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57 ABSTRACT 
A knitted yarn and a method and apparatus for knitting 
the yarn. The yarn comprises two strands formed into 
successive stitches alternately disposed about two nee 
dle axes. Alternate strands form the successive stitches 
along each axis. Each stitch on one axis is drawn 
through a preceding stitch on that axis. As a result, 
each stitch on each strand passes through an adjacent 
stitch formed of the other strand. 

Each stitch in a strand is formed at a single or one of 
two reciprocating latch needles which pull the newly 
formed stitches in each strand through preceding 
stitches in the other strand and cast off the preceding 
stitches. Then the needles extend to accept the next 
stitches formed in the strands. The yarn knitting 
apparatus feeds strands at a controlled rate to service 
bars which reciprocate and oscillate over the needles to 
form the stitches at the needles alternately each time 
the needles reciprocate. 

12 Claims, 12 Drawing Figures 

o 
sagar 
VAWM7 A 

  



3,748,874 PATENTED JUL31 1973 

SHEET OF 8 

7/7 very for 
AoAer A C A/ezard 

ay C2 cluyoncé 2 A.24ace. 
Afforeveys 

TO 
57 OAa Ga 
l/AV/7 A 

  



PATENTED JUL31 1973 3,748,874 

SHEET 2 OF 8 

17 very for 
AoAert C A (ezard 

Attorneys 

  



PATENTED JUL3 1973 3,748,874 

SHEET 3 OF 8 

Inven for 
AoAert C. A/ezard 

ay C-?cow cance 7, c/Central 
Attorneys 

  



PATENTED JUL3 1973 3,748,874 
SHEET . Of 8 

- w 

192 t 7 3 in 
m o 2s 222 to . 42 

- - - f M 
O 

-- Inven for 
9 AoAert C. Alezard 
ey Cucute cance 2 came 

Attorneys 

  

  



PATENTED JUL3 1973 3,748,874 

SHEET S OF 8 

Inven for 
AoAe-A C A/ezara/ 

Ay Carcel cence 77 cAer-nav 
Afforneys 

  



PATENTED JU 31 1973 3,748,874 

SHEET 6 OF 8 

FG, 8 

/50 C 

EE 3th P 

e 

f that s 144 24 

l, 

: In very for 
AoAer C. A/ezard 

l ay C2/cv. Cince 2 caval 
AA formeys 

  

  

    

  

  

  

  

  

  



PATENTEJUt3 1973 3,748,874 

SHEET 7 OF 8 

A -1 very for 
AoAer A C A/ezara/ 

ay Carow cance 2 canna 
Affarneys 

  



PATENTED JUL3 1973 3,748,874 

SHEET 8 OF 8 

OPEN STITCH YARN CLOSED STTCH YARN 
A. NEEDLE REC PROCATION 

: AAAA AAA 
B. UPPER SERVICE BAR OSCILLATION 

FG 11 

Ary wear for 
AoAert C. A/ezard 

ay Cacuu cance 77cAer-70/ 
Afforneys 

  



3,748,874 
1. 

YARN KNITTING MACHINE 

BACKGROUND OF THE INVENTON 

This invention generally relates to textile manufac 
turing and more specifically to a novel yarn, and a 
method and apparatus for manufacturing such a yarn. 

In the following discussion, the phrase "knitted yarn" 
means any product formed in accordance with this in 
vention from a continuous strand comprising a fiber, 
filament or combination of such fibers or filaments. 
Within the meaning of this invention, strands may in 
clude both textile and non-textile materials. 
Yarns manufactured in one conventional textile man 

ufacturing process, known as draw-twisting, comprise 
two or more twisted strands or plies. A positive feed 
mechanism supplies the strands to a drawing area at a 
controlled rate. A traveller on a vertically reciprocal 
ring in the drawing area guides the strands onto a bob 
bin which rotates about a vertical axis. The combined 
motion of the bobbin and ring causes the strands to 
twist into a finished form. Once the bobbin fills, the 
process is interrupted to replace the bobbin. Then the 
twisted yarn on the full bobbin is usually transferred to 
another twisting operation or a final storage cone. 
However, yarns made by twisting have some disad 

vantages. For example, when twisted yarn is cut, it 
tends to unravel and splay. In some situations, the yarn 
must be treated to prevent this condition, thereby com 
plicating the overall manufacturing process. As the fin 
ished yarn is accumulated on a take-up bobbin, which 
has a limited capacity and which performs an integral 
role in the twisting process, the operator must stop the 
draw-twisting machine to replace the bobbin when it 
fills. These interruptions, of course, reduce manufac 
turing efficiency. Further, twisted yarn has an inherent 
internal torque. As a result, it is subject to kinking and 
breaking in subsequent use. In addition, material knit 
ted with such yarn tends to skew because the yarn tends 
to knit on a bias. 

In another manufacturing process, known as braid 
ing, a number of strands are interwoven or braided to 
form yarn. Two sets offeed spools move in opposite di 
rections on two tracks while paying out the strands that 
make up the yarn. Each spool moving in one direction 
passes on alternate sides of the spools moving in the 
other direction. As a result, each strand interweaves 
with all other strands. Braided yarns are not subject to 
the unraveling of twisted yarns. However, they are in 
herently inelastic and, therefore, not used whenever 
some elastically is desired. Moreover, the size and 
weight of the fiber and its supporting elements limit the 
operational speed and size of a braiding machine. If the 
strands were taken directly from storage cones on the 
tracks, the machine would be unacceptably large and 
slow because storage cones generally weight several 
pounds. 
Therefore, the braiding process includes an interme 

diate step of transferring small quantities of this strand 
(e.g., one and one-half ounces) from storage cones to 
the relatively small feed spools which weigh about two 
ounces when they are full. When a spool empties, the 
operator stops the machine and replaces that spool, or 
all spools if appropriate. He usually ties old and new 
strands together if continuous yarn is desired. With 
these interruptions, the average production rate is rela 
tively low. 
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2 
Even with the intermediate step, braiding machines 

produce yarn at an upper limit usually measured in 
inches per minute. Furthermore, this upper limit is de 
creased if the strand size decreases because the strand 
diameter forms a significant portion of the length offin 
ished yarn. 
A given braiding or twisting machine can usually pro 

duce only a narrow range of yarn sizes. Differently 
sized rings must be used to manufacture significantly 
different twisted yarns, but these rings are not readily 
interchanged in a given machine. Similarly, the mecha 
nisms in a braiding machine cannot usually be inter 
changed simply and limit the range of yarn sizes. 
Therefore, it is one object of this invention to provide 

a novel yarn. 
It is another object of this invention to provide a 

novel yarn which does not unravel when it is cut. 
It is yet another object of this invention to provide an 

inherently elastic novel yarn. 
Still another object of this invention is to provide a 

method and apparatus for manufacturing knitted yarn 
at greater rates than those available with braiding ma 
chines. 
Yet another object of this invention is to provide an 

economical method and associated apparatus for man 
ufacturing knitted yarn. 

Still another object of this invention is to provide a 
method and apparatus for substantially continuously 
manufacturing knitted yarn. 
Yet another object of this invention is to provide a 

method and apparatus for knitting a wide range of yarn 
sizes from different strands. 

SUMMARY 

My novel yarn is knitted, and it comprises two 
strands formed into a sequence of open or closed 
stitches. Successive stitches in each strand are alter 
nately disposed along two parallel axes, with successive 
stitches on each axis being alternately formed from the 
two strands. Each stitch is drawn through a preceding 
stitch on the axis to form an interlocked, knitted yarn. 
The stitches are wrapped about two reciprocating 

needles. As each needle retracts, it draws the new stitch 
through the preceding stitch formed in the other strand 
about that needle. With further needle movement, the 
preceding stitches are freed from the needles and 
thereby cast-off over the new stitches. A novel yarn 
knitting machine reciprocates the needles and loops 
the strands around the needles in synchronism. 
This knitted yarn provides a number of important ad 

vantages. The ends do not splay when the knitted yarn 
is cut. Because it is knitted, the internal torque of 
twisted yarns is substantially eliminated. The knitted 
yarn is inherently elastic and, as described later, the de 
gree of elasticity is controllable. Manufacturing rates 
are greatly improved because neither the strand supply 
unit nor the finished yarn take-up is involved in the pro 
cess. This allows the machine to operate substantially 
continuously without requiring any operations equiva 
lent to either the spooling steps in braiding or repeated 
bobbin replacement in draw-twisting. For example, the 
machine continues to knit yarn as new take-up bobbins 
are replaced. 
This invention is pointed out with particularity in the 

appended claims. A more thorough understanding of 
the above and further objects and advantages of this in 
vention may be attained by referring to the following 
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detailed description taken in conjunction with the ac 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. shows a machine for knitting yarn in accor 
dance with this invention; 
FIG. 1A is an enlarged detail view; 
FIG. 2 schematically illustrates one operating se 

quence for forming knitted yarn; 
FIG. 3 depicts the knitted yarn formed by the se 

quence shown in FIG. 2; 
FIG. 4 schematically illustrates another operating se 

quence for forming knitted yarn; 
FIG. 5 depicts the knitted yarn formed by the se 

quence shown in FIG. 4; 
F.G. 6 is a front view of the knitting machine shown 

in FIG. 1, partially broken away; 
FIG. 7 is a side elevation; 
FIG. 8 is a cross-sectional view taken along lines 8-8 

in FIG. 6; 
FIG. 9 is a view from line 9-9 in FIG. 6; 
FIG. 10 is a perspective view of a needle lever used 

in the knitting machine; and 
FIG. 11 is a machine timing diagram. 

DESCRIPTION OF AN LLUSTRATIVE 
EMBODMENT 

A. General Discussion 
In accordance with my invention, a yarn knitting ma 

chine 10, shown in FIG. 1, transforms two strands from 
a supply location 12 into knitted yarn which is stored 
at a yarn storage location 14. Generally, storage cones 
16 and 18 store the strands at the storage location 12. 
A strand feeding mechanism 20 draws strands 24 and 
26 from the cones 16 and 18 through a conventional 
tensioning mechanism 22 for delivery to the knitting 
machine 10. 
The feeding mechanism 20 supplies the strands 24 

and 26 to service bars 28 and 30, respectively, which 
deposit the strands around vertical latch needles 32 and 
34 as stitches. Each service bar simultaneously oscil 
lates about, and reciprocates along, a horizontal sup 
port axis to perform this function as described later. 
The two latch needles 32 and 34 reciprocate simulta 

neously along vertical needle axes in a supporting nee 
dle sider block 36 below the service bars 28 and 30. 
The needle 32 includes a pivoted latch 38; the needle 
34, a pivoted latch 40. Each time the needles recipro 
cate, they draw new stitches through preceding stitches 
disposed around needle stems 42 and 44, to form fin 
ished yarn 46. 
The finished yarn 46 passes through a tensioning unit 

48 and take-up drive assembly 50 driven by the knitting 
machine 10. At this point, the knitted yarn is com 
pleted and no further processing is necessary. 
B. Yarn Structure and Method 
FIG. 2 illustrates the sequence for forming a circular 

yarn shown in FIG. 3. In FIG. 2A, the latch needles 32 
and 34 are fully elevated and the latches 38 and 40 are 
open. Previously knitted stitches 52 and 54 lie around 
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respectively. 
The service bars (28 and 30 in FIG. 1) form two open 

stitches 56 and 58 around the needles as the service 
bars move the strands in the directions indicated by the 
arrows on the individual strands 24 and 26 again. As a 
result, the strand 24 extends from the yarn 46 rear 
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4 
wardly behind the needle 32, and then to the front to 
form an open stitch 56. In this arrangement, the strand 
24 does not cross by itself between the needles. The 
strand 26 forms a stitch 58 around the needle 34 in a 
similar manner. 
As the needles 32 and 34 retract downwardly in the 

needle slider block 36, the latches 38 and 40 close and 
positively capture the stitches 56 and 58 in eyes defined 
by the latches 38 and 40 and respective needle hooks 
60 and 62. In FIG. 2B, the closed needles 32 and 34 are 
about to draw the stitches 56 and 58 through the previ 
ously formed stitches 52 and 54 which are cast-off as 
shown in FIG. 2C as the needles complete their down 
ward movement. As the stitches are cast-off, they form 
a portion of the finished yarn 46. The tension on the 
finished yarn 46 produced either by its own weight or 
by the take-up tensioning unit (48 in FIG. 1) which as 
sures that stitches which are cast-off clear the needles 
32 and 34. 
Now the needles 32 and 34 elevate again and pull the 

new stitches 56 and 58 with them past the old stitches 
52 and 54. Initially, the latches remain closed and the 
upward needle movement extends the stitches 56 and 
58 and tends to tighten strands and reduce the size of 
the previous stitches 52 and 54. The final stitch size de 
pends upon the strand increment which is fed to the 
service bars each time the needles reciprocate in rela 
tion to the tension on the finished yarn 46. 
As the latches 38 and 40 clear the slider block 36, the 

stitches 56 and 58 open them and slip down the needle 
stems 42 and 44 as shown in FIG. 2D. During this por 
tion of the operating cycle, the service bars 28 and 30 
shown in FIG. 1 start forming another pair of stitches 
around alternate needles as shown in FIG.2D. That is, 
the service bar 28 deposits the strand 24 in a stitch 64 
around the needle 34 while the service bar 30 deposits 
the strand 26 in a stitch 66 around the needle 32 simul 
taneously. Hence, each service bar forms a sequence of 
stitches in its respective strand and deposits these 
stitches alternately around one or the other of the nee 
dies and their respective axes. For example, the service 
bar 28 forms a sequence of stitches 54, 56 and 64 in the 
strand 24 and deposits them alternately around the 
needles 32 and 34. Further, each pair of stitches, such 
as stitches S4 and 56 circumscribe both needles and 
their axes to form the open stitches. 
The resulting yarn 46, shown in FIG. 3, therefore 

comprises two strands 24 and 26. Strand 24 includes 
stitches 54, 56 and 64 in sequence, while the strand 26 
includes corresponding stitches 52, 58 and 66. A given 
stitch in one strand, such as the stitch 56, passes 
through a stitch 52 in the other strand 26 which pre 
cedes a stitch 58 corresponding to the given stitch 56. 
The resulting yarn comprises two strands which form 
interlocked chains with each strand forming alternate 
links or stitches in each chain and corresponding links 
in each chain being formed of different strands. 
As the yarns in FIGS. 3 and 5 have many common ad 

vantages, the operating sequence in FIG. 4 for produc 
ing the knitted yarn with closed stitches is described be 
fore discussing these advantages. The machine in FIG. 
1 can be modified so the service bars 28 and 30 deposit 
the strands as closed loops or bights around each nee 
dile to form closed stitches. With these stitches, the 
knitting machine produces a rectangular knitted yarn 
shown in FIG. 5 in accordance with the sequence of 
FG, 4. 
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Referring specifically to FIG. 4A and using a prime 
to indicate elements which are modified with respect to 
FIG. 2, the needles 32 and 34 are fully elevated and the 
latches 38 and 40 are open. Previously knitted stitches 
52 and 54' lie around the needle stems 42 and 44 
below the latches 38 and 40, respectively. The service 
arms (28 and 30 in FIG. 1) deposit two closed stitches 
56' and 58' around the needles as the arms move in the 
directions indicated by the arrows on the individual 
strands. As a result, the strand 24 extends from the 
yarn 46' rearwardly behind the needle 32 and then to 
the front to cross itself and completely encircles the 
needle 32 as a closed stitch 56'. The strand 26' forms 
the closed stitch 58' in a similar manner. 
As the needles 32 and 34 retract downwardly in the 

needle slider block 36, the latches 38 and 40 close and 
positively capture the stitches 56' and 58. In FIG. 4B, 
the closed needles 32 and 34 are about to draw the 
closed stitches 56" and 58' through the previously 
formed stitches 52' and 54' which are cast-off as 
shown in FIG. 4C as the needles complete their down 
ward movement as previously described. 
Now the needles 32 and 34 elevate again pulling the 

new stitches 56" and 58' with them past the old stitches 
52 and 54 with the same results as occur in the se 
quence of FIG. 2. In the meanwhile, the service arm 28 
reciprocates and oscillates to deposit the strand 24' 
completely around the needle 34 as a closed stitch 64". 
Simultaneously, the service arm 30 forms the strand 
26' into a closed stitch 66" about the needle 32. Hence, 
as the needles 32 and 34 retract again, they pull the 
stitches 64 and 66' through the stitches 58' and 56', 
respectively. 
The resulting yarn is shown in FIG. 5. The strand 26 

is formed into closed stitches S2’ and 58' and 66' while 
the strand 24' is formed into closed stitches 54, 56' 
and 64". As was true in the yarn shown in FIG. 3, a 
given stitch 58' formed in one strand 26' is drawn 
through a stitch 54 preceding a stitch 56' in the other 
strand 24' which corresponds to the given stitch 58'. 

Structurally, the yarns in FIGS. 3 and 5 differ be 
cause the individual strands circumscribe each needle 
during the sequence of FIG. 4 whereas each successive 
pair of stitches circumscribe both needles in sequence 
of FIG. 2. This variation alters the overall yarn configu 
ration. The yarn formed with open stitches has a sub 
stantially circular cross-section; the yarn formed with 
closed stitches in FIG. 5 has a rectangular cross 
section. Furthermore, the stitches in FIG. 3 tend to be 
more densely packed than the loops in FIG. 5. 
Both yarns remain intact when they are cut and elimi 

nate the prior unravelling because the stitches are in 
terlocked. Both yarns are inherently elastic, and the de 
gree of elasticity is easily variable by altering the feed 
rate. If the feed rate increases the incremental length 
of the strand fed to the needles each time the needles 
reciprocate, the resulting yarn has more elasticity. An 
increased relative feed rate also produces a bulkier 
yarn. The resulting yarn also has a certain texture. This 
texture is produced by the mechanical orientation of 
the strands and cannot be altered because the strands 
are interlocked. A selection between the yarns for an 
application depends upon several factors. Aesthetic 
characteristics may be paramount in some circum 
stances. The inherent frictional characteristics of the 
yarn may be important. In this regard, the circular yarn 
seems to produce less sliding friction than the rectangu 
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6 
lar yarn. The previously described differences institch 
density or the increased surface area of the rectangular 
knitted yarn may be important in still other applica 
tions. 
The resulting yarns in FIGS. 3 and 5 are both formed 

of strands which may be twisted or braided yarns of the 
prior art. However, the cones 16 and 18 in FIG. 1 may 
also contain yarn manufactured in accordance with my 
invention. When knitted yarn is manufactured in this 
manner, its relative bulk is increased further. Further, 
one or both service arms may feed several distinct 
strands to the needles simultaneously. 
C. The Yarn Knitting Machine 
Both yarns in FIGS. 3 and 5 can be manufactured on 

the knitting apparatus shown in FIGS. 1 and 6-10. This 
specific knitting machine embodiment is readily 
adapted to knit two yarns simultaneously. As the ele 
ments for knitting each yarn are substantially identical, 
the emphasis in the following discussion is directed to 
ward an understanding of knitting yarn 46 produced on 
one side of the machine. 
The yarn knitting machine is disposed in a housing 

100 including a horizontal support 102. A drive motor 
104 mounted on the support A02 rotates a cam shaft 
106 through a conventional belt and pulley system 107. 
The motor also drives an input shaft 108 for a torque 
converter 110 through another belt and pulley system 
112 driven by the camshaft 106. The torque converter 
110 controls the speed of an output shaft ill4. Such 
torque converters are well known in the art, one exam 
ple being a Zero-Max torque converter manufactured 
by the Zero-Max Co., Minneapolis, Minn. A secondary 
horizontal support 116 spaced above the support 102 
carries the torque converter 110 so the output shaft 
114 and the yarn feeding mechanism 20 are aligned. A 
third belt and pulley system 18 links the output shaft 
114 and the feeding mechanism 20. 
As the yarn knitting machine shown in these FIGS. 6 

and 7 can manufacture two yarns simultaneously, the 
feeding mechanism 20 comprises two feeding units. A 
feeding unit 120 supplies strands to the service bars 28 
and 30 while another feeding unit 122 supplies strands 
to service bars 24 and 126 used in knitting the other 
yarn. In this specific embodiment, the third belt and 
pulley system 118 links both feeding units 120 and 122 
so identical feed rates exist. 
With specific reference to the feeding unit 120, an 

idler feed roller 128 and a driving feed roller 130, both 
of constant diameters, are mounted in parallel on a ver 
tical support plate 131. The driving feed roller 130 ro 
tates with a shaft 132 driven by the belt and pulley ar 
rangement 118 while another belt 133 couples the 
roller 128 and spindle E30. The strands are normally 
wrapped about the periphery of both the feed rollers 
128 and 130 several times before being fed to the ser 
vice bars 28 and 30. As the motor 104 drives the re 
maining elements in the knitting machine including the 
service bars 28 and 30 and the needles 32 and 34 at 
constant rates, varying the angular velocity of the out 
put shaft 114 alters the rate at which the feeding unit 
120 continuously supplies strands to the service bars 
each time the needles 32 and 34 reciprocate to thereby 
vary its bulk and elasticity. 
The knitting machine may also comprise other types 

offeeding units. For example, the feeding unit 120 may 
include a second set of feed rollers analogous to the 
feed rollers 128 and 130 so the feeding unit 120 



3,748,874 
7 

supplies strands to the service bars separately. Varia 
tions in the relative feed rates can be made by inter 
changing driving rollers of different diameters. Still 
other types of apparatus may be used to feed strands to 
the knitting machine at a controlled rate. 
Guides for the strands may be interposed between 

the feeding unit 120 and the service arms 28 and 30. 
Such guides are known in the art and are not shown. 
As previously indicated, the service bars 28 and 30 

oscillate about and reciprocate along horizontal axes 
simultaneously to form stitches. Both service bars are 
driven by the motor 104 through a series of cams and 
levers. (FIGS. 6 and 8) 
The cam shaft 106 supports two spaced eccentric 

cams 134 and 136 and a pinion 138 for driving an idler 
gear 140 mounted on a second camshaft 142 at twice 
the speed of the cam shaft 106. The shaft 142, which 
is vertically aligned under the cam shaft 106, carries 
another pair of spaced, eccentric cams 144 and 146. 
Spacers, such as the spacer 147 located directly below 
the cam 136 separate the cams so each is horizontally 
offset from the others. Each cam drives a lever 
mounted on a pivot shaft 148 parallel to and vertically 
aligned over the cam shafts 106 and 142. These levers 
are designated as a service bar lever 150, needle lever 
152, throw-bar lever 154 and needle lever 156. 
The service bars 28 and 124 are mounted on a lower 

throw bar 158 which rides in bushings 159 and 160 lo 
cated in opposite sidewalls of the housing 100. The ser 
vice bar 28 comprises an arm 161 which is rigidly af 
fixed to the end of the lower throw bar 158. A horizon 
tally offset cylindrical guide 162 at the lower end of the 
arm 161 carries the strand 24 as shown in FIG. 2. 
An upper throw bar 164 rides in bushings 165 and 

166 in the opposite sidewalls of the housing 100 and is 
vertically aligned over and parallel with the lower 
throw bar 158. This upper throw bar 164 supports the 
service bars 30 and 126 at opposite ends thereof. The 
service bar 30 comprises an arm 167 which is rigidly 
affixed to the end of the upper throw bar 164. An offset 
cylindrical guide 168 at the lower end of the arm 167 
carries the strand 26 shown in FIG. 2. 
The throw-bar lever 154 reciprocates the throw bars 

158 and 164 along their respective horizontal axes si 
multaneously under the influence of the cam 136. A 
pair of bifurcated fingers 169 and 170 formed on the 
throw-bar lever 154 support shoes 171 which tangen 
tially engages the cam 136 at diametrically opposed 
portions. As the cam 136 rotates, it oscillates the 
throw-bar lever 154 about the pivot shaft 148. An inte 
gral upper arm 172 on the throw-bar lever 154 engages 
a yoke 174 with parallel upper and lower journals 176 
and 178 for engaging the throw bars 158 and 164, re 
spectively. Snap rings 180 in circumferential grooves in 
each throw bar capture and center the yoke 174 on 
both throw bars. As a result, the throw bars 158 and 
164 can oscillate about their axes in the yoke 174. 
However, when the yoke 174 is displaced horizontally, 
it carries both throw bars 158 and 164. 
A pair of offset arms 182 and 184 couple the throw 

bar lever arm 172 and the yoke 174. A transverse pin 
186 through the yoke 174 between the throw bars 158 
and 164, bushings 188 formed on the arms 182 and 184 
and snap rings 190 provide a conventional pivotal con 
nection between the arms 182 and 184 and the yoke 
174. Therefore, as the throw-bar lever 154 oscillates 
about the pivot shaft 148, it reciprocates the throw bars 
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8 
158 and 164 and the four attached service bars simulta 
neously. 
Although the service bars 28 and 30 move simulta 

neously with the service bars 124 and 126, their motion 
relative the needle slider block 36 is out of phase with 
the motion of the service bars 124 and 126 relative to 
an associated needle slider block 192. This produces 
some relative timing differences which are more specif 
ically described later with reference to FIG. 11. 
The concurrent oscillating motion for the service 

bars is provided by the cam 134, the service bar lever 
150 and associated linkage. Shoes 200 supported by bi 
furcated arms 202 and 204 on the lever 150 tangen 
tially engages the cam 134 so the lever 150 oscillates 
about the pivot shaft 148. The service bar lever 150 
also comprises horizontally and oppositely extending 
arms 206 and 208 on a line through the pivot shaft 148. 
Each arm engages a linking mechanism which oscillates 
the throw bars 158 and 146 about their axes. 

Specifically, a fixed link 210 is pivotally connected to 
the arm 206 by a pin 212 and to a crank 213 by another 
pin 214. The crank 213, in turn, is affixed to rotate the 
throw-bar lever 164 about its axis but not to interfere 
with any axial motion. Such connections are known. A 
similar link 216 connects a crank 218 on the throw-bar 
lever 158 to the arm 208. 
As the cam 134 rotates and elevates the arm 206, the 

link 210 and the crank 213 rotate the throw bar 164 
clockwise when viewed from the service bars 28 and 
30. Simultaneously, the arm 208 lowers and rotates the 
throw bar 158 counterclockwise. 

In this configuration, with the cams 134 and 136 both 
mounted on the can shaft 106, the throw bars and ser 
vice bars oscillate and reciprocate at the same rate. 
Therefore, the service bars move substantially circu 
larly and produce the closed stitches in the yarn shown 
in FIG. 3. 
The remaining cams 144 and 146 reciprocate the 

needles with the separate, but identical, needle levers 
152 and 154 oppositely mounted on the pivot shaft 
148. The needle lever 152 comprises a horizontally ex 
tending arm 220 while the lever 154 by virtue of its re 
versed position, comprises an oppositely extending arm 
222 when both levers are mounted on the pivot shaft 
148. 
With specific reference to the mechanism for recip 

rocating the needles 32 and 34, the arm 220 extends 
through an opening 224 in the housing sidewall to 
emerge beside the needle slider block 36. An offset arm 
225 (FIG. 10) on the arm 220 emerges from the hous 
ing on the other side of the needle slider block 36. Each 
arm supports a bushing 228 in an aperture 230, the 
bushings engaging the latch needles 32 and 34. 
The needle slider block 36 (FIG. 7) comprises a body 

portion 232 and two spaced, vertical ways 238 and 236 
for supporting the stems 42 and 44 on the needles 32 
and 34. The stems 42 and 44 terminate at elbows 239 
and 240, respectively, which are individually supported 
by the bushings 228. 
The needle lever 152 also comprises shoes 241 which 

tangentially engage the cam 144 to oscillate the needle 
lever 152 in response to cam rotation. As the bushings 
228 pivotally support the needles 32 and 34, the oscil 
latory motion of the arms 220 and 222 is translated into 
a reciprocal needle motion as the needles slide in their 
respective ways. Furthermore, as the cams are 
mounted on the camshaft 106, the needles reciprocate 
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at a rate which is twice the oscillating rate for the throw 
bars 158 and 164. 
The knitting apparatus is easily adapted to knit the 

yarn shown in FIG. 5. The operator merely inter 
changes the cam 136 and the spacer 147 and moves the 
shoe 171 to a lower position. With this modification, 
the cam 136 rotates at twice the rate of the cam 34. 
As a result, the throw bars 158 and 164 reciprocate at 
twice the rate of oscillation, and the service bars wrap 
their respective strands in a "FIGURE-8" as closed 
stitches about each needle. 
A still more thorough understanding of the operation 

of the knitting machine shown in FIGS. 1 and 6-10 may 
be obtained by referring to FIG. 11 which shows the 
cam timing diagrams and the relative orientation of 
each cam at a given instant in time. This FIGURE is 
limited primarily to the operation of the needles 32 and 
34. 
As shown in FIG. 11A, the cam 144 drives the needle 

lever 152 starting at a mid-point with the positive going 
trace of the resulting curves indicating upward dis 
placement of the needles. Both the needles reciprocate 
sinusoidally about the mid-point with respect to time at 
a constant rate for both the open and closed stitch 
yarns. 
FIG. 11B represents the oscillation of the upper 

throw-bar 164 and service bar 30 with reference to 
central position with clockwise rotation or displace 
ment being represented by the positive-going traces. As 
the cam 34 is mounted on the upper cam shaft 106, 
a complete oscillation occurs each time the needles re 
ciprocate twice. Furthermore, as shown by FIG. 11C, 
the lower throw bar 158 oscillates at the same rate at 
the upper throw bar, but in an opposite direction. As 
a result, the cylindrical guides 162 and 168 on the ser 
vice bars 28 and 30 are centered at the same time. 
Thereafter, they displace in opposite directions to 
reach opposite limits simultaneously and then return to 
a central position. Then, they travel to the other limits 
and before returning to the central position. 
The oscillating rates for both open and closed stitch 

yarns is the same. Furthermore, as can be seen by com 
paring FIGS. 11A, 11B and 11C, the needles and the 
upper and lower throw bars are all at a central position 
or reference position simultaneously. 
With reference to FIG. 11D, the open stitch yarn is 

obtained when the cam 36 is mounted on the can 
shaft 106 with reciprocation to the right being repre 
sented by positive-going traces of the timing diagram. 
With the cam 136 on the upper cam shaft 106, the 
throw bars reciprocate at the same rate that they oscil 
late to form the open stitches. However, when the cam 
136 is transferred to the camshaft 142, the reciprocat 
ing rate doubles to produce a complete horizontal re 
ciprocation for each half of an oscillating cycle and 
form closed stitches around the individual needles. 
Also noted by comparing the various timing diagrams 
that the needles and throw bars have a common time 
at which they pass through a central reference position. 
A dotted line in FIG. 11D represent the components 

of bar motion for bars 172 and 126 as viewed from the 
left of the bars and using the housing as a reference for 
reciprocal motion. As both components are reversed, 
the net motion is identical because the needle displace 
ments on both sides of the knitting machine are identi 
cal. 
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As the yarn is knitted in accordance with the se 

quences shown in FIGS. 2 and 4, it drops downwardly 
to accumulate below the support plate 102 as shown in 
FIGS. 1 and 9. A roller guide 250 pivoted on an arm 
252 directs the yarn 46 to a feed roller 254. A roller 
256 on an arm 258 pivoted below the axis of rotation 
for the drum 254 guides the yarn and holds it against 
the surface of the drum 254. After the yarn 46 leaves 
the drum, it accumulates in a final storage unit 14 
which may comprise a shipping cone or other storage 
device. 
The plate 102 supports the drum 254 and the arms 

252 and 258 below the upper plate 116. A variable 
speed reduction unit 260, similar to the torque con 
verter 110 and coupled to the motor i04, drives the 
drum 254. A belt-and-pulley arrangement 262 couples 
the reduction unit 260 and the motor 104 to thereby 
provide some additional control over the tension on the 
finished yarn as it is knitted. 

In summary, my invention is directed to three related 
aspects of yarn manufacture. My knitted yarn, by virtue 
of its construction, does not unravel when it is cut. 
Therefore, no special processing is necessary. The yarn 
has no inherent torque so it is less susceptible to kink 
ing and breaking during subsequent use and, when knit 
ted into a material, forms straighter rows. Further, the 
yarn is inherently elastic and the degree of elasticity is 
easily varied. Finally, the resulting yarn has relatively 
more bulk than yarns prepared by twisting or braiding. 
With regard to manufacturing, my method of knitting 

yarn incorporates two advantages of twisting and braid 
ing methods. That is, my method allows large quantities 
of yarn to be taken from a supply section as is possible 
with twisting methods and produces a continuous fin 
ished yarn as provided by braiding methods. However, 
it overcomes the knotting and extra handling of twisted 
yarn required because twisting machines have a limited 
take-up capability. In addition, the constant process in 
terruptions required for replacing spools in braiding 
machines are eliminated. 
Both the knitting method and apparatus are very flex 

ible. A given apparatus can produce a wide range of 
yarn sizes with a wide range of strands with only minor 
modification to the apparatus. Both the method and ap 
paratus enable increased production rates which are 
not significantly affected by changing the strand diame 
ter. This fact, coupled with the fact that process inter 
ruptions are minimized, greatly increases machine pro 
duction efficiency. 
While I have described a specific embodiment of a 

knitted yarn and method and apparatus for manufac 
turing the yarn, many variations are possible. For ex 
ample, I have found that one latch needle can be re 
moved from the yarn knitting machine. Then the ma 
chine produces a flattened yarn. Although the service 
arms tend to form stitches simultaneously, one stitch is 
never formed around the missing needle. As a result, 
the stitches are formed around the one needle axis with 
successive stitches being formed alternately by the 
strands. Each stitch is also drawn through a preceding 
stitch in the axis. 

Still other variations are possible. The strand feeding 
unit may feed each strand at different rates to the dif 
ferent service bars. In some applications, it may be de 
sirable to continuously vary the feed rates during man 
ufacture in a controlled manner. As previously indi 
cated, a strand may comprise one or more knitted 
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yarns, fibers, non-textile filaments or other combina 
tion of these elements. 
The illustrated method of manufacturing the knitted 

yarn and apparatus describe simultaneous motion of 
the service bars and needles so stitches are being 
formed, drawn through other loops and cast-off simul 
taneously. It is also possible to separate the operations 
so that a stitch forms completely before any action to 
draw the stitch is taken. Different apparatus might also 
be used to perform the operations described above or 
in the specific embodiment. Therefore, it is the object 
of the appended claims to cover all such variations and 
modifications as come within the true spirit and scope 
of this invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. A machine for knitting yarn from two strands com 

prising 
A. support means, 
B. a drive unit on said support means, 
C. a latch needle means mounted on said support 
means for reciprocation along a vertical axis, 

D. first means for connecting said drive unit and said 
latch needle means for reciprocating said latch 
needle means simultaneously, 

E. arms for wrapping each strand into stitches about 
the needle means, and 

F. second means for connecting said drive unit and 
said arms and simultaneously reciprocating and os 
cillating said arms with reference to horizontal axes 30 
above said needle means to form stitches in each 
strand about said needle means during each recip 
rocation. 

2. A machine as recited in claim 1 wherein said latch 
needle means comprises first and second parallel stitch 
needles coupled to said second connecting means, said 
arms forming each successive stitch alternately around 
said first and second latch needles. 

3. A machine as recited in claim 2 wherein said sec 
ond connecting means oscillates and reciprocates said 40 
arms at the same cyclic rate. 

4. A machine as recited in claim 2 wherein said sec 
ond connecting means reciprocates said arms at a cy 
clic rate which is twice the oscillating rate. 

5. A machine as recited in claim 2 additionally com 
prising a unit for feeding strands to said arms in propor 
tion to the cyclic rates of said arms and needles. 

6. A machine as recited in claim 5 wherein said feed 
ing unit comprises means for feeding the strands to the 
arms individually and independently. 

7. A machine as recited in claim 5 wherein 
A. said drive unit comprises 

1. a motor, 
2. a first cam shaft driven by said motor at a first 
angular velocity, and 

3. a second cam shaft coupled to said motor to be 
driven at a second angular velocity which is twice 
the first angular velocity, 

B. said first connecting means comprises a first lever 
means pivoted on said support and engaging said 
second camshaft and said latch needles to recipro 
cate said latch needles at a first cyclic rate, and 

C. said second connecting means comprises 
1. horizontally disposed arm support members 
mounted to said support for axial and rotatable 

12 
motion with respect to longitudinal axes there 
through, each arm being connected to depend 
from an end of said support members, 

2. a second lever means coupling one of said cam 
5 shafts and said arm support members for recipro 

cating said arm support members simultaneously, 
3. third lever means pivoted on said support means 

additionally engaging said first cam shaft and 
having first and second oppositely extending con 
nector portions, and 

4. first and second links pivoted to said first and 
second connector portions and individually to 
each of said arm support members for oscillating 
said individual arm support members in opposite 
directions and at a cyclic rate which is half the 
cyclic rate of said latch needles. 

8. A machine as recited in claim 7 wherein said sec 
ond lever means comprises 
A. a lever pivoted on said support means and engag 

i0 
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20 ing said first cam shaft, and 
B. a connector for supporting said arm support mem 
bers for rotation with respect thereto but axially af 
fixed thereto, said connector being pivotally con 

25 nected to said lever to thereby reciprocate said arm 
support means and said connected arms at a cyclic 
rate which is half the cyclic rate of the latch nee 
dles. 

9. A machine as recited in claim 7 wherein said sec 
ond lever means comprises 
A. a lever pivoted on said support means and engag 
ing said second cam shaft, and 

B. a connector for supporting said arm support mem 
bers for rotation with respect thereto but axially af 
fixed thereto, said connector being pivotally con 
nected to said lever to thereby reciprocate said arm 
support means and said connected arms at a cyclic 
rate which equals the cyclic rate of the latch nee 
dles. 

10. A machine as recited in claim 7 adapted for knit 
ting two yarns from four strands comprising 
A. a second pair of latch needles mounted on said 
support for reciprocation along a vertical axis, 

B. third and fourth arms for wrapping each of the 
third and fourth strands into stitches about said 
second needle axis, said arms being connected to 
the opposite ends of said arm support members 
from said first and second arms to be driven there 
with, 

C. said needle drive unit comprising a fourth lever 
means pivoted with respect to said support and en 
gaging said second camshaft and said latch needles 
to reciprocate said second latch needles at the first 
cyclic rate, said first and fourth lever means recip 
rocating said first and second latch needles simulta 
neously. 

11. A machine as recited in claim 10, additionally 
comprising a second unit for feeding strands to said 
third and fourth arms in proportion to the cyclic rates 

60 of said arms and needles independently of the strands 
fed by said first strand feeding unit. 

12. A machine as recited in claim 11 wherein one 
feeding unit comprises means for feeding the strands to 
the arms individually and independently. 
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