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RETHIC AND MEANS FOR CRCJELAR 

AJLST-FEEE KNSTING 
iÉernai R. Erasoi, Saow Caiap, N.C., assiger to 
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Fied Aug. 14, 957, Ser. No. 678,204 

6. Caixas. (C. 66-42) 

This invention relates generally to circular knitting ma 
chines adapted to knit tubular fabric, such as ladies' 
seamless hosiery, adapted to knit a single course with 
each rotation of the needle cylinder in some portions of 
the hose and to knit two or more courses with each ro 
tation of the needle cylinder in other portions of the 
hosiery. 

Heretofore, knitting machines have been provided with 
removable auxiliary knitting stations in addition to the 
main feeding station for knitting multiple courses with 
each rotation of the needle cylinder. In this type of 
machine, portions of the stocking, such as the welt, heel 
and toe, have been knit single feed at the main feeding 
station only, and the auxiliary knitting station introduced 
during the knitting of the leg and foot to knit these por 
tions two courses with each rotation of the needle cylin 
der. The use of both knitting stations during the leg and 
foot portions of the stocking greatly increases the pro 
duction of the knitting machine. Difficulties in the form 
of openings, eyelets or "cat-eyes' have been experienced 
when introducing and removing the auxiliary knitting sta 
tion. When introducing the auxiliary knitting station, 
two courses must be knit where one course was formerly 
knit and the openings or “cat-eyes' are formed at this 
point because the free or leading end of the auxiliary yarn 
has not been properly tied into the fabric prior to starting 
the two-course knitting. The openings or "cat-eyes' also 
appear when the auxiliary knitting station is removed. 

it is therefore the primary object of this invention to 
provide an improved machine and method for tying the 
leading and trailing ends of the auxiliary yarn into the 
stitch loops formed by the yarn fed at the main knitting 
station to prevent the formation of openings, eyelets or 
"cat-eyes” when two-course knitting is started and ended. 

It is another object of this invention to provide a novel 
method of tying the leading and trailing ends of an 
auxiliary yarn into the knit fabric prior to and after mak 
ing independent courses of stitch loops with the auxiliary 
yarn. The novel method of introducing the auxiliary yarn 
including knitting the leading end of the auxiliary yarn 
simultaneously with a few needles as the main yarn is 
knit at the main knitting station, knitting the auxiliary 
yarn independently on alternate needles only for a few 
needles, and knitting the auxiliary yarn inedpendently on 
all subsequent needles. The novel method of removing 
the auxiliary yarn including knitting the auxiliary yarn 
independently on all needles, knitting the auxiliary yarn 
independently on alternate needles only for a few needles, 
and removing the auxiliary yarn not knit on any subse 
quent needles. 

t is a more specific object of this invention to provide 
a novel method and apparatus for controlling the raising 
and lowering of the needles in the cylinder at the auxiliary 
knitting station wherein the needles in the cylinder are 
arranged according to the lengths of their butts in a 
manner to cooperate with the auxiliary knitting station 
when the auxiliary yarn is introduced to and removed 
from the fabric and to provide a novel two-level needle 
raising cam in advance of the auxiliary knitting station. 
The two-level needle raising cam is operative to coop 
erate with the varying length butts on the needles and the 
movement of the auxiliary knitting station into operative 
position to securely tie the leading end of the auxiliary 
yarn into the fabric upon its introduction and to securely 

5 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

2 
tie the trailing end of the auxiliary yarn into the fabric 
upon its removal. 
Some of the objects of the invention having been stated, 

other objects will appear as the description proceeds when 
taken in connection with the accompanying drawings, in 
which 
FIGURE 1 is a side elevation of the upper portion of 

a circular knitting machine embodying the present in 
vention; 
FIGURE 2 is a sectional plan view taken substantially 

along the line 2-2 in FIGURE 1; 
FEGURE 3 is an enlarged end elevation of the outside 

of the auxiliary stitch cam block taken substantially along 
the line 3-3 in FIGURE 2: 
FIGURE 4 is a plan view of the auxiliary stitch cam 

block shown in FIGURE 3 and being removed from the 
knitting machine; 
Fig JRE 5 is a fragmentary vertical sectional view 

through the auxiliary stitch cam and being taken sub 
stantially along the line 5-5 in FIGURE 4; 
FEGURE 6 is a rear view of a lady's stocking illustrat 

ing its appearance when worn; 
FIGURE 7 is a somewhat schematic developed view 

of the needle cams and yarn feeding stations which sur 
round the needle cylinder, as though looking outwardly 
from inside the needle cylinder, and showing the path of 
travel of the needles during regular two feed knitting; 
iFIGURE 8 is an enlarged fragmentary view of the 

portions of the fabric indicated at the dotted rectangles 
3 in FIGURE 6 to illustrate the novel method of tying in 
the auxiliary yarn at the beginning of two feed knitting 
and showing the relative positions of the hooks of the 
cylinder needles when they pass the auxiliary feeding 
station; 
FEGURE 9 is a fragmentary horizontal sectional view 

taken substantially along the line 9-9 in FIGURE 5; 
FIGURE 10 is a fragmentary vertical sectional view 

showing the needle shedding cam and being taken sub 
stantially along the line 6-10 in FIGURE 4; 
FiGURE 11 is a fragmentary vertical sectional view 

taken substantially along the line 1-AA in FIGURE 4; 
FIGURE 12 is an enlarged isometric view of the needle 

raising can positioned between the main stitch cams and 
the auxiliary stitch cams; 
FIGURE 13 is a fragmentary schematic view of the 

needle cams shown in the left-hand portion of FIGURE 7 
and showing the path travelled by the various needles 
during the introduction of the auxiliary yarn at the aux 
iliary knitting station; 
FIGURE 14 is a schematic horizontal sectional view 

through the needle cylinder and showing the lengths of 
the butts on the needles and their arrangement in the 
needle cylinder; 
FEGURE 15 is a diagrammatic horizontal section illus 

trating one phase of operation; and 
FIGURE 16 is a diagrammatic section taken on the 

radial plane 5-5 of FIGURE 15. 
Referring to the drawings, the knitting machine is pro 

vided with the usual bed plate 26 in which a conventional 
needle cylinder 2S is mounted for rotation or recipro 
cation. The needle cylinder 2E is driven, at times, to ro 
tate and at other times to reciprocate in the usual manner 
by conventional means, not shown, and is provided with 
vertical slots in which a plurality of cylinder needles, in 
dicated broadly at N (FIGURE 7) are adapted to have 
vertical sliding movement. Alternate cylinder needles N 
have needle raising jacks, broadly indicated at J, posi 
tioned therebeneath and which are provided to raise the 
alternate needles during the make-up, in a conventional 
ae. 

The knitting machine is also provided with the usual 
sinker cap 25 (FIGURES 1 and 2) attached to the upper 
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end of the needle cylinder 2, and in which the usual 
sinkers S are mounted to cooperate with the needles dur 
ing vertical movement to form stitches with the yarn 
fed to the needles. A latch ring 26 is spaced above the 
sinker cap 25 and is pivotally mounted at its rear end 
On the upper end of a pivot post 27 (FIGURE 2), the 
lower end of which is fixed on the bed plate 20. The 
front end of the latch ring 26 is releasably supported 
on the upper end of a sinker cap stop post 3G, the lower 
end of which is fixed on the bed plate 20. 
A dial 35 (FIGURE 2) is supported inside of the 

latch ring 26 and is provided with a plurality of radially 
movable transfer hooks, not shown, which are used to 
make the turned welt of the stocking in a conventional 
manner. The dial 35 also supports a conventional yarn 
clamp and cutter device 36 which is adapted to cut the 
yarns as they are moved out of knitting position and hold 
the yarn ends extending from the yarn feeding fingers. 
The transfer hooks in the dial 35 are rotated in a conven 
tional manner through dial driving gears, mounted in a 
dial drive gear housing 48, shown in dotted lines in 
FIGURE 1. 
The latch ring 26 is provided with a main yarn feeding 

throat opening 42 (FIGURES 2, 7 and 13) in which main 
yarn feeding fingers 44, 45, 46 and 47 are mounted and 
an auxiliary throat opening 43 in which auxiliary yarn 
feeding fingers 50 and 51 are mounted. The main yarn 
feeding fingers 44 through 47 are oscillatably mounted as 
at 54 (FIGURE 1) on an upstanding portion of the latch 
ring 26 and are engaged by the upper end of a plurality of 
yarn feed finger thrust rods 55 which extend downwardly 
therefrom to pass through a cut-out portion at the rear 
of the bed plate 20 and the lower ends thereof are adapted 
?to, at times, engage and be raised by cams, not shown, on 
a main pattern drum 60. The pattern drum 60 is adapted 
to be moved in a conventional step-by-step manner under 
control of the conventional pattern chain, not shown. 
The pattern drum 60 is rotatably mounted on a shaft 
61, the outer end of which is suitably suported by the 
lower end of a bracing member 62 and the upper end of 
the member 62 is fixed on a plate 63. The plate 63 
(FIGURES 1 and 2) is suitably secured to the lower rear 
surface of the bed plate 20. 
The auxiliary yarn feeding fingers 50 and 51 are oscil 

latably mounted as at 65 (FIGURE 1) on an upstanding 
portion of the latch ring 26 and the outer or free ends are 
engaged by one end of respective finger operating evers 
66 and 67. The levers 66 and 67 are oscillatably mounted 
intermediate their ends on the outer end of a horizontally 
disposed post 70 (FIGURES 1 and 2), the inner end of 
which is fixed in the latch ring 25. The rear ends 
of the levers 66 and 67 have suitable pins therein which 
are engaged by the upper ends of respective thrust rods 
71 and 72 (FIGURE 2). The lower ends of the thrust 
rods 71 and 72 are adapted to engage and, at times, be 
raised by cams, not shown, on the main pattern drum 69 
to move the auxiliary yarn feeding fingers 53 and 51 out 
of operative or yarn feeding position. 

Referring to FIGURE 7, the various cams for acting 
upon the butts of the needles N include a fixed cam ring 
broadly designated at 74 and which is supported to 
Surround the needle cylinder 21 in the bed plate 20 by 
a needle cam Supporting ring, not shown, fixed on the 
bed plate 20. The fixed cam ring 74 comprises a ring 
can 75, a can 76, a cam 77, a cam 78, a removable 
jack gate cam 80, and a two-leveled end cam 82 which 
is peculiar to this invention and will be later described 
in detail (FIGURES 7 and 12). The cams 76 and 77 
are cut away at their juncture to accommodate a conven 
tional jack raising cam 85. A conventional widening 
picker 86 is pivotally mounted in the sinker cap stop post 
30 and is movable from operable to inoperable position 
in a conventional manner. The widening picker 86 is 
adapted to be moved, when in operative position, into a 

O 

20 

25 

30 

40 

55 

60 

70 

4. 
Widening needle leveling cann 96 fixed on the sinker cap 
Stop post 30. 
The machine is also provided with conventional mov 

able cams which are movable into and out of operative 
position to engage the butts of the needles extending out 
Wardly from the needle cylinder and which include a 
Switching needle lowering cam 95, a switching needle 
raising cam 96, a needle lowering transfer can 97, a pair 
of cooperating needle raising and lowering dividing cams 
i80 and E0i, and a needle lowering cam i82. The trans 
fer cam 97 is used in cooperation with dial cams, not 
shown, when transferring the stitches held on the dial 
hooks back to the cylinder needles after knitting the re 
quired length of fabric to form the turned weit at the top 
of the hose. The needle raising and lowering dividing 
cans 88, 18i cooperate with each other to cause selected 
ones of the needles to pass through the stitch cams 
at the main knitting station and other needies to pass be 
neath the stitch cams during the make-up or start of a 
new hose. The needle raising switch cam 96 is used to 
switch or raise part of the needles in the needle cylinder 
out of action above the stitch cams at the beginning of 
reciprocatory knitting in the heel and toe pockets and the 
needle lowering switch cam 95 is used to switch or lower 
the raised needles back into action so they will again pass 
through the stitch cams upon completion of the heel and 
toe pockets. 
The needle cams also include a main set of stitch cams 

comprising a top center can 10, a bottom center cam 
a1, a right-hand stitch cam 12, a left-hand stitch can 

583, and a needle butt landing cam 34 positioned be 
neath the left-hand stitch cam 3. A pair of conven 
tional narrowing picks 16 and 117 adapted to work in 
conjunction with the right-hand and left-hand stitch cams 
12, 13 to progressively decrease the number of needles 
knitting during reciprocatory knitting, such as during 
the heel and toe pockets. 
The main set of stitch cams are positioned directly 

therebeneath the main throat opening 42 (FIGURE 7) 
and both of winich may be defined as a first or main 
knitting station, broadly indicated at £20. The main 
kinitting station 120 will draw stitches with all needles 
whose butts approach the knitting station at an eleva 
tion low enough to engage the top center cam 118 so as 
to be guided downwardly to stitch drawing level by 
either the right-hand stitch cam 3:2 or the left-hand stitch 
can 3. 
A second or auxiliary knitting station, broadly indi 

cated at 25, includes the auxiliary yarn feeding throat 
opening 43 as well as a removable auxiliary needle lower 
ing stitch cam 526, a needle raising shedding can 27 
and a needle butt landing cam 32 positioned beneath 
the stitch cam. 26. The cams 26, 27 and 36 are 
mounted for radial movement, relative to the needle cyl 
inder 21 in a cam block 132 fixed on the bed plate 20. 

Referring to FIGURES 4 and 5, it will be observed 
that the auxiliary stitch can E26 and the needle landing 
cam 30 are both suitably secured to the inner end of 
a slide or stem 33 slidably mounted in the cam block 
32 which is normally urged inwardly toward the needle 

cylinder 23 by a pair of compression springs 34, FIG 
URE 5. The inner ends of the compression springs 34 
bear against the outer end of the slide 133 and the outer 
ends of the springs 34 bear against a plate 535 suitably 
Secured to the outer surface of the cam block i32. The 
inner end of a control link E.36 is suitably secured to 
the lower outer portion of the slide 133 (FiGURE 5) 
and extends outwardly, through the plate 135, and is 
bent upwardly to accommodate an adjustment screw 
i49 threadably mounted therein. The adjustment screw 
f4.3 may be adjusted to restrict the inward movement of 
the auxiliary stitch can E26 and landing cam 38. 
The slide i33, along with the auxiliary stitch cam 

i26 and landing cam 38, is, at times, moved outwardly 
away from the ileedle cylinder 21, by a control lever 
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142 oscillatably mounted as at 42a on the control link 
36. One end of the lever 142 bears against the plate 
35 and the other end thereof has one end of a control 

rod 43 connected thereto (FIGURES 1 and 2). The 
other end of the control rod 43 is oscillatably connected 
to the upper end of a bell crank 44 (FIGURE 1) os 
cillatably mounted intermediate tis ends on a fixed shaft 
45 and the opposite free end of the bell crank 144 has 
an operating pin 46 fixed therein. The pin 46 en 
gages a cut-out in the medial portion of a thrust rod 
$47, the lower end of which at times engages the periph 
ery of the main pattern drum 69 and at other times 
engages stepped cams 156 and 51, fixed on the drum 69. 
A second bell crank 5.5 is oscillatably mounted on 

the shaft 45 and is operated by a second thrust rod, 
not shown, and has one end of a connecting rod 156 
oscillatably connected thereto and the opposite end of 
which is connected to the outer end of a beil crank 57 
(FIGURES 2, 3 and 4). The bell crank 157 is oscil 
latably mounted as at 58 on the upper end of a post 
:59, the lower end of which is fixed in the bed plate 
26. The opposite end of the bell crank 57 straddles 
and engages an upstanding control pin 155, the lower 
end of which is threadably mounted in the medial por 
tion of a stem 65 mounted for radial sliding movement 
in the can block 132 and on the inner end of which the 
shedding cam 27 is fixed. The outer end of the stem 
61 is bent downwardly and is threadably penetrated 

by an adjusting screw 62, the inner end of which at 
times engages the cam block 32 to restrict inward move 
ment of the shedding cam 127. The lower medial por 
tion of the stem 61 has the upper end of a pin 163 
fixed therein and the lower end of which is engaged by 
one end of a compression spring 64, the opposite end 
of which bears against a threaded plug 65 mounted in 
the can block 32. Thus, the shedding cam i27 is nor 
mally resiliently urged inwardly toward the needle cyl 
inder 21 by the compression spring 64 and at times is 
moved outwardly to inoperative or to partially inopera 
tive position by the bell crank 57 to engage selected 
needle butts. 
The movable cam {2 is also mounted for radial move 

ment inwardly and outwardly from the needle cylinder 
21 in the cam block 32 and is fixed on the inner end 
of a stem 70. The stem 70 is slidably mounted in 
the can block 32 and the outer end is turned down 
wardly with a limiting adjustment screw E75 threadably 
mounted therein and the inner end of which is adapted 
to at times engage the outer surface of the can block 
32. The cam 02 is normally resiliently moved into 

close proximity with the needle cylinder 25 by a com 
pression spring 572 (FIGURE 11), one end of which 
bears against a sleeve member 73 and the opposite end 
of the spring 72 engages the bottom of a bore in the 
cam block 32. The cann 62 is at times moved out 
wardly from the needle cylinder 2 by a bell crank 75 
(FEGURES 2 and 4), the inner end of which Straddles 
or encircles the upper portion of a pin 76 fixed at its 
lower end in the stem 7. The bell crank 75 is oscil 
latably mounted intermediate its ends as at 77 on the 
can block 32 and its cuter end is oscillatably con 
nected to one end of a control rod 85 which extends 
rearwardly and is connected at its other end to the upper 
end of a bell crank 83 (FIGURE 1), identical to the 
bell cranks 44 and 155 and is operated by a thrust rod, 
controlled by the main pattern drum. 
As is well known, the sinkers, not shown, in the sinker 

cap 25 must be moved outwardiy from their normal 
fabric-engaging position when a yarn is fed to the needles, 
as the needles are drawn to stitch drawing level, and then 
moved inwardly to shed the loops from the needles 
before the needles are again raised with the new loop 
thereon. This is usually accomplished by a sinker cam, 
not shown, mounted in the sinker cap 25 and above the 
main knitting station 26 and the auxiliary knitting sta 
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6 
tion 25. When the auxiliary knitting station 25 is 
moved to stitch drawing position, it is necessary to move 
the sinker withdrawing cam to operative position. The 
sinker withdrawing cam, not shown, is fixed on the inner 
end of a sinker puli-back arm 35 (FIGURES 1, 2 and 
3) and the outer end of which has a downwardly de 
pending pin 86 fixed therein and which is engaged by 
one end of a control rod E87. The other end of the 
control rod 87 is fixed on the upper end of a sleeve 
E9) (FIGURE 3) which is oscillatably mounted on a 
post 19, the lower end of which is fixed in the upper 
surface of the cam block 132. The lower end of the 
sleeve 96 has one end of an outwardly extending arm. 
192 fixed thereon and the free end of which has one 
end of a control rod 93 osciliatably mounted therein. 
The other end of the control rod 93 is suitably Con 
nected to the upper end of a bell crank 195, which is 
oscillatably mounted intermediate its ends on the shaft 
145 and the bell crank 95 is controlled through a thrust 
rod by the main pattern drum 6. 

it is with a knitting machine of the type thus far de 
scribed that the present invention is adapted to be asso 
ciated and all of the parts heretofore described, with the 
exception of the two-level end cam 82, are conventional 
parts of a Scott & Williams Model K knitting machine 
which has been modified, by the addition of the auxiliary 
feeding station 25 and which machine is commercially 
available. 
The present invention comprises the novel arrange 

ment of the cylinder needles in the needle cylinder 2. 
according to the lengths of the butts on the needles, the 
manner of moving the auxiliary shedding cam 27 and 
auxiliary stitch cam 326 into and out of operative posi 
tion, and the use of the two-level needle raising cam 82. 
The particular needle cylinder shown (FIGURE 14) 

is grooved to accommodate a total of 400 needles N ar 
ranged in eight alphabetical groups A through H. The 
needles N are designated according to the lengths of their 
butts, there being needles of five different butt lengths. 
The needles which have the longest butts are designated 

at LN, that is the needles whose butts extend further out 
of the grooves of the needle cylinder 2; than do the butts 
of any of the other needles below described. The needles 
having the next shorter butts are designated at MLN, 
the needles having the next shorter butts designated at 
MN, the needles having the next sihorter butts designated 
MSN and the needles having the shortest butts designated 
at SN. 
The group A includes 200 LN needles, group B includes 

15 MLN needles, the group C includes 15 MN needles 
alternating with 15 SN needles for a total of 30 needles, 
the group D includes 55 SN needles, the group E includes 
3 MSN needles alternating with 3 SN needles for a total 
of 6 needles, the group P includes 3 MN needles alter 
nating with 3SN needles for a total of 6 needles, the group 
G includes 73 MN needies, and the group H includes 15 
MLN needles. 

Referring to FIGURES 7, 12 and 13, it will be noted 
that the two-level needle raising end cam 82 has a needle 
raising surface 200 which is inclined upwardly and which 
terminates at a high or first level 29. The inner upper 
portion of the cam 82 is cut away to provide a low or 
second needle raising level 262. The cut away portion 
of the cam is sufficient to allow any short butt needles 
SN which ride up the inclined surface 200 to level off at 
the low or second level 202 and all other needles will be 
raised up the inclined surface 200 to the high or first level 
21. Thus, as the successive needle butts engage and 
ride up the two-level cam 82, all of the needles in the 
needle cylinder except the short butt needles SN will be 
raised up the inclined surface 29 and released at the 
high level 292 while the short butt needles SN will ride 
up the inclined Surface 200 and be released at the low 
level 202. The high level 265 may be termed an aux 
iliary yarn receiving level since the hooks of the needles 
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raised to the level 28 are raised high enough to pick up 
the auxiliary yarn fed at the throat opening 43 and the 
hooks of the needies raised to the level 232 are not raised 
high enough to pick up the auxiliary yarn. 

Method of Operation 
A lady's seamless stocking such as is indicated at S 

(FIGURE 6) is ordinarily knit by first knitting a turned 
welt 2 i8 with a relatively heavy yarn on the order of 40 
denier nylon. In starting the stocking S, the shedding 
cam 27 and auxiliary stitch cann E26 as well as the 
auxiliary yarn feeding fingers 58 and 52 are in withdrawn 
or inoperative position and the make-up is made by divid 
ing the needles with the dividing cam 153 so that alternate 
needles pass over the right-hand stitch cam li2, engage 
the center cam 6, pick up the yarn W from the yarn 
feeding finger 46, and then draw the yarn down as the 
needle buts are lowered by the left-hand stitch can 
while the butts of intervening needles pass below the right 
hand stitch cam 52 so that they do not pick up the yarn 
w. During this make-up, conventional transfer hooks, 
not shown in the dial 35, are moved outwardly over the 
intervening needles to receive and hold the yarn by until 
completion of the desired length of fabric has been knit 
to form the turned weit 256. After the make-up courses 
are made, all of the needles draw stitches at the main 
knitting station 26 and when the desired length has been 
knit, single feed, the intervening cylinder needles are 
raised and the yarn, held on the transfer hooks, in the 
dial is transferred back to the cylinder needles to form a 
tubular welt 2.58 at the top of the stocking S. 

Rotary knitting is continued to form an after-welt 2. 
with the yarn v. After completing the after-wet 212, 
it is the conventional practice to change the yarn feeding 
fingers at the main throat opening 42 (FIGURES 7 and 
8) So that the leg 232 of the stocking S may be knit with 
a light yarn. This is usually accomplished by moving 
a yarn feeding finger such as the finger 47 into operative 
position which is threaded to feed a main body yarn n, 
such as 15 denier nylon. With both the yarn feeding 
fingers 46 and 47 in feeding or operative position, the 
needles passing through the main knitting station 26 will 
pick up and knit stitch loops with both yarns w and n1, 
Such as those indicated in needle wales W-i6 through 
W-24 in course C-2 of the fabric illustrated in FIGURE 
8. These two yarns may be knitted together for as long 
as is desired, in this case for nine needles, in order to tie 
the two yarns together before the heavy denier yarn w is 
removed by raising the yarn feeding finger 46 to inopera 
tive position and clipping the end of the yarn as it is 
passed across the dial 35 by the clipping mechanism 36. 

in order to increase the speed of knitting the leg 2:2 of 
the stocking S, the auxiliary feeding station 125 is moved 
into operative position during the formation of the stitch 
loops in course C-2. In order to prevent the formation 
of openings, eyelets or "cat-eyes' at the point at which 
two-course knitting commences, a novel method has been 
proyided for introducing an auxiliary yarn to start two 
course or multiple course knitting from single course 
knitting. Two-course knitting is started by moving the 
yarn feeding finger 56 into operative position while the 
SN needles in group D are passing the throat opening 43 
and the sinker withdrawing cam, not shown, is moved to 
operative position at the same time. The feeding finger 
50 is threaded with an auxiliary yarn a, such as 15 denier 
nylon yarn. The yarn a will not be picked up by the 
needles in the group D since their hooks are not raised 
high enough by the cam 32 to pick up yarn at the aux 
iliary throat opening 43. 
While the short butt needles SN in group D are passing 

the withdrawn shedding can 3.27 and auxiliary stitch cam 
126 with the needle cylinder rotating in a counter-clock 
wise direction in FG JRE 14, both the cams E26 and 27 
are moved inwardly toward the needle cylinder by move 
ment of the main pattern drum 68 and through the link 
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8 
age previously described. The shedding cam 127 is 
moved inwardiy far enough so it will engage and raise 
the MN needles in group F but will miss the MSN needles 
in group E and miss all the short butt needles SN in both 
of the groups E and F. At the same time, the auxiliary 
stitch cari 26 is moved inwardly towards the needle 
cylinder far enough to engage the butts and lower the 
fiSN needles in group E and the MN needies in group F. 
Thus with rotation of the needle cylinder, the butts of 

the MSN needles in group E will ride up the cam 82 to 
the yarn receiving evel 262 to travel a pathway P-2 and 
then engage and pass beneath the auxiliary Stitch can 
:26. The butts of the needles SN in group E will ride up 
the inclined surface of the two-level cam 82 to the low 
level 262 and travel a level pathway P-3 (FIGURE 13) 
since the butts of the SN needles are not long enough to 
engage the shedding can A27 or stitch can E26 when in 
their present positions. Since none of the needles in 
group E are raised by the shedding cam E27, the stitch 
ioops thereon, which were formed at the main knitting 
station 120 in the course C-2 and wales W-4 through 
W-9, will not be noved below the latches of these needles 
and therefore will not be shed as these needles are low 
ered by the auxiliary stitch can. 25. The yarn a fed to 
the MSN needies in group E at the auxiliary throat open 
ing 43 will be laid in the hooks of the SN needles in 
group E also as it is drawn down by the MSN needles 
in group E. Stitches are not drawn at this point with the 
yarn a but laid in the hooks of all the needles in group E 
to join with the main yarn in in drawing stitches in course 
C-3, as more fully described hereinafter. 

Since the needle shedding can 127 and stitch can 26 
are both loved inwardly far enough to engage the MN 
needles in group F, the butts of these needles will follow 
a pathway P-4 (FIGURE 13), over the shedding cam 
3.27 and beneath the stitch cam E26 to draw stitches in 
wales W-S, W-12 and W-14 in the auxiliary course 
C-2a (FIGURE 8). The butts of the SN needles in 
group F will foilow the pathway P-3 and will pick up 
yarn in their hooks as the yarn is pulled down by the 
IAN needles. As group F passes the knitting station i25, 
the SN needles will not be lowered by the stitch cam 26 
so that the yarn a is merely held in the hooks of these SN 
needles in group F and shed when these needles draw 
stitches at the finain knitting station. This shed yarn is 
illustrated passing behind the stitches in wales W-5, 
W-23 and W-15 in course C-2a and the beginning of 
course C-3. 
When the MN needles in group G reach the shedding 

carn 127, they will all be raised to take yarn from the 
auxiliary finger 53 and then lowered by the stitch cam 
226 to draw stitches therewith and form the stitch loops 
in waies W-É6 through W-24 and succeeding Wales, not 
shown, in course C-2a. After the groups E and F have 
passed the auxiliary knitting station 25, the shedding cam 
i27 and stitch can 126 are moved inwardly to fully oper 
ative position to engage the butts of all of the various 
iength needles in the needle cylinder 2 so that with each 
succeeding rotation of the needle cylinder, all of the 
needles wiil pass through and draw stitches at the auxil 
iary knitting station 125. 
As the needles in group E approach the main knitting 

station 28, when knitting the course C-3, the needles in 
group E, all of which have the auxiliary yarn a already 
held in their hooks, will pick up the main body yarn m 
from the yarn feeding finger 47 and pass through the 
Stitch cans to thus draw the Stitches indicated in wales 
W-4 through W-9 with both yarns a and m. All the 
feedies in group F will take the main body yarn in at the 
yarn feeding finger 47 and draw single stitches in every 
Wale W-59 through W-5 therewith. As the SN needles 
are raised by the cam 2 the yarn a will be moved 
belcw the latches of the needles and will be shed when 
the Stitches of the yarn in in wales W-12, W-3 and 
W-i5 are drawn. All the needles in the group G and 
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Succeeding groups will pass through the main knitting 
station to draw single stitch loops as shown in the wales 
W-i6 through W-24 in course C-3. 

Since, by this time the shedding cam 127 and auxiliary 
Stitch cam 26 will have moved into fully operative posi 
tion, all of the needles in all groups will pass over the 
shedding cam 27 and below the stitch can 126 to form 
a course of single yarn stitch loops from the yarn a as 
illustrated in course C-3a. Thus with each revolution 
of the needle cylinder, two courses are formed. This 
double course knitting is continued throughout the length 
of the leg 212 (FIGURE 6) and before starting the heel 
pocket, indicated at 223 (FIGURE 6), the machine again 
Switches to single feed knitting. 
The foregoing matter of eyelet closure may be sum 

marized with particular reference to the yarn handling 
involved as follows: 
As the needles of group E leave the stitch cam 153, 

having drawn main yarn, the longer butt needles of group 
E rise up cam 200 to the level P-2, which is a “tuck' 
level (though tucking is not produced on these needles), 
i.e., an uncleared level. They pass the cam 27 without 
further rise and are then depressed by the stitch cam 126 
drawing the auxiliary yarn over the ledges of the sinkers 
but without drawing stitches since the loops drawn at the 
main feed have not been cleared and accordingly have 
not been cast off, still remaining in the hooks of the 
Ineedles as the needles reach the bottom of cam 126. As 
the longer butt needles of group E pass the level P-3 of 
the shorter butt needles of the same group E, the auxiliary 
yarn passes outside the hooks of these shorter butt needles, 
the path of the auxiliary yarn at this point being still 
outward and away from the needle shanks in its tangen 
tial approach from the feed throat to the needle circle. 
Thus, as the drawing of the auxiliary yarn is completed 
it is outside the shanks of the shorter butt needles, and 
when both sets of needles of this group join each other 
beyond cam 125, the auxiliary yarn has the same rela 
tionship to both sets. In the subsequent rise to the level 
of approach to cam 112 the needles of the group E now 
contain both the loops of main yarn previously drawn 
at the main feed and a length of auxiliary yarn drawn at 
the auxiliary feed. As the sinkers are withdrawn in the 
reapproach to the main feed the loose length of the 
auxiliary yarn, which is not bound in any way to the 
needles moves outwardly with the sinkers to a radial posi 
tion beyond the spoons of the open latches. As clearing 
takes place over the cam 12 the loops of main yarn pass 
below the latches but, of course, tightly engage the shanks 
of the needles. 
Now, as the needles pass down the can A20 and the 

cam i3 the lower ends of the latches pass within the out 
Wardly bowed length of the auxiliary yarn, as shown in 
FIGURES 15 and 16, so that this yarn is again positioned 
above the needle latch and during this downward move 
ment of the needles, the sinkers are moved inwardly to 
carry the auxiliary yarn into the hooks of the needles of 
group E. in the same operation the main yarn is taken 
by the needles of this group, and at the bottom of cam 
113 loops of the auxiliary yarn and of the portion of the 
main yarn most recently introduced are drawn together 
through the cleared loops of main yarn previously posi 
tioned on the needle shanks. There thus follows the 
double loops shown in FIGURE 8 in the wales W-4 to 
W-9. 
When switching from multiple feed knitting to single 

feed knitting, the trailing end of the auxiliary yarn a is 
again tied in with the main yarn m before removing this 
yarn to prevent openings, eyelets or "cat-eyes' in the 
fabric at the juncture of the leg and heel pockets 213. As 
is Well known, the heel pocket 213 is knit by reciprocatory 
knitting on only a portion of the needles in the needle 
cylinder, and in this case, a conventional Y heel is knit 
on the needles in groups C, D, E, F and G. In order to 
knit the heel pocket on only these five groups of needles, 
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it is necessary to switch the needles in groups A, B and H 
upwardly to inoperative position by use of the switching 
cam 9.6 (FIGURE 7) which is moved into operative posi 
tion, during the last counter-clockwise rotary movement 
of the needle cylinder, far enough to engage and raise 
the needles MLN in group H, the LN needies in group A 
and the MLN needles in group B. 
When the needles in groups A, B and H are raised, dur 

ing the last counter-clockwise movement of the needle 
cylinder, the auxiliary shedding cam 27 and auxiliary 
stitch cam 26 are moved outwardly to partially inopera 
tive position to engage only a few of the MN needles in 
group C and thus only alternate needles will take and 
draw stitches to form Stitches in a pattern similar to that 
shown in wales W-10 through W-5 in course C-2a. 
As the cams 127 and 26 are withdrawn to fully inopera 
tive position, the yarn a in the feeding finger 50 will be 
laid in the hooks of a few of the needles in group C to be 
knit with the yarn from the main feeding finger during 
the first reciprocatory course of the heel pocket 233. 

During this last rotary course of the leg 22, the yarn 
feeding fingers at the throat opening 42 are again changed 
so that the wet yarn w in the finger 45 is moved into 
operative position a few needles before the yarn feeding 
finger 47 with the main yarn in removed to thus form 
double yarn stitch loops similar to those shown in wales 
W-16 through W-4 in course C-2 to completely tie in 
the welt yarn w before removing the body yarn m. 
The heel pocket 213 is started by single feed knitting 

with the weit yarn won the needles in the groups C, D, 
E, F and G and the usual narrowing operation is started. 
The narrowing is accomplished by the use of the narrow 
ing picks 16 and 17 to reduce the number of needles knit 
ting each successive partial course for a predetermined 
number of partial courses. A widening operation is then 
started by utilizing the widening pick 86 (FIGURE 7) 
to increase the number of needles knitting in each succes 
sive partial course and continued until the desired num 
ber of needles have been moved back into operative posi 
tion and the desired number of partial courses have been 
knit. In order to complete the Y heel, it is again neces 
sary to narrow and then widen. The driving mechanism 
is then switched to drive the needle cylinder in rotary 
motion and all the needles are switched to lowered or 
operative position to start the rotary knit foot portion 224. 

Two-course knitting may again be started in the rotary 
knit foot portion indicated at 214 (FEGURE 6) and in 
a manner identical to that which the multi-feed knitting 
was started following the knitting of the after-welt 211. 
Since the nanner in which the two-course knitting is 
started in the foot pocket 214 is identical to the manner 
it was started in the leg 2:2 and heretofore described, 
it is not deemed necessary to again repeat this cycle. 

After completing the foot 214 the usual toe pocket 25 
is made by reciprocatory knitting and in single feed knit 
ting. It is customary to make a few, and in this case 
four ring toe courses before starting the toe pocket 215. 
These four ring toe courses are made with the welt yarn 
w and this yarn is exchanged for the body yarn m in an 
identical manner to that above described and it is at this 
point that the auxiliary yarn feeding finger and auxiliary 
Stitch cam are removed and in the same manner in which 
the auxiliary yarn was removed prior to knitting the heel 
pocket 2:3. 
Aithough a particular arrangement of needles in the 

cylinder 21 is described for use in making the lady's 
Stocking S, it is to be understood that the arrangement 
of the needles in the cylinder 21 may be used and still 
come within the scope of this invention. For instance, 
a greater or less number of needles may be provided in 
the groups E and F than shown and although the MSN 
and MN needles singly alternate with the SN needles, this 
alternation may be double if desired. In this case, in 
group E there Would be two SN needles together, followed 
by two MSN needies, etc. and in group F there would be 
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two SN needles together, followed by two MN needles, 
etc. It is also to be understood that this invention is not 
imited to machines having 400 cylinder needies, since 
machines having a greater or less number of needles may 
be used equally as well. 

It is thus seen that a novel apparattis and Imethod for 
tying in the leading aid trailing ends of an auxiliary 
yarn have been provided wherein both ends of the auxil 
iary yarn are knit in with the main yarn to prevent "cat 
eyes,' eyelets and openings where multi-feed knitting 
commences as well as where multi-feed knitting ends. 

in the drawings and specification there has been set 
forth a preferred enbodiment of the invention and, al 
though specific terms are employed, they are used in a 
generic and descriptive sense only and not for purposes 
of limitation, the scope of the invention being defined in 
the ciains. 

I claim: 
1. A method of knitting on a circular knitting machine 

having vertically movable independent cylinder needles, 
radially movable sinkers, and first and second knitting 
stations adjacent the needle cylinder comprising the steps 
of feeding a main yarn to all of the needles and draw 
ing stitches therewith at the main knitting station during 
rotary knitting of a first fabric secticin, during a single 
rotation of the needle cylinder, introducing and feeding an 
auxiliary yarn to uncleared needles in a first group of 
needles at the auxiliary knitting station without drawing 
stitches therewith, feeding the auxiliary yarn to alternate 
cleared needles in a second group and drawing said alter 
nate needles to stitch level to carry said yarn into the 
hooks of intervening uncleared needles, feeding the auxil 
iary yarn to all succeeding needles and drawing stitches 
with all of said Succeeding needles at the auxiliary knitting 
station, and during subsequent rotations of the needle 
cylinder, feeding the auxiliary yarn to draw stitches with 
all of the needles in the needle cylinder including all of 
the needles in the first and second groups. 

2. A method of knitting on a circular knitting machine 
having vertically movable independent cylinder needles, 
radially movable sinkers, and first and second knitting 
stations adjacent the needle cylinder comprising the steps 
of feeding a main yarn to all of the needles and drawing 
stitches therewith at the main knitting station during 
rotary knitting of a first fabric section, knitting a second 
fabric section by introducing and feeding an auxiliary 
yarn to uncleared needles in a first group of needles at 
the auxiliary knitting station without drawing stitches 
therewith, feeding the auxiliary yarn to alternate cleared 
needles in a second group and drawing said alternate 
needles to stitch level to carry said yarn into the hooks 
of intervening uncleared needles, feeding the auxiliary 
yarn to all succeeding needies and drawing stitches with 
all of said succeeding needles at the auxiliary knitting sta 
tion during a single rotation of the needle cylinder, dur 
ing subsequent rotations of the needle cylinder feeding the 
auxiliary yarn to draw stitches with all of the needles in 
the needle cylinder including all of the needles in the first 
and second groups, and knitting a third fabric section by 
single course knitting by first feeding the auxiliary yarn 
to a few alternate needles only and thereafter withdraw 
ing the auxiliary yarn to draw stitches with the main yarn 
on all cylinder needles at the main knitting station only. 

3. A method of knitting cn a circular knitting machine 
having vertically movable independent cylinder iatch 
needles, radially movable sinkers, and main and auxil 
iary knitting stations adjacent to the needle cylinder com 
prising the steps of feeding a main yarn to needles and 
drawing stitches therewith at the main knitting station 
during single feed knitting of a first fabric section; dur 
ing a single rotation of the needle cylinder introducing 
and feeding an auxiliary yarn to uncleared needles of a 
group of needles at the auxiliary knitting station and 
drawing said auxiliary yarn without drawing stitches 
therewith, ihe last mentioned feeding being accomplished 
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by raising certain needles of said group to a tuck level to 
receive said auxiliary yarn while other interspersed needles 
of Said group move past the auxiliary knitting station at 
a lower level, and by then lowering said certain needles 
below said lower level to carry the auxiliary yarn into the 
hooks of Said interspersed needles, and feeding the auxil 
iary yarn to cleared needles succeeding said group and 
drawing stitches with said succceding needles at the auxil 
iary knitting station; and during subsequent rotations of 
the needle cylinder feeding main and auxiliary yarns to 
draw Stitches with all of the needles in the needle cylinder 
to produce multifeed knitting of another fabric section. 

4. A circular knitting machine comprising a needle 
cylinder, independent latch needles mounted in said cylin 
der, radially movable sinkers, and devices associated with 
Said needles to effect knitting including main and auxil 
iary knitting stations, each including yarn feeding means, 
and means for controlling knitting, the last mentioned 
means comprising: means for effecting needle movements 
at the main knitting station and feed of yarn thereto to 
produce stitches thereat during single feed knitting of a 
first fabric Section; means for effecting at said auxiliary 
knitting station during a single round of knitting rise of 
certain needles of a group to a tuck level, without clear 
ing, rise of other interspersed needles of the same group 
to a lower level without clearing, feed of auxiliary yarn 
to said certain needles, lowering of said certain needles 
below said lower level to carry the auxiliary yarn into 
the hooks of said interspersed needles, and clearing of 
needles Succeeding said group, feed of auxiliary yarn 
thereto, and drawing of Stitches thereby at the auxiliary 
knitting Station; and means for effecting during subsequent 
rounds of knitting feed of both main and auxiliary yarns 
to needles and formation of stitches from both of said 
yarns to produce inultifeed knitting of another fabric 
section. 

5. A method of knitting on a circular knitting machine 
having vertically movable independent cylinder needles, 
radially movable sinkers and main and auxiliary knitting 
stations adjacent to the needle cylinder comprising the 
Steps of feeding main and auxiliary yarns to draw stitches 
with all of the needles in the needle cylinder to produce 
multifeed knitting during rotations of the needle cylinder; 
then raising certain needles of a group to receive the 
auixiliary yarn while other interspersed uncleared needles 
of the group move past the auxiliary knitting station at a 
lower level, lowering said certain needles below said lower 
level to carry the auxiliary yarn into the hooks of said 
interspersed needles, and withdrawing the auxiliary yarn 
following its reception by said certain needles; and then 
feeding a main yarn only to needles including those of 
Said group and drawing stitches therewith at the main 
knitting station during single feed knitting of a fabric 
section. 

6. A circular knitting machine comprising a needle 
cylinder, independent latch needles mounted in said cylin 
der, radially movable sinkers, and devices associated with 
said needles to effect knitting including main and auxiliary 
knitting stations, each including yarn feeding means, and 
means for controlling knitting, the last mentioed means 
comprising: means for effecting during rounds of knitting 
feed of both main and auxiliary yarns to needles and 
formation of stitches from both of said yarns to produce 
multifeed knitting; means for effecting at said auxiliary 
knitting station rise of certain needles of a group to one 
level, rise of other interspersed needles of the same group 
to a lower level without clearing, feed of auxiliary yarn 
to said certain needles, lowering of said certain needles 
below said lower level to carry the auxiliary yarn into 
the hooks of said interspersed needles, and removal of 
the auxiliary yarn following its reception by said certain 
needles; and means for thereafter effecting movements of 
needles, including those of said groups, at the main 
knitting station and feed of yarn thereto to produce 
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stitches thereat during single feed knitting of a fabric 
Section. 
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