrammatically one basic stitch of 
the fabric referred to and the two independent 
beams Supplying elastic and inelastic yarns 
thereto. The two needles on the back needle bar 
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are spaced apart a predetermined distance to 
produce a pleasing appearance in the finished 
fabric. The needle on the front needle bar is 
of course spaced a lateral distance from the two 
needles on the back needle bar and is equidistance 
from the two back needles. 
used in producing the basic stitch illustrated in 
the Figure 5 are in a triangular relationship with 
the two needles on the back needle bar constitut 
ing the base of the triangle, and the One needle 
on the front needle bar constituting the apex of 
the triangle. Thus, the needles in sets of triangles 
are actually overlapping as indicated by the air 
rangement of the strands in the diagrammatic 
illustration of Figure 6. 
The sets of three needles, as hereinbefore de 

Scribed, constitute a basic three needles for pro 
ducing the stitch indicated in the Figure 5. This 
set of three needles may be considered as being 
repeated along the needle bars to a distance suf 
ficient to produce the desired width of fabric. 
That is, although the needles on each bar appear 
to be in straight lines of evenly spaced needles, in 
their operation they function in sets of three. 
However, these sets of three are cooperative in 
their functions. That is, the two needles on the 
back part to which the threads are directed are 
also used in the next adjacent strands. For ex 
ample, referring to the three Separate Strands of 
yarn O, and 2 in the Figure 5, as the strand 
0 is directed to the first needle on the back 

needle bar, it produces a column indicated by the 
arrow and the reference character f3. As the 
Strand 0 is then directed to the needle on the 
front needle bar to produce a stitch indicated 
by the arrow and the reference character 4, the 
strand 2 is directed to the needle producing the 
column 3. Thus, the strand 2 and the strand 
0 are knitted as indicated in the column f3. 

The same operation is carried out between the 
strand and the strand 0 and is indicated by 
the arrow and the reference character 5. It is 
to be noted, then, that the columns 3 and 5 
are produced by cross stitching adjacent Strands 
together, whereas the column 4 is produced by 
interlacing adjacent portions of the same strand 
together. The complete fabric consists Simply 
of two of the fundamental stitches thus far de 
scribed intermeshed together. 
In producing the complete fabric, a third needle 

is employed on the back needle bar intermediate 
the needles producing the columns 3 and 5. 
This needle produces the column 6. Also two 
additional needles are employed on the front 
needle bar on either side of the needles produc 
ing the column 4, and these needles produce re 
spectively the columns indicated by the arrow 
and reference character 7 and the column indi 
cated by the arrow and the reference character 
8. Thus the needles and sets of triangles are 

actually overlapping as indicated by the arrange 
ment of the strands in the illustration. This 
complete fabric amounts to two of the funda 
mental Stitches intermeshed together to form a 
complete fabric. The Strands producing the col 
umn 7 is indicated by the reference character 29 
and the strand producing the column 8 is indi 
cated by the reference character 2?. The strands 
20 and 2 are cross stitched to produce the col 
umn 6 in exactly the same manner hereinbe 
fore described to produce the column 3 by CroSS 
stitching the strands 0 and 2, or the column 5 
by cross stitching the strands 0 and fl. 
In this type of fabric, a strand of elastic mate 

rial 22 is directed to one of the needles on the 
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back needle bar forming the cross stitches. That 
is, whereas the strand 0, for example, is directed 
to three different needles including the needles 
forming the column 3 and the needle forming 
the column 5, the elastic strand is guided to one 
of these needles only. For example, the eiastic 
strand 22 is guided to the needle forming the col 
umns of cross stitches 3 and 5. Thus, the elas 
tic strands 22 are chainstitched along with CrOSS 
stitches of the columns 3 and 5. 

Referring again to the diagrammatic Figure 6, 
the relationship of the Various Strands and 
stitches is illustrated as they would appear in an 
end View. The strands are indicated by the ref 
erence characters. 10, and 2, and the refer 
ence characters 20 and 2. The flat portions ad 
jacent the reference characters 4, 7 and 8 on 
the strands 0, 20 and 2, for example, are the 
straight stitch area. The concentric circles ad 
jacent the reference characters 3, 5 and 6 in 
dicate the cross stitches between adjacent Strands, 
and the solid inner dot within alternate concen 
tric circles represents the elastic Strand 22. 

It will be readily apparent from the illustra 
tion, that the elastic strand 22 will draw the 
cross stitches of the columns 3 and 5 tightly to 
gether, but this affect on the stitches of the col 
umn will not materially affect the Stitches of the 
columns 4, 7 or 8 on the face side of the cloth. 
because of the relatively long Strands leading 
between the column on the face Side and those 
on the rear side. Therefore, when completely 
relaxed, the columns f3 and 5 will be closely 
compacted because of the affect on the elastic 
strand 22 but the face column will not be sub 
stantially affected. 
In actual practice, for sweater bands and like 

applications, the elastic material is directed to 
every alternate column on the rear Side of the 
fabric rather than to every column, because the 
desirable elastic condition of the fabric is Sufi 
ciently brought about by applying elastic strands 
only to every cross-stitch column. In other 
words, if the elastic strand 22 were applied to 
every rear column of cross stitches, the fabric 
would be too strong in its elastic characteristics. 
for most uses. 
The character of the fabric, and the Satis 

faction it affords to the user, is determined quite 
largely by the degree of tension applied to the 
elastic strand 22 when the elastic strand 22 is 
interwoven into the fabric. If the tension applied 
to the elastic strand 22 is too great, the amount 
which the fabric will be able to expand without 
breaking the elastic strand is unduly limited. On 
the other hand, if the elastic strand 22 is not 
stretched a sufficient amount as it is interwoven 
in the fabric, the desired elastic nature of the 
fabric will not be accomplished. Further, it is 
extremely desirable that the elastic strand 22 be 
evenly stretched throughout the entire fabric in 
order to avoid spotty effects which produce lump 
ing of the fabric. It is this problem to which the 
present invention is specifically directed. 

Generally, in preparing yarns both elastic and 
inelastic for use with the knitting machine de 
scribed, the yarns are fed from spools 25 and 
wound upon a reel 26. In the Figure 1 of the 
drawing, I illustrate diagrammatically the wind 
ing of the inelastic yarn from the spools 25 to a 
reel 26. In winding inelastic yarn of this nature, 
the yarn may be held tight by any suitable 
method, Such, for example as by looping around 
One or more Snubbing pegs 27 and through a 
guide bar 28 to the reel 26. The reel 26 is power 
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driver arid pulls the strands from the spools, 25. 
Thus, the yarn is tightly wrapped about the 

in the Figure. 2 of the drawing, I illustrate the 
preferred method of Winding the elastic yarn. 
about a reel. 3. In the practice of my invention, 
the elastic strand is placed under tension as it is 
wound about the Feel 3, in order to stretch the 
elastic strands as far as they can be safely 
stretched without approaching too closely to the 
breaking point. This tension may be applied by 
any suitable means either mechanical or manual, 
and is illustrated in the Figure 2 by the Snubbing 
device 29. Thus, the strands may be stretched to 
the desired limit as they are wound about the 
ree 3. It is not absolutely essential that the 
strands be stretched to 100 per cent of their 
elastic limit but they should be stretched reson 
ably close thereto. 
The next step employed in my process is to 

wind the strands of elastic and inelastic yarn 
from the reels as described, to a beam. The 
Figures 3 and 4 of the drawing illustrate, respec 
tively, the winding of a beam for the inelastic and 
elastic strand. In the Figure 3, a beam 30 is 
power driven and pulls the strands from the reel 
26. A force resisting rotation, Such for example 
as a braking device, is applied to the reel 26 and 
therefore the Strands are tightly Wound around 
the beam. 30. 
The Figure 4 as before stated, illustrates the 

winding of the elastic strands from the reel 3 
to a beam 32. The operation of winding the 
elastic. Strands upon a beam is quite. Similar to 
that employed in winding the inelastic strands 
upon the beam 30, but I have found that the 
force resisting rotation which is applied to the 
reel 3 must be sufficiently great to keep the 
elastic strands. tight, and therefore places con 
siderable strain upon the elastic strands. In 
order to release the Strain upon the elastic 
strands, I Wrap a plurality of dummy inelastic 
strands upon the reel 3 as the elastic strands 
are wound thereon. Thereafter, during the 
wrapping of the beam 32 from the reel 3, the 
dummy inelastic strands are wound upon the 
beam 32 also. The inelastic strands therefore 
relieve Some of the strain from the elastic Strands 
and permit a much more rapid beaning opera 
tion than would be possible if the Wrapping were 
done slow enough to carry on the operation with 
out the dummy inelastic strands. These scrap 
inelastic Strands merely fall to the floor from 
the beam 32 as the elastic strands are fed from 
the beam 32 to the knitting machine, and there 
fore do not interfere: with the knitting process. 
However, the use of the inelastic strands is not 
essential and may be disposed of if the wrapping 
of the beam 32 from the reel 3 is carried on with 
3. 
When feeding the strands of inelastic yarn 

from the beam 30 and the strands of elastic yarn 
from the beam 32 to the knitting machine, the 
beams. 30 and 32 are mounted conveniently with 
reference to the needles of the knitting machine 
in order that the strands might be fed from the 
beam to the machine. The rate of rotation of 
the beams 30 and 32 is controlled by a force upon 
the respective beams resisting rotation, such as 
a suitable braking device as indicated diagram 
matically at the reference character 35. The 
beams therefore Supply the strands as required by 
the nachine. The resistance to rotation applied 
to the beam 30 carrying the inelastic strands, is 
just sufficient to keep the strands at the desired 
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6. 
tension and feed a sufficient linear footage of the 
inelastie Strands to the machine as required by 
the knitting rate of the machine. On the other 
hand, the resistance to rotation applied to the 
beam 32 carrying the elastic strands is a pre 
determined amount less. than required to keep 
full tension upon the beam, and therefore the 
beam will allow the elastic strands, as measured 
is their stretched condition, to feed to the knit 
ting machine at a linear rate faster than that re 
quired by the knitting machine. Thus, I have 
provided a means of Supplying the elastic strands 
to the knitting machine under a ratio of tension 
relative to the inelastic strands which may be ac 
curately controlled to provide exactly the degree 
of elasticity desired in the finished fabric. Fue 
ther, if inspection of the knitted fabric as it 
corneS: from the machine reveals that the tension 
should be greater or less upon the elastic yarn, 
the force resisting rotation of the beam carrying 
the elastic yarn may be increased or decreased to 
accurately control the tension of the strand 22. 
For example, when the elastic strand is stretched 
substantially to the elastic limit thereof upon 
the beam 32, if the beam 32 is permitted to rotate 
and feed twice the linear footage of the elastic 
strand. 22, as measured in its stretched condition, 
as normally required to Supply the machine, half 
the tension will be removed from the elastic 
strand 22 in the finished fabric. If the beam is 
permitted to rotate at just a sufficient speed to 
feed the linear footage of the stretched elastic 
strands required to Supply the machine, the 
elastic strands will be stretched to their elastic 
limit in the finished cloth. Thus, a very even, and 
accurate control of the tension of the elastic yarn. 
as it is fed into the knitting machine, is very 
easily provided by my improved method of wind 
ing the elastic and inelastic yarns upon separate 
beams, stretching the elastic strands to the limit 
of their elasticity, upon the beam 32, and there 
after controlling the ratio of feeding speed of the 
beans; 30 and 32 relative to one another. 
My improved method of substantially fully 

stretching the elastic strands upon the beam 32 
provides a positive control over the amount of 
elasticity of the elastic strands in that a positive 
and ascertainable starting point is provided by 
Substantially fully stretching the elastic strards. 
This control may be exemplified by an instance 
wherein the elastic strands are stretched to sub 
Stantially 90 per cent of their elasticity. There 
after, as the beam 32 feeds the knitting machine, 
the elastic strands are allowed to feed at such 
a linear rate that they may contract substantially 
30 per cent of their length, thereby leaving a 60 
per cent stretch in the elastic strands. 
To illustrate further, an elastic strand may be 

placed under a slight tension. The strand will 
pull against the means holding it with a force 
equal to the tension. If the means holding the 
strand will resist only a predetermined force, and 
will then move, then obviously it will be impossible 
to stretch the strand beyond the tension needed 
to produce the predetermined force. On the 
other hand, if the means holding the strand is 
fixed and the strand is stretched, then the strand 
may be stretched to its elastic limit, or in other 
Words a maximum force may be exerted on the 
Strand. Thereafter, if the means holding the 
Strand be released to move with a predetermined 
force, the means will move until the tension of 
the strand is relaxed to that predetermined force. 
The holding means will then cease to move and 
the tension will remain at that predetermined 
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value. Now, therefore, if the elastic strand is 
Wound upon a Spool, or the beam of a knitting 
machine, and the Spool mounted upon a bearing, 
the resistance which the bearing makes to rota 
tion of the Spool Will determine the force required 
to rotate the Spool. That is, if the elastic strand 
is Wrapped upon the Spool in an unstretched con 
dition and the strand pulled from the spool, the 
strand will stretch between the Spool and the 
means producing the stretching force to an 
amount which Will produce a tension equal to the 
force resisting rotation. Therefore, the amount 
that the strand may be stretched may be deter 
mined by controlling the force resisting rotation 
of the Spool. In other Words, the strand is fed 
off of the Spool; changes in linear length by 
stretching to the length sufficient to produce the 
tension necessary to rotate the Spool against the 
resistance to rotation, and is then fed to the 
means producing the force. 
The converse situation follows readily from this 

explanation. That is, if the elastic Strand is 
stretched to a predetermined amount, even to its 
elastic limit, and Wound upon the spool, then the 
strand Will be fed off of the Spool; will change by 
contracting in linear length by elastic action to 
the length. Which Will produce just the tension 
required to rotate the Spool; and Will be fed to the 
means producing the tension. In other words, in 
the example wherein the elastic strand is tightly 
stretched upon the Spool, the strand Will con 
tract and be under a lower tension after leaving 
the Spool. The tension on the Strand after leav 
ing the spool is therefore controlled by the re 
Sistance to rotation placed upon the spool or bean 
holding the elastic Strands. 
the strand is placed upon the beam in an un 
stretched or a stretched condition. 
An alternate method of controlling the degree 

of tension upon the elastic strand 22, I have 
found, comprises the steps of winding the elastic 
strand 22 upon the beam 32 with only sufficient 
tension to hold the elastic strands conveniently 
upon the beam 32. That is, the elastic strands 
are Wound upon the reel 3 from the spool 25 
Very much in the same manner as described in 
connection. With the full stretching method, but 
the amount of tension applied to the elastic 
Strands is only sufficient to keep the elastic strand 
Snug about the reel 3. Thereafter, as the elastic 
Strands are Wrapped from the reel 3 upon the 
beam 32, the degree of tension is again maintained 
to merely hold the elastic strands snug about the 
beam 32. 
In this alternate method of controlling the 

degree of tension upon the elastic strand 22, the 
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relative to the rate of rotation of the beam cars 
rying the inelastic strand. As an example, the 
elastic strands may be stretched substantially 10 
per cent of their ability to stretch as they are 
Wound Snugly upon the beam, and by preventing 
the beam from rotating freely, the elastic strands 
may be stretched, say 50 per cent more. Thus, the 
Strands may be stretched 60 per cent as they are 
knitted into the final fabric. 
Although I have described my invention in its 

preferred form with a certain degree of particu 
larity, it is understood that the present disclosure 
of the preferred form has been made only by way 
of example and that numerous changes in the 
details of construction and the combination and 
arrangement of parts may be resorted to Without 
departing from the spirit and the scope of the in 
vention as hereinafter claimed. 
What is claimed is: y 
1. The process of producing a knitted fabric 

from a combination of elastic and inelastic yarns, 
comprising the steps of winding the inelastic yarn 
upon a first beam, winding the elastic yarn upon 
a Second beam with a degree of stretching, posi 
tioning the wound first and second beams in posi 
tion to unwind the yarns therefrom to a knitting 
machine, pulling the yarn from the first beam by 
operation of the knitting instrumentalities, con 
trolling the removal of the inelastic yarn from 
the first bean by means resisting rotation of the 
first beam with sufficient resistance to keep the 
inelastic yarn to a predetermined degree of taut 
neSS and allow the yarn to unwind at a predeter 
mined rate Substantially equal to the require 
ments of the knitting machine, pulling the yarn. 
from the Second beam by operation of the knit 
ting instrumentalities, said elastic yarn being in 
a stretched condition at least between said knit 
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beam is placed in position relative to the machine 
the same as the beam is placed when the elastic 
Strands are fully stretched. However, the force 
resisting rotation on the beams carrying the elas 
tic strands to the knitting machine is set to permit 
the beam to rotate a slow rate in order that the 
knitting machine is required to stretch the elastic 
Strands as the knitting progresses. That is, the 
linear footage of the elastic strand allowed to feed 
from the beam in this unstretched condition is 
less than that required by the knitting machine. 
Thus, because the knitting machine requires a 
greater linear footage of the elastic strand than 
Supplied from the beam, the elastic strands are 
Stretched and thus are placed under a degree of 
tension. Thus, the ratio of tension between the 
elastic and inelastic strands may be very accu 
rately controlled by controlling the rate of ro 
tation of the beam carrying the inelastic strand 
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ting instrumentalities and said second beam and 
thereby exerting a rotative force on said second 
beam to rotate said second beam and unwind the 
elastic yarn therefrom, and controlling the rate 
of rotation of Said second beam to cause the de 
gree of stretch of the elastic yarn to change be 
tween the second beam and the knitting instru 
mentalities with respect to the degree of stretch 
ing of the elastic yarn on said second beam, 

2. The process of producing a knitted fabric 
from a combination of elastic and inelastic yarn, 
comprising the steps of winding the inelastic yarn 
upon a first beam, winding the elastic yarn upon 
a second beam under a tension substantially ap 
proaching the elastic limit of the elastic yarn, 
positioning the Wound first and second beams in 
position to unwind the yarn-therefrom to a knit 
ting machine, pulling the yarn from the first beam 
by operation of the knitting instrumentalities, 
controlling the removal of the inelastic yarn from 
the first beam by means resisting rotation of the 
first beam with sufficient resistance to keep the 
inelastic yarn to a predetermined degree of taut 
neSS and allow the yarn to unwind at a predeter 
mined rate substantially equal to the require 
ments of the knitting machine, pulling the yarn 
from the Second beam by operation of the knit 
ting instrumentalities, said elastic yarn produc 
ing a pulling force between said knitting instru 
mentalities and said second beam and thereby 
exerting a rotative force on said second beam to 
rotate Said Second beam and unwind the elastic 
yarn therefrom, and controlling the rate of rota 
tion of said second beam to cause the elastic yarn 
to relax between the second beam and the knit 
ting instrumentalities to a degree of tautness less 
than Substantially the elastic limit thereof, 
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3. The process of producing a knitted fabric 
from a combination of elastic and inelastic yarns, 
comprising the steps of winding the inelastic yarn 
upon a first beam, winding the elastic yarn upon 
a second bean with a degree of stretching, posi 
tioning the wound first and second beams in posi 
tion to unwind the yarns therefrom to a knitting 
machine, pulling the yarn from the first beam 
by operation of the knitting instrumentalities, 
controlling the removal of the inelastic yarn from 
the first beam by means resisting rotation of the 
first beam with sufficient resistance to keep the 
inelastic yarn to a predetermined degree of taut 
ness and allow the yarn to unwind at a predeter 
mined rate substantially equal to the require 
ments of the knitting machine, pulling the yarn 
from the Second beam by operation of the knit 
ting instrumentalities, said elastic yarn being 
stretched at least between said knitting instru 
mentalities and said second beam by said pulling 
by the knitting instrumentalities and thereby ex 
erting a rotative force on said second beam to 
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10 
rotate Said second beam and unwind the elastic 
yarn therefrom, and controlling the rate of rota 
tion of Said second beam to control the degree 
of stretch of the elastic yarn between the second 
beam and the knitting instrumentalities. 

ROLAND FRANK WILLIAMI KRUEGER. 
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