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No. 519,405 
Claims priority, application Italy, Apr. 9, 1957, 

572,765/57 
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This application is a continuation-in-part of Ser. No. 
727,079, filed Apr. 8, 1958. 
The invention relates to a circular knitting machine 

and more particularly to a circular knitting machine for 
the manufacture of ladies' hosiery. 

In the past, circular knitting machines of the above 
mentioned type had one or two feeds. In knitting hosiery 
it is desirable to have a multiplicity of feeds in order to 
increase production. The modern circular knitting ma 
chine for the manufacture of hosiery is a complex mecha 
nism having little room around its relatively small cylin 
der for the parts necessary to knit fabric at more than 
two feeds and to obtain the necessary timed, cooperative 
action of all parts. 
The machine, according to the invention, includes a 

needle cylinder, at least four yarn guides or sets of 
yarn guides cooperating with at least four feed stations, 
and at least four stationary switch cams combined with 
said cylinder, movable clearing cams, which are engaged 
and disengaged either to completely lift or not to com 
pletely lift the needles so as to clear or not to clear the 
stitch and to determine a pick-up of the yarn and, in 
addition at least two sets of slider cams for the selection 
of the needles for the purpose of forming tuck stitches. 
The arrangement is such that four feeds are employed 
during the forming of the tubular fabric for the form 
ing of a stocking and therefore four courses are formed. 
The sets of slider cams for forming the tuck stitches 
are arranged in Such a way that they, together with the 
other cams, control the needles to form a course of plain 
stitches, a course of tuck stitches, another course of plain 
stitches and another course of tuck stitches, during each 
revolution of the needle cylinder. 

For forming a stocking in which the heel is formed by 
distorting a straight tube and thereafter setting the same 
by thermo finishing, a reinforcement may be provided 
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to act as a false heel. This is accomplished by inserting 
and withdrawing a second or splicing yarn in at least two 
of the feed stations, and cyclically in each revolution con 
trolling the insertion and withdrawal of said second yarn 
in the needles within a predetermined arc of the cylinder, 
which arc varies in accordance with the desired pattern 
of the reinforcement. 

According to an embodiment of the invention, there are 
also provided two control stations for controlling the yarn 
guides and clearing cams at the two feed stations which 
are designed to feed the yarn for forming the plainstitches, 
two control stations for controlling the yarn guides at 
the other two feed station, and adjacent to the latter, 
two control units for the needle selecting jack slides to 
form the tuck stitches. In addition, there are provisions 
to arrange in each of at least two spaced feed stations, 
preferably those for forming the plain stitches, means 
to feed an additional splicing yarn along an arc of needles 
and to cut Said yarn, so as to form, in a tubular leg, 
a spliced reinforcement designed to imitate the so-called 
heel pocket provided for in the stockings formed with 
alternate or reciprocating motion in conventional ma 
chines. The device which determines a supplemental feed 
arc at each revolution provides for a rotary cylindrical 
can rotating continuously, and being axially slidable and 
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having a surface contour according to the profile of the 
reinforcement to be made. In addition, there is provided 
the necessary tappets or cam followers for controlling 
the yarn guides and the sinker cams for the purpose of 
cyclically engaging or disengaging the supplementary feeds 
of the yarn for the spliced reinforcement. The cam fol 
lowers are spaced apart circumferentially of the rotary 
and axially slidable cylindrical cams, and the feed devices 
of the yarn for the supplemental reinforcement are spaced 
apart with relation to the needle cylinder for the purpose 
of determining a displacement in the splicing yarn inser 
tion and withdrawal corresponding to the angular spacing 
of the associated devices with respect to the axis of the 
needle cylinder. 

It is therefore an object of the present invention to pro 
vide a circular knitting machine for the production of 
hosiery having four or more feeding stations. 

Another object is the provision of a circular knitting 
machine for the production of hosiery which allows for 
the speedy production of the tubular fabric by the rota 
tion of the needle cylinder continuously in only one direc 
tion throughout the manufacture of the entire stocking. 
The above objects as well as others together with the 

benefits and advantages of the invention will be apparent 
upon reference to the detailed description set forth below, 
particularly when taken in conjunction with the draw 
ings annexed hereto in which: 
FIGURE 1 is a perspective view, seen 

ring provided with sinker control tracks; 
FIGURE 2 is a diagrammatic section of the needle 

cylinder showing the operating mechanism for the yarn 
guides; 
FIGURES 3, 4 and 5 show developments of the needle 

cylinder with the cams in the three arrangements for form 
ing an elastic welt for short stockings, for forming tuck 
Stitching, and for forming plain stitching respectively; 
FIGURES 6, 7 and 8 show developments similar to 

those of the preceding figures with the cams arranged to 
form the welt and initial leg portions of the stocking; 
FIGURE 9 is a perspective view of the cover of the 

machine showing the yarn clamps and shears; 
FIGURE 10 is a diagrammatic front view of a sec 

ond embodiment of the stocking machine showing its 
essential parts; 
FIGURE 11 is a diagrammatic horizontal section taken 

along the line XI—XI of FIGURE 10; 
FIGURES 12, 13 and 14 are vertical sections taken 

along the lines XII-XII, XIII-XIII and XIV-XIV of 
FIGURE 11; 
FIGURES 15 and 16 are respectively a horizontal sec 

tion and an elevation taken along the line XV-XV of 
FIGURE 13 and the line XVI-XVI of FIGURE 13; 
FIGURES 17 and 18 are two transverse sections taken 

along the lines XVI-XVII and XVIII-XVIII of FIG 
URE 15 with FIGURE 18 showing additional parts; 
FIGURE 19 is a diagrammatic view taken along line 

XIX-XIX of FIGURE 10; 
FIGURE 20 is a section taken along the broken lin 

XX-XX of FIGURE 19; 
FIGURE 21 is a section similar to... that of FIGURE 19 

showing the devices for the controlling of the cams that 
form tuck stitching; 
FIGURE 22 is a section taken along the line XXIII-— 

XXIII of FIGURE 21; 
FIGURE 23 is a diagrammatic view taken along the 

line XXIII—XXIII of FIGURE 21; 
FIGURE 24 is a section taken along the line XXIV. - 

XXIV of FIGURE 20 with the needle cylinder omitted; 
FIGURE 25 is a partly sectioned side view of the needle 

cylinder taken along the line XXV-XXV of FIGURE 19 
but on a smaller scale, showing a device for cutting and 
Stopping the yarn in forming splicing; 

from below, of a 
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FIGURE 26 is a development taken along the line . 

XXVI—XXVI of FIGURE 25; 
FIGURE 27, 28, 29 and 30 are sections taken along 

tthe lines XXVII-XXVII, XXVIII-XXVIII, XXIX— 
XXIX and XXX-XXX of FIGURE 26; 
FIGURE 31 is a view taken along the line XXXI 

XXXI of FIGURE 30. 
With reference first to FIGURES 1-9, the machine 

comprises a needle cylinder 1, with needles 2, and needle 
jacks 3, sliding together with the needles in slots cut in 
the cylinder 1. Reference numeral 4 denotes the drive for 
the rotation of the cylinder 1. Reference numeral 5 denotes 
the stationary wall surrounding the needle cylinder and 
carrying the control means for the needles and jack butts. 
Reference numeral 6 denotes a sinker plate which is sta 
tionary and which controls the radial movement of the 
sinkers 7. To this end, the sinker plate 6 provides a guide 
groove or track which has four outwardly displaced pro 
files 6a, 6b, 6c and 6d which operate the sinkers in the 
manner known, it being noted that two feed machines 
have two such profiles. 
Yarn guides 9 and 10 at each feed are provided to feed 

the yarn to the needles over pre-determined arcs of rota 
tion of the needle cylinder, these yarn guides being lowered 
by springs 11 and raised by a linkage comprising push 
rods 12 connected to bell-crank levers 13 pivoted at 14 
to the supports 15 which also form sliding guides for the 
rods 12. The bell-crank levers 13 are operated by flexible 
cables 16, for instance Bowden cables located in sheaths 
16a which are fitted in stationary shoulders 17. 
As shown in FIGURES 3-8, four cases 21, 22, 23 and 

24 are provided for the four sets of yarn guides 25, 26, 27 
and 28. Each of cases 22, 23 and 24 has at least two, or 
at most, four yarn guides, and main feed case 21 has five 
yarn guides. These yarn guides, when lowered, feed the 
yarn at the positions indicated by the arrows A1, A2, A3 
and A4. Adjacent the four feed positions A1, A2, A3 and 
A4, are stationary stitch cams 31, 32, 33 and 34 which 
cooperate with the same number of stationary cams 31a, 
32a, 33a and 34a. Adjacent the cams 31, 32 and 34 are 
clearing cams 35, 36 and 37 which are pivotally movable 
into position to raise and clear the needles before receiv 
ing the yar?m at the feed position after which the needles 
are lowered by means of the stitch cams 31, 32, and 34 to 
close the latches and form the stitch. Between the cams 32 
and 33 there is provided a set of clearing slide cams 39 
which are of the type used to effect needle selection for 
the formation of tuck stitching. These cams 39 selectively 
raise needles which therefore clear and after receiving the 
yarn at feed position A3 are lowered by cam 33 to form 
a stitch. Another set of slide cams 40 is provided between 
the cams 34 and the cam 31 and this set of cams 40 selects 
the needles to form a row of stitches containing tuck 
stitches. 

In addition to this general arrangement, two other 
cams 41 and 42 are provided, FIG. 4, for the formation 
of short stockings or men's socks, of which the welt is 
formed with an elastic yarn. Adjacent the cam 42, a yarn 
guide 43 feeds the elastic yarn 44 for the formation of 
this elastic welt. An additional cam 45 may be provided 
for the one-and-one selection of the needles, this cam be 
ing movable vertically. A cam 46 effects a one-and-one 
Selection of the needles by engagement with a row of butts 
of two different lengths provided on the needle jacks. 

For the formation of a stocking of conventional length, 
in addition to the cams 31 to 40 the conventional cams 47, 
48, 49 (FIGURE 6) are provided in place of the cams 41, 
42, 45 and 46. 
With either of the above arrangements, the cams nor 

mally provided for forming the toe and heel are omitted, 
in a conventional manner, and thus there is more space 
available for the above-mentioned cams. The machine is 
arranged for a rotational drive always in one direction 
and preferably in a continuous manner, 
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The main feed A1, which is generally provided in the 
normal feed position of the machine, feeds yarn for the 
formation of plain stitches when the cam 35 is raised 
and for the formation of tuck stitches when the cam 35 is 
lowered and the needles are selected by cams 40. The feed 
A2 forms plain stitches when the cam 36 is raised, and 
forms a tuck stitch when the cam 36 is lowered. The 
feed A3 only forms tuck stitches when the needle selection 
cams 39 are withdrawn for this purpose and may form 
plain stitches when the cams 39 are inserted to raise all 
the needles. This condition is encountered in FIGURES 
3 and 6 wherein feed A3 is inactive and wherein the 
needle butts arriving at cam 33 will be at a level lower 
than the level of the needles which, for instance, arrive 
at cam 32 and no stitches will be formed and no stitches 
will be cast off. Selective insertion of cams 39, will raise 
selected needles from the not raised needles as for in 
stance shown in FIGURE 4 and insertion of all of cams 
39 will raise all of the needles. When some or all of the 
cams 39 are inserted, the yarn guide of feed A3 must be 
lowered to permit the raised needles to pick up the yarn 
after casting off the previous loop. The feed A4 behaves 
like the feed A2 according to the position of the can 37. 
It is apparent that the movements of the cams 35, 36, and 
37 may be effected at any instant to raise the needles by 
engagement with the needle butts. 
The stationary cams 31 to 34 operate to form plain 

stitches only when either the pivoted cams 35 to 37 are 
raised, or when all of the slide cams 39 and 40 are in 
serted. At the start of a feed the yarn guide is lowered be 
fore the corresponding pivoted cam is raised, or before the 
needles are raised by the cams 39 or 40. In this way the 
new yarn is picked up by, for example, ten to fifteen 
needles which do not clear. When any of the cams (36, 37 
or the slide cams 39 and 40 is inserted, and with the rais 
ing of the needles to clear, the stitches are formed which 
firmly grip the yarn. When it is desired to inactivate the 
feed after at east ten to fifteen needles, which have not 
cleared, have passed the stitch cam the yarn guide is 
raised so that a sufficiently long loose end of the yarn is 
bound in at the next feed. 
The control of the pivoted cams 35-37 and of the yarn 

guides, may be effected through the flexible cables 16, 
and 16a of FIGURE 2, and each cable is controlled in a 
known manner by the main cam drum of the machine 
with a pre-determined program for the formation of each 
article. 

For the formation of short stockings or socks, the cam 
41 Iowers all the needles so that a one-and-one selection 
is effected by the cam 46. In this way, the elastic yar?n 44 
is fed without any of the needles clearing and the cam 42 
lowers the needles after the feed of the elastic yarn. So 
as to knit it in, the cam 45 raises the needles exactly like 
the cam 46 but to clear and the stitch is formed by the 
cam 31. The needles which have not been raised by the 
cams 45 and 46 and which thus have not picked up the 
elastic yarn remain lowered. Thus the feed A operates to 
gether with the feed of the yarn guide 43 which feeds the 
elastic yarn and subsequently the feed A2 operates. The 
cam 35 may be kept lowered, or raised for one revolution 
but not for successive revolutions in order to obtain a 
pattern in the elastic welt. If only the feed A1 is lowered, 
elastic yarn is fed to each row of stitches, while if the 
feed is lowered both at A1 and A2 and the cam 36 is kept 
raised, one row is formed with the elastic yarn followed 
by one row without the elastic yarn. FIGURE 3 illustrates 
the position assumed by the inserted cams (the non-in 
serted cams being dotted) relating to the formation of the 
elastic welt with two feeds, i.e. at A1 and A2, 

Passing from the formation of the elastic welt to the 
formation of the after-welt and of the leg with the tuck 
stitch arrangement (see FIGURE 4) the cams 41, 42 and 
45 are withdrawn, the cam 35 is kept in the lowered posi 
tion, the cams 36 and 37 are raised, the yarn feeds A1, A2, 
A3, A4 and selection cams 39 and 40 are operative. Then 
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rows of plainstitches are formed by the feeds A2 and A4. 
With the cam 33 and the feed A3 tuck stitches are formed 
by some needles, the needles being selected by the cams 
39. 

Similarly with the feed A1 and the cam 31 another row 
containing tuck stitches is formed, the needles being Se 
lected by the cams 40. The yarn guides will be lowered to 
effect the formation of stitches with the desired yarn and 
will be replaced in the event of forming an after-welt hav 
ing a thicker yarn than that used for the leg and again 
when forming the toe with a thicker yarn than that used 
for the leg. For the formation of plain stitches, the ar 
rangement is that shown in FIGURE 5, wherein the cams 
36 and 37 are both raised, the cams 39 inserted to raise all 
the needles, and cam 35 raised or all cams 40 inserted. 
FIGURE 5 shows the arrangement in which the needles 
are raised by the cam 35; if however the needles are raised 
by the cams 40, the path of the butts is that shown by the 
chain dotted line. 

In order to provide splicing similar to the splicing pro 
vided by the machines having one or two feeds, another 
yarn-guide may be introduced at one or two feed positions 
so as to knit in a second yarn with that of the existing 
yarn-guide to form a plating pattern. 
To form a normal stocking, at the start of the welt, i.e., 

the formation of the lace, the arrangement is that pro 
vided in FIGURE 6, wherein the single feed A1 feeds 
yarn to alternate needles, the cams 40 being inserted so as 
to raise alternate needles. The cam 49 is inserted to lower 
the needles not raised by cams 40 and the cam 35 is raised 
to ensure that the raised needles are cleared and that they 
pick up the yarn at A1. The other cams 36, 37 in addition 
to the cams 39 are inoperative. 

For the formation of the welt, the cams are arranged 
as shown in FIGURE 7 wherein all the four feeds are 
operative, all the cams 35, 36 and 37 are raised (immedi 
ately after the formation of the lace or initial welt) the 
cams 39 are inserted to raise all the needles and the cams 
40 are arranged in such a way as to raise alternate needles. 
In this way plainstitches are formed at all the feeds. The 
fed yarn will be relatively thick. 
At the end of the welt formation, for connection to the 

lace or (after-) welt, the arrangement is that shown in 
FIGURE 8, wherein the can 47 which lowers the needles 
not raised by the cams 40, is inserted in order to allow the 
insertion of the welt hooks (not shown). The arrangement 
of the other cams is similar to that of FIGURE 7. 

For the formation of the after-welt and of the leg, or 
of plainstitches, the arrangement of the cams is the same 
as that provided for the formation of the welt (see FIG. 
7) apart from the change of the yarn. For the formation 
of tuck stitches, the arrangement of the cams is similar to 
that illustrated in FIGURE 4 wherein the two sets of cams 
39, 40 effect a one-in-four selection, i.e., in each set of 
four consecutive needles, three needles are raised and the 
fourth is kept lowered in each cycle. 
The cover or dial cap 54 of the needle cylinder is pro 

vided with two devices for clamping and cutting the yarn, 
each designed to act on the yarns of two adjacent feeds. 
For this purpose, (see FIGURE 9) the cover 54 is pro 
vided with a smail spring 55, a pincer 56 and scissors or 
shears 57, which is controlled by a tie rod 58. Angularly 
displaced therefrom around the cover is a second device 
comprising a spring 59, a pincer 60 and scissors 61 con 
trolled by a second tie rod 62. 
As shown in the embodiment of FIGURES 10 through 

31, a knitting machine comprises a frame 71, needle 
cylinder 72, a circular platform 73 surrounding the needle 
cylinder, on which are located the control members (not 
shown) radially outwards of the needle cylinder, for 
the control of the cam sets, the yarn-guides, and the vari 
ous drive members. Also provided are pulleys 74 which 
drive the main shaft 81 which carries gear 79 which 
meshes with gear 78 on shaft 76. Gear 78 meshes with 
a pinion 80 (FIGURE 12) which drives a rear shaft 
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6 
121. The shaft 81 also carries a bevel gear 83, through 
which the needle cylinder 72 is driven. The shaft 121 
drives cam 151, described below, for forming the rein 
forcement or splicing of the heel by introducing and 
withdrawing an additional yarn guide. A pin 85 mounted 
eccentrically on the gear 78 which is supported on the 
shaft 76 is connected to rod 86 to oscillate a sleeve 87. 
The sleeve 87 in turn has integral arms to which thrust 
rods 90 and 91 are pivoted at 88 and 89. The thrust rod 
90 acts on a toothed wheel 92 which is fixed to a shaft 
93 and which, through a set of gears 94, 95 and 96, ro 
tates the rear drum 97 which is the main cam drum of 
the machine, in such a way that the drum 97 is moved 
through a complete revolution during the formation of a 
stocking. The thrust rod 91 on the other hand acts on a 
ratchet wheel 99 (FIGURES 10-12) which is freely 
rotatable on the shaft 93 and is fixed to a sprocket wheel 
100 arranged to drive a chain 101 which is passed over 
idler sprocket wheels 100a, 100b and 100c which deter 
mine the configuration of the chain. Projections 101a are 
provided on the chain spaced apart according to the 
work to be performed and the projections 101a cyclically 
pass over the sprocket wheel 100. A sleeve 103 is freely 
movable on a shaft 102 arranged above the shaft 93 on 
the frame 71 and an arm 103a on the sleeve 103 is lifted 
with the passage of the projections 101a of the chain 101 
on the sprocket wheel 100 while an arm 103b on the 
sleeve 103 keeps the thrust rod 90 raised from the gear 
92 until the arm 103a has been lifted, so that the gear 
92 is moved by the oscillatory thrust rod 90 only when 
a projection 101a acts on the arm 103a of the sleeve 
103. A second sleeve 105 is mounted on the shaft 102 
to drive in a known cyclic manner, through the thrust rod 
106, a gear 107 (FIGURE 13) mounted on the shaft 93 
to control the length of the stitch by axially moving the 
cylinder. The sleeve 105 is oscillated through an arm 
108 integral therewith by a contact roller 109 on the arm 
which is urged resiliently into contact with the profile of 
a cam 110 which is mounted on the shaft 81. Accord 
ingly the arm 108 effect an oscillation at each revolution 
of the needle cylinder 72. On the same shaft 102 there 
is also mounted a third freely oscillating sleeve 112 which 
through an integral arm 112a may be moved by the chain 
101 through appropriate projections thereon similar to 
the projections 101a. This sleeve 112 through a second 
integral arm 112b is arranged to act on a lever 113 
which is mounted for oscillation on a support 114 and 
which through its own upper extension is arranged 113a 
to act on the oscillatory arm 108 of the sleeve 105. When 
a projection carried by the chain 101 is brought up to 
the arm 112a of the sleeve 112, the lever 113 is stressed 
in Such a way as to lift the roller 109 of the arm 108 
from the cam 112 thus stopping the oscillation of the 
arm 108. 
On a rear structure 71a of the main frame 71 of the 

machine is mounted the shaft 121 (see FIGURES 15-18) 
which is rotated by the gear 80 through one revolution 
for each revolution of the needle cylinder. The structure 
71a also forms around the shaft 121 a sheath 71b which 
is provided with a slot 122. A tubular member 123 shaped 
at the right-hand end (with respect to FIGURE 15) 
with a helical profile, is mounted freely on the sheath 
71b. A second tubular member 124 is mounted adjacent 
the member 123 on the same sheath 71b and is provided 
with a helical profile equivalent and complementary to 
that of the member 123. The matched helical profiles 
are indicated by 125. By means of a screw 126a longi 
tudinally slidable in the slot 122 the member 124 is held 
against rotation and is restricted to sliding axially on the 
sheath 71b. On the other hand the tubular member 123 
is rigidly fixed to a sleeve 126 fitting around the member 
123, the sleeve 126 being rigidly attached to an en 
circling gear 127 provided with a smooth portion 127a, 
that is without any teeth. A ratchet arm 128 acts on the 
gear 127 and is pivoted to the oscillating arm 108 (FIG 
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URE 13), which moves with the frequency of the needle 
cylinder. Thus the gear 127 and therefore the tubular 
member 123 are moved intermittently through a pre 
determined angle at each revolution of the needle cylin 
der until the smooth portion 127a (FIGURES 16 and 
17) of the gear 127 comes into coincidence with the 
claw 128a of the ratchet arm 128. A second sleeve 130 
is freely movable on the sleeve 126 and this second sleeve 
130 carries a gear 131. This gear 131 is driven by a gear 
132 (FIGURE 16) integral with a gear 133 forming 
part of a gear train 133, 134, 135 (FIGURE 13) carried 
by an oscillatory support 136 in such a way as to derive 
rotational motion from the main cam drum 97, which is 
provided with a geared rim for this purpose and which 
may be coincident with the geared rim 96 driving it. 
The gear 131 turns through one revolution during the 
formation of each stocking while the gear 127 rotates 
much faster during the period of time during which the 
splicing is formed, for example in the heel. In order to 
set the gear 127 in motion when this is located with the 
Smooth portion 127a under the claw 128a of the ratchet 
arm 128, a pin 140 is provided on the gear 131 and this 
pin is designed to act on a small spring 141 provided on 
the side of the gear 127. When during the slow rotation 
of the gear 131, the pin 140 contacts the spring 141, 
the gear 131 also entrains the gear 127 in a slow rotation 
until the claw 128a ceases to slide on the portion 127a 
of the gear 127 and begins to engage the teeth of the 
gear. In this way, the relatively slow rotation of the gear 
127 begins and this rotation carries on approximately 
for a complete revolution until the portion 127a returns 
under the claw 128a of the ratchet arm 128. The spring 
141 having in this way passed the pin 140, returns into 
position to receive the thrust of the pin 140 again after 
a complete formation cycle of the stocking. The rota 
tion of the gear 127 keeps on for a sufficient length of 
time for the splicing to be formed. The rotation of the 
gear 127 through one revolution also rotates the tubular 
member 123 through one revolution and in this way it 
urges the tubular member 124 by reason of the contact 
ing helical profiles, to slide axially to the right as viewed 
in FIGURE 15 until, after a complete revolution, when 
the gear 127 is about to be stopped, the tubular member 
124 trips to the left through the distance over which it 
had been gradually moved during the rotation of the 
gear 127. The member 124 is designed to act on an adjust 
ing ring 144 which is mounted in a sleeve member 145 
by means of a screw connection (see FIGURE 15) per 
mitting axial adjustment of the ring, the sleeve member 
145 being slidable on the shaft 121 and also connected 
to rotate therewith through a pin 146 which slides in a 
pair of slots 147 cut in the shaft 121 adjacent an axial 
hole 148 at the end thereof. In the hole 148 a spring 
149 is housed and this spring acts between an end plug 
150 and the pin i46 in such a way as to stress the 
whole assembly 145, 144 resting against the outer circu 
lar end of the tubular member 124, and also stress the 
member 124 to contact the member 123 to effect the 
above-mentioned return of the member 124. A tubular 
cam 151 provided with a recess 151a having a desired 
profile for the splicing formation is located on the alcove 
145. For control purposes, a suitable brake 152 is pro 
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vided on the gear 127. The operation of this device will 
hereinafter be described. 
Some of the cams of the drum 97 and the cam 151 

are designed to control the members mounted on the 
platform 73 surrounding the needle cylinder 72. For this 
purpose, tappet members of two different types cooper. 
ate with the drum 97. One type of tappet for direct control 
includes a thrust rod 155 (FIGURE 18) which is appro 
priately guided on the frame and which is engaged di 
rectly by the corresponding cam of the drum 97 and 
directly acts on members borne by the frame surrounding 
the needle cylinder. In particular one of the thrust rods 
155 (see especially FIGURES 14 and 18) acts on one 
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of the yarn-guides 156 which are located in the conven 
tional rear position with respect to the needle cylinder. 
These yarn-guides are formed by levers oscillating around 
a common pivot 157. Five such yarn-guides 156 are 
located at the A1 feed position as shown in FIGURE 19 
and can all be controlled by thrust rods like the thrust 
rod 155. On the pivot 157 of the yarn-guides 156, there 
is also provided a lever 158 whose inner end 158a is 
designed to act on a cam 159a provided in the sinker 
cam ring 160 surrounding the upper part of the needle 
cylinder (also FIGURE 24). As shown in the drawing, 
two cams 159a, 159b, are provided, one of which is con 
trolled by the lever 158. 
Cam drum 97 (see FIGURE 14) operates the tappets, 

one of which is denoted by 163. Each tappet is pivoted 
as at 164 and forms a rocker arm to which one end of 
the flexible cable 165 is fixed. Cable 165 slides in a sheath 
165a and serves to carry out various operations which 
will be hereinafter described. 
Some of the members connected with the yarn-guide 

system and the cam system required for the operation of 
this four feed position machine will now be described. 
As shown in FIGURES 14, 19, 20 and 25 the stationary 
annular structure 166, which is pivoted at 173 to be raised 
from the needle cylinder, carries by means of a bracket 
167 (FIGURE 25), the shaft 168 which controls the 
rotation of the cam plate for the welt hooks 169 and 
being in turn controlled in a known manner by a shaft 
170 (FIGURE 10), operated by a pair of bevel gears 
171. The annular structure 166 which is pivoted at 173 
to a support 174, mounted on the circular platform 73 is 
provided in addition to the extension 166a on which the 
yarn-guides 156 (FIGURE 14) and the lever 158 are 
pivoted at 157, with three other extensions 166b, 166c, 
166d to pivotally support other yarn guides. In particu 
lar, the extension 166b (FIGURES 19 and 20) pivotally 
Supports at 181 three yarn-guides 182 which are urged 
into the lowered position by springs 182a, while they 
are lifted from the lowered position to withdraw the yarn 
by means of levers 183 which engage under the yarn 
guides and are pivoted at 184 to a turret support 185 
mounted on the circular platform 73. The levers 183 
are controlled by flexible cables 186 which slide in sheaths 
187 fixed to an extension 185a of the support 185. The 
cables 186 are controlled like the cables 165 and 165a, 
previously described, by the cam drum 97. In addition, 
a bell crank lever 189 is pivoted at 188 to the support 
185 and this lever 189 is controlled by a sheathed flexible 
cable 190 which is operated just like the flexible cables 
186 and similarly to the flexible cables 165 of FIGURE 
14. This lever 189 acts on an arm 192 integral with a 
pin 193 (FIGURE 21) which extends in the radial direc 
tion on the structure surrounding the needle cylinder 
and which carries at the inner end thereof a cam 194 
angularly movable similarly to the cams 35, 36, 37 
previously described. In this way, they are moved by the 
needle lifting levers in the way already described, against 
the force of suitable return springs. 
On the extension 166d of the annular structure 166 a 

Second arrangement is provided having yarn-guides 196, 
this arrangement being equivalent to that supported by 
the Suporting member 185 and described above. 
Three yarn-guides 198 (FIGURE 20) are pivoted at 

197 on the extension 166c of the annular structure 166 
and these yarn-guides are lifted against the action of 
the return springs 199 by means of levers 200 pivoted at 
201 to a turret support 202. These levers 200 are moved 
by flexible cables 203 controlled in a manner to be de 
scribed hereinafter. Another lever 204 (FIGURE 19) 

70 is pivoted to the same pivot pin 201 and is provided with 
an inner arm 204a which is bent to form an elbow and 
extends under one of the levers 200a in such a way as to 
effect the lifting of the lever independently of the cable 
which directly controls the lever 200, for certain opera 
tions hereinafter described. Finally a lever 205 pivoted 
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to the support 202 by the pin 206 is controlled by the 
flexible cable 207 in the manner hereinafter described, 
to act on one cam 159b of the two cams 159 acting on the 
sinkers, the other of said cams 159a being controlled by 
the previously described lever 158a. 
The yarn-guides 156, 182, 198, 196 respectively provide 

the four feeds mentioned above in relation to the theory 
of operation represented in FIGURES 1-8. The lever 189 
pivoted to the support 185 and the lever 189a pivoted to 
the support 185a equivalent to that denoted by 185 for 
the yarn-guides 196, control the two pivoted cams 194, 
194a (FIGURE 21), relating to the second and the fourth 
feeds. In order to form tuck stitching, to the rear of the 
feed obtained with the yarn-guides 182 and to the rear of 
the feed obtained with the yarn-guides 196, there are 
provided two sets 208, 209 of slide cams for raising the 
needles (FIGURES 21 and 23), equivalent to the cam 
sets 39, 40 previously described. The cams 208 and the 
cams 209 are carried by pairs of supports 210 and 211 
respectively, and are urged by springs 212 and 213 re 
spectively towards the needle cylinder. The slide cams are, 
on the other hand, moved outwards into the inoperative 
position by means of bell crank levers 214, 215 respec 
tively pivoted to supports 216, 216a extending upwardly 
from the circular platform 73. A set of rotary cams 217 
and 218, which rotate in a continuous manner, are de 
signed to control the insertion and withdrawal of the 
cams 208 and 209 respectively through the bell crank 
levers 214 and 215. Levers 214 and 215 may also be se 
lectively, or simultaneously moved relative to rotary cams 
217 and 218 respectively by identical actuating means 
219 and 220 respectively. Since actuating means 219 and 
220 are identical, it is thought that a description of actuat 
ing means 220 will suffice. As shown in FIGURES 21 
and 23, actuating means 220 includes a number of fins 
220 (a) and 220(b) which are carried by coaxial shafts 
which are selectively rotatable by levers 223 and 224 re 
spectively. Levers 223 and 224 are controlled by tie rods 
225 and 226, which in turn are connected to two bell 
crank levers 227 and 228. The levers 227 and 228 are 
connected through tie rods 229 and 230 to levers 231 and 
232 which are pivoted at 233 and form the tappets con 
trolled by the cams of the main cam drum 97. The two 
fins 219 (FIGURE 21), coaxially arranged to act on the 
levers 214, are controlled in a similar manner. The sets 
of rotary cams 217 and 218 are rotated from a shaft 234 
(FIGURE 22) which is rotated by a gear 235 meshing 
with a geared rim 236, arranged on the main shaft 81 
controlling the needle cylinder. The shaft 234 drives the 
vertical shaft 217a of the cams 217 by means of a direct 
coupling formed by worm screw and gear coupling 237, 
while the shaft 218a of the rotary cams 218 is controlled 
by the gear 235 by means of a gear drive coupling 238 
which drives a small shaft 239 perpendicular to the shaft 
234 and coupled to the shaft 218a by means of a second 
worm screw and gear drive coupling 240. The control of 
the slide cams 208 and 209 is effected with one of the 
known systems used in circular machines for manufacture 
of stockings with tuck stitching. In addition, one of the 
sets of slide cams, in particular 209 is designed for the 
selection of the needles to form the welt. 
Through the mechanism described above in relation to 

FIGURES 9-24 the hosiery article or fabric is formed in 
the manner described in relation to FIGURES 1-8, whilst 
there is provided, in the set of yarn-guides 156 and in the 
set of yarn-guides 198, a special yarn-guide for an addi 
tional yarn which is designed to form splicing with the 
usual yarn for example at the heel of a stocking. This 
splicing is formed by adding the splicing yarn to the nor 
mal yarn over a pre-determined arc of the needle cylin 
der and also in accordance with needle selection, by low 
ering the yarn-guide as the needles of this arc arrive at 
the feed position for the splicing yarn and lifting the 
yarn-guide when the needles of this arc, which must pick 
up the splicing yarn, have passed this feed position. In the 
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arrangement shown, a splicing yarn is provided for at the 
feed position of the yarn-guides 156 and at the feed posi 
tion of the yarn-guides 198, so that a splicing yarn is lo 
cated in alternate courses with a plain yarn in the finished 
article. In order to control the raising and the lowering 
of that one of the yarn-guides 156 and 198 respectively, 
which has to carry the splicing yarn, the device already 
described and illustrated in detail in FIGURES 15, 16, 
17 and 18, is designed for this function. For this purpose, 
the yarn-guide 156 designed for the splicing yarn, is 
controlled by the thrust rod 155 (FIGURES 14 and 18). 
This rod is provided with a projection 155a, upon which 
a tappet 250 acts and is slidably guided in a housing 251 
formed in a support 252 integral with the structure 71a 
of the machine frame. The tappet 250 is urged by a spring 
253 towards the cam 151 already described, and is so 
arranged that it keeps the yarn-guide 156 for the splicing 
yarn raised until the tappet 250 enters the recess 151a of 
the cam 151. When this happens the yarn-guide is low 
ered and the splicing yarn is fed to the needles. The feed 
of this splicing yarn takes place over the entire arc cor 
responding to the length of the recess 151a. Independently 
of this motion imparted by the tappet 250, the yarn-guide 
156 under consideration may also be controlled by the 
drum 97 which acts directly on the associated thrust rod 
155. There is also provided a housing 256 for a second 
tappet 257 on the support 252, this second tappet 257 
being acted upon by the cam 151 after the tappet 250, so 
that it is lowered after the lowering of the tappet 250 
and raised again after the tappet 250 has been raised. 
The tappet 257 through a rod 258 (also see FIGURE 14) 
controls the lever 158, 158a for controlling the cam 159a 
which moves the sinkers inwardly for the purpose of 
slackening the stitch in the length wherein the reinforce 
ment or splicing is formed. Through this arrangement, and 
by means of the tappet 257, the sinkers are inserted after 
the introduction of the supplemental or splicing yarn 
through the control operated by the tappet 250 to effect 
a more regular formation of the article in the splicing 
area. Also the tappet 257 may be withdrawn from opera 
tion by a rod such as the thrust rod 155 always operated 
by the drum 97, the rod carrying a bracket 260 adapted 
to act on a lateral pin 261 extending out of the rod 258. 

In addition to the yarn supplied by one of the yarn 
guides 156, a supplementary, or splicing yarn is supplied 
by one of the yarn-guides 198, and a second pair of tap 
pets 263, 264 equivalent to the tappets 250, 257 are ar 
ranged to co-operate with the cam 151. For this purpose, 
a member 265 is adjustably mounted on the support 252, 
for instance by means of screws 266. The member 265 
forms two housings for the two tappets 263 and 264 re 
Spectively, which are arranged in the same sequence as 
the two previous tappets and at an angular distance from 
these tappets relative to the cam 151 corresponding to 
the angular distance between the feed effected with the 
yarn-guides 156 and the feed effected with the yarn 
guides 198. The tappet 263, through a stirrup 267 con 
trols the sheathed flexible cable 203 which in turn con 
trols the lever 200a (see FIGURE 19), pivoted to con 
trol one of the yarn-guides 198. Similarly the tappet 
264, through the stirrup 269, controls the flexible cable 
207 acting on the lever 205, previously described, which 
in turn acts on the cam 159b in a way equivalent to that 
in which the lever 158, controlled by the tappets 257,258 
acts on the other cam 159a. With this arrangement a feed 
of the supplementary or splicing yarn is effected with 
the required displacement between the first and the third 
feed along the same needles, and thus in the same zone 
of the fabric. The length of the arc over which the splicing 
yarn is fed in the two feed positions to form splicing 
under the control of the tappets 250, 257 and 263, 264 
is varied during the formation of the article since the 
cam 151, besides rotating one revolution for each revolu 
tion of the needle cylinder, advances in the axial direc 
tion by reason of the movement imposed on the units 
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151, 145, 144 by the axial movement of the tubular mem 
ber 124 caused by the slow rotation of the tubular mem 
ber 123 under the effect of the relative sliding of the 
helical profiles 125. As in the different axial sections, the 
length of the recess 151a of the cam 151 varies with the 
progressive axial displacement of the cam 151, it is pos 
sible to obtain a variation of the arc of needles which re 
ceive the splicing yarn. The profile of the reinforcement 
or splicing will be determined by the development of the 
profile of the recess 151a of the cam 151, so that varia 
tion of this profile must be determined through displace 
ment of the cam 151. The height of the splicing may be 
varied by varying the time over which the splicing yarn 
is fed. This is done by controlling the operation of tappets 
250, 257, 263,264 by means of thrust rod 155 which rides 
on cam drum 97 and which carries stirrup 155a which 
coacts with tappet 250 and bracket 260 which coact with 
tappet 257 whereby when bracket 260 is raised the as 
sociated cam 59b is withdrawn. In order to effect the 
withdrawal from operation of the tappets 263 and 264 
simultaneously with the withdrawal of the tappets 250, 
257 already described, a flexible cable control from the 
cam drum 97 (FIGURE 20), to the lever 204 may be 
provided to keep the lever 200a raised and thus render 
void the action of the tappet 263 which through the cable 
203 and lever 200a controls that one of the yarn guides 
198 which supplies the splicing yarn. In order to over 
come the operation of the tappet 264 there is provided a 
linkage operated frcm the bracket 260 to act on the tap 
pet 264; the linkage comprising a rod 273, a rocker arm : 
274 pivoted to the support 252, and a rod 275 which is 
forked at its lower end and fits on the rod of the tappet 
264 so as to withdraw the tappet from the cam 151 when 
the bracket 260 is raised. 
The assembly of members for forming the splicing, for 

example, in the region of the heel, is completed by a 
system for cutting the yarn when a yarn-guide for the 
splicing yarn is raised out of operation. This device is de 
signed to reduce to a minimum the length of the free ends 
of splicing yarn in order to avoid subsequent cutting op 
erations. To effect this, an extension 301 (see FIGURES 
25 to 31) is provided on the annular structure 166, 
pivoted at 173 to the support 174, a cranked lever 303 is 
pivoted at 302 to the extension 301 and this lever 303 
is controlled by a curved thrust rod 304, also operated by 
the cam drum 97, similarly to the thrust rods 155. Lever 
303 is adapted to engage a pin which is carried by a suc 
tion tube 306 and which passes through a slot in sheath 
307 whereby reciprocation of lever 303 raises and lowers 
tube 306. Tube 306 is connected at its upper end to a 
flexible tube 308 which is designed to create a partial 
vacuum in tube 306. At its lower end, tube 306 is pro 
vided with an enlarged mouth 306a, which is splayed at 
its lower end above the hook of the needles 310, and is 
located between the position at which the needles pick 
up the splicing yarn and the position at which the yarn 
is knitted. The mouth 306a is advantageously formed with 
two lips which extend downwardly. At the knitting posi 
tion, means are provided which can be inserted to cut 
the yarn, such means preferably comprising a small elec 
trical resistance wire 312. Both the resistance 312 and 
the mouth 306a are inserted in their active positions 
when the splicing is formed with the splicing yarn which 
is carried, for instance, by the yarn-guide 156a (see FIG 
URES 26 to 28). Immediately before starting the opera 
tion of the splicing yarn-guide 156a, under the control of 
the cam drum 97, the assembly 306, 306a is lowered by 
the thrust rod 304 placing the mouth 306a in its op 
erational position. The lever 303 (FIGURE 25) is also 
lowered and, by means of a tie rod 314, depresses the 
lever 315, which is pivoted at 315a (FIGURE 30) on a 
support 316 arranged on the annular structure 66. The 
lever 315 carries an element 38 pivoted at 317 about a 
vertical axis and this element 318 carries a small block 
of insulating material 318.a. A pair of terminals 319, con 
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nected to two small bars 320 (FIGURES 27 and 31) 
bearing the resistance 312, are mounted on this small 
block of insulating material 318a. The arrangement is 
Such that when the lever 303 is raised to withdraw the 
assembly 306, 306a from the operational position, the 
lever 315 is also raised about the pivot 315a of the sup 
port 316, to move the resistance 312 radially towards 
the outside of the operational zone of the needles. Simi 
larly when the lever 303 is lowered, the mouth 306a is 
lowered into the operational position and the resistance 
312 is inserted immediately above the knitting zone of 
the needles. It is to be noted that should a needle, owing 
to an irregularity or a breakdown of a butt, remain raised, 
it strikes against the resistance 312 and its supports 320, 
rotating the assembly 312, 320, 318 around the vertical 
pivot 317 in such a way as to move the whole assembly 
without serious damage to the members, both of the as 
sembly and of the needle cylinder. 
Through this arrangement, when a splicing yarn ceases 

to be picked up by the needles because the yarn-guide 
has been raised, a length of yarn (indicated by 322 in 
FIGURE 26) extends between the yarn-guide 156a and 
the last needle which has picked up the yarn. After 
the latter has knitted the yarn, the length 322 of the 
yarn is brought up to, and cut by the heated resistance 
wire 312 while it is between the two lips of the intake 
mouth 306a by suction. 

In order to facilitate the pick-up of the yarn by the 
needles when the yarn-guide 156a is lowered, a small 
forked member 324 (see FIGURES 26 to 28) is pro 
vided at the end of the yarn-guide 156a to engage the 
yarn, and thus lowers the yarn in such a way that the 
yarn issuing out of the hole of the yarn-guide 156a and 
engaged by the fork 324 is inserted between the needles, 
and is firmly grasped thereby. This arrangement allows 
the splicing yarn to be knit-in with a minimum length 
of free yarn extending from the knitted fabric. 
The resistance 312 may be heated as needed under 

the control of a suitable switch, operated by the thrust 
rod 304. 
A device like that described above for cutting the 

yarn of feed A3 is also provided adjacent yarn-guide 
198 as the operation of this device is controlled through 
a flexible cable extending from a tappet controlled by a 
cam of the drum 97. In this way both in the first and 
in the third feed positions the splicing yarn is fed, cut 
and picked up as described above. 
When only one of the feeds is operative, and in par 

ticular the feed corresponding to the yarn-guides 156 
(in particular for the start of the welt) and until the 
feeds are started with one of the yarn-guides 182, 198 
and 196, there is provision for avoiding the outwardly 
directed movement of the sinkers adjacent the three 
temporarily inoperative feeds. Therefore, while the pro 
file of the cam inside the ring 160 is fixed in the Zone 
330 (FIGURE 24) adjacent the yarn-guides 156, ad 
jacent the three inoperative feeds, the profile 331 is 
interrupted and a number of movable cams are inserted 
which are simultaneously operable. These movable cams 
332a, 332b, 332c, are pivoted at 333a, 333b, 333c, re 
spectively, in such a way that when they are moved 
radially inwardly they align themselves with the circu 
lar profile 331, in such a way that the sinkers are only 
withdrawn at the part 330 of the profile, this occurring 
when a single feed by the yarn-guides 156 at the start 
of the fabric is effected. The cams 332 are moved radial 
ly outwardly withdrawn as shown in broken lines in FIG. 
24, when a yarn feed 182, 198 or 196, at the respective 
feed station is operative. For the simultaneous control 
of these cams in the aforesaid positions, an arcuate 
element 334 is provided above the annular structure 
160 and this element is circumferentially slidable, being 
guided by supports 335 and 335a on the ring 160. The 
element 334 is provided respectively with inclined slots 
336a, 336b, 336c. Pins 337a, 337b, 337c, integral re 
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Spectively with the corresponding cams 332a, 332b, 332c 
extend into these slots. The arrangement is such that 
with the circumferential displacement of the arcuate ele 
ment 334 under the influence of spring 338 from the 
position shown in FIGURE 24 to the position in which 
it abuts the support 335a, the cams 332a, 332b, 332c, 
pass from a radially outwardly directed raised position 
into a position aligned with the profile 331. Therefore 
while the spring 338 tends to maintain the cams in 
alignment with the profile 331, by moving said arcuate 
element 334 clockwise, there is a simultaneous radial 
ly outward movement of the cams. This movement is 
effected immediately before the start of operation of 
the three feeds by the yarn-guides 182, 198 and 196, 
through a sheathed flexible cable 339, which is con 
trolled from the cam drum 97. The two end positions 
of the arcuate element 334 are defined by the two sup 
ports 335, 335a. 
While particular embodiments of the present inven 

tion have been illustrated in the drawings and described, 
it is not intended to limit the invention to such dis 
closure but variations and modifications may be made 
within the scope of the following claims. 

I claim: 
1. A circular knitting machine for the manufacture of 

stockings comprising: a main cam drum revolving once 
during the formation of each stocking, a continuously 
rotatable needle cylinder, needles and needle jacks slida 
bly mounted in said cylinder, four yarn guides cooperat 
ing with four feed stations, four stationary stitch cams, 
one at each yarn feed station, movable clearing cam 
means cooperating with said stitch cams respectively, to 
selectively clear the needles or permit them to fail to 
clear for tuck stitch formation, two of said clearing 
cam means comprising a group of slider cams slidable 
radially of the needle cylinder to act on the butts of said 
needle jacks, said groups of slider cans being separated 
from one another circumferentially of the needle cylinder 
by other of said movable clearing cams, a sinker cam 
track having a radial deviation corresponding to each 
feed station, means controlled by said main cam drum 
and controlling said clearing cam means to select needles 
for tuck stitch formation by said slider cams at alter 
nate feed stations and to select all needles for plain 
stitch formation at the intermediate feed station where 
by four courses, alternating between plain and tuck 
stitches, are formed during each revolution of the needle 
cylinder, pivoted cams in said sinker track at three of 
the four feed stations, said cams movable between an 
operative position deflecting the sinkers into the associ 
ated deviation and an inoperative position permitting 
said sinkers to travel without deflection at the associated 
feed station, means pivoting said cams to inoperative 
position when all of the feed guides at the associated 
station are withdrawn, a common operator for said three 
cams, said operator comprising an arcuate member hav 
ing slots therein inclined relative to said track, and 
pins on said pivoted cams engaging said slots whereby 
upon arcuate movement of said operator, said three 
pivoted cams are actuated simultaneously. 

2. A circular knitting machine for the manufacture of 
stockings comprising: a main cam drum revolving once 
during the formation of each stocking, a continuously 
rotatable needle cylinder, needles and needle jacks slida 
bly mounted in said cylinder, four yarn guides cooperat 
ing with four feed stations, four stationary stitch cams, 
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one at each yarn feed station, movable clearing cam 
means cooperating with said stitch cams respectively, to 
Selectively clear the needles or permit them to fail to 
clear for tuck stitch formation, two of said clearing cam 
means comprising a group of slider cams slidable radial 
ly of the needle cylinder to act on the butts of said 
needle jacks, said groups of slider cams being separated 
from one another circumferentially of the needle cylinder 
by other of said movable clearing cams, a sinker cam 
track having a radial deviation corresponding to each 
feed station, means controlled by said main cam drum 
and controlling said clearing cam means to select needles 
for tuck stitch formation by said slider cams at alter 
nate feed stations and to select all needles for plain 
Stitch formation at the intermediate feed stations where 
by four courses, alternating between plain and tuck 
stitches, are formed during each revolution of the needle 
cylinder, a yarn guide in a feed station associated with 
one of said movable clearing cams to feed a splicing 
yarn and operable by said main cam drum, said splic 
ing yarn guide including control means to lower and 
raise said guide during each revolution of the needle 
cylinder to insert yarn during a part of the revolution 
of the cylinder to provide a reinforcing yarn extend 
ing about a corresponding part of the stocking, a second 
splicing yarn guide in a second feed station operable 
to be inserted into operation, a cylindrical cam for 
controlling said splicing yarn guides, said cam being 
rotatable about its axis and movable axially, the sur 
face of said cam being shaped to form a cam surface 
corresponding to the desired splicing pattern, pairs of 
tappets cooperating with said cylindrical cam to con 
trol the splicing yarn guides and the sinker cams, said 
tappets being angularly spaced circumferentially of the 
cylindrical cam in accordance with the angular spacing 
of said splicing yarn guides circumferentially of the 
needle cylinder, and a suction device located adjacent a 
splicing guide and above the path of the needles be 
tween the yarn feed and yarn knitting positions to pick 
up the splicing yarn upon inactivation of the guide, said 
suction device having a mouth elongated along the path 
of movement of the needles, with two lips extending 
downwardly on opposite sides of said path. 
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