-1 Crcular Imtting machine, especially for the production of spacer
fabrics The invention relates to a circular knitting nmachine of the type
specified in the preanble of claiml1l. In circular knitting machi nes of
this type (e.g. DE 41 28 372 Al) three dinen- sions are fixed by the
relative position of the needle cylinder and of the dial, 5 these

di mensi ons bei ng described hereinafter as "axial conb spacing", "radi al
conb spaci ng" and "stitch spacing”. The axial conb spacing is given by the
spaci ng between the upper end face or_jthe stitch knocki ng-over edge of the
needl e cylinder and-the grounds or bases of the grooves which are fornmed in
the dial and which receive the dial needles, whilst the radial conb spacing
is 10 provided by the spacing between the Quter end face or the stitch
knocki ng- over edge of the dial and the bases of the grooves which are
formed in the needle cylinder and which receive the cylinder needles. The
two conb spacings defined in this manner finally fix the di nension
described as the stitch spacing (or stitch length), which is substantially
produced by the spacing between two 15 circular lines, of which the one is
provi ded by the outer circunferenti.al line of 2 the dial at the | evel of
its groove bases and the other is provided by the outer circunferential
line of the needle cylinder at the level of its groove bases. |In the
production of knitwear, using both the needle cylinder and the dial, it is
frequently desired to sel ect values which deviate fromthe standard val ues,
5 particularly l'arge val ues, for the spacings nentioned, especially the
stitch

Circular knitting machine, especially for the production of spacer fabrics

The tnvention relates to a circular knitting machine of the type specified in the
preamble of ¢laim 1.

In circnlar knitting machines of this type (e.g. DE 41 28 372 Al) three dimen-
sions are fixed by the relarive position of the needle cylindex a'ud of the dial,

5 these dimensions being described hereinafter as "axdal comb spacing™, "radial
comb spacing” and "stitch spacing™. The axial comb spacing is given by the
spacing between the upper end face or the stitch knocking-over edge of the
needle cylinder and the grounds or bases of the grooves which are formed i
the dial apd which receive the dial needles, whilst the radial comb spacing is

10 provided by the spacing between the outer end face or the stitch knocking-over
edge of the dial and the bases of the grooves which are formed in fhe needle
cylinder and which receive the cylinder needles. The two comb spacings
defined in this manger finally fix the dimension described as the stitch spacing
(or stitch length), which is substantially produced by the spacing between two

15 cireular fines, of which the one is provided by the outer circnmferential line of



spacing. This applies e.g. in the use of circular knitting nmachi nes of the
type descries d initially for the production of so-called "spacer

fabrics". This termis wunderstood to refer to knitted goods which conprise
essentially two -fabric webs produced solely with the needles of the
needl e cylinder or respectively solely 10 with the needl es of the dial,
these fabric webs being inter-connected b% thin internediate |ayers (e.g
DE 74 25 934 U, DE 28 50 823 Al). These fnter- nediate |ayers are forned
in that, betmeen the nethod steps intended for the production of the two
fabric webs, a nostly thin, nonofil connecting thread is inserted both
into the cylinder needles and into the dial needles and is worked 15 by the
latter in the manner of tuck stitches. The lengths of the sections of this
connecting thread which lie between the two fabric webs and thus al so the
total thickness of the spacer fabric depend substantially on the size of
the stitch spacing and are the |arger, the further the two above-nenti oned
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the stitch spacing is conparati- vely small, since e.g. the axial conb
spacing is a inumof approx. 5.6 nm and the radial conb spacing is a
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be produced is gesatiag.! This@sSick B3N in fe MR ot Bidit kﬁnﬂﬁg ad;als of the type
described initially for the production of so-called "spacer fabrics”. This term is
uniderstood to refer to knitted goods which comoprise essentiatly two fabric webs
_ produced solely with the needles of the needle cylinder or respectively solely
10 with the needes of the dial, these fabric webs being inter connected by thin
intermediate layers (e.g. DE 74 25 934 U1, DE 28 50 823 Al). These infer-
mediate layers are formed in that, between the method steps intended for the
production of the two fabric webs, a mostly thin, monofil connecting thrcad is
inserted both into the cylinder needles and into the dial needles and i is Worked
15 by the Iatter in the manner of tuck stitches. The Iengths of the sections of this
conmecting thread which lie between the two fabric webs and thus also the total
thickness of the spacer fabric depend substantially on the size of the stitch
spacing and are the larger, the further the two above-mentioned circular lines,
which define the stitch spacing, are spaced apart from one another.

20 When standard circular knitting machines having needle cylinders and dials are
used, which are suitzble also for other purposes, the stitch spacing is comparati-
vely small, since e.g. the axial comb spacing is a maximum of approx. 5.6 mm
and the radial comb spacing is a maximum of approx. 1 mm Even in circular
knitting machines in which the axial comb spacing is variable by axial dis-

25 Placement of the dial relative to the needle cylinder, as applies also to the



conb ipacing is fixedly pre-deternuxed by the external dianeter of the
needle cylinder and of the dial at a value of approx. 1 num 5 The snal

si ze of the maxi num axi al conb spacing is, inter alia, a consequence of
the | atch needl es usually used and of the small latch | engths or hinge

| engths of latch needles. Since nanely on the one hand the connecting

t hread, when being bound into the tuck pﬁsition, has to be inserted
substantlally sinmul tane- ously both into the cylinder needles and into the
di al needles, and on the other 10 hand during thread take-up the cylinder
and di al needles may only be raised at a maxinmumso far that in so doing
the ("ol d") stitches which are located in their hooks still remain on the
open needl e | atches and do not slide out over the |atches onto the needle
shafts, the axial conmb spacing is substantially limted by the latch

| ength of the knitting needles used. Corresponding limtations arise in 15
respect of the radial conb spacing and in the production of goods ot her
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it is already kno 002 nlarge the stitch spaci ng by
sel ecting the t\/\o%c?’o l%%é%‘llﬁggm ?cegé%&‘%“ ?ﬁ!@éﬁ%ﬂéu@aﬂhﬂ%ﬂ@f@@bl y three
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expl anati ons, " howgyfler dnliiof mAQi; Lesyppose that the cylinder needl es
and/ or di al needrgg can g§ra|se t%gr ﬁﬁ dﬁﬁ@Py far and to this end are

provi ded with correspondi ngly | ong Iatches whi ch despite the increased
rai sing nma poss,&_gl e an arrangement of the knitting needles in a tuck
posi tion. mall size of the maximum axial comb spacing is, inter alia, a consequence

of the latch needles wsually used and of the small Jatch Jengths or hinge lengths
of latch needles. Since namely on the one hand the connecting thread, when
being bound into the tuck position, has to be jnserted substantially simultane-
ously both into the cylinder needles and into the dial needles, and on the other
10 hand during thread take-up the cylinder and dial needles may only be raised at a
maximum so far that in so doing the ("old”) stitches which are located jn their
hooks still remain on the open needle Jatches and do mot slide out over the
latches onto the needle shafts, the axial comb spacing s substannally Iimited by
the laich length of the knitting needies used. Conespondmg limitations arise in

15 respect of the radial comb spacing and in the production of goods other than
spacer fabrics.

In connection with the production of spacer fabrics it is already known (US
2002/0152776 Al) to enlarge the stitch spacing by selecting the two comb
spacings at least twice as big and preferably three to four times as big as in

20 standard machines. In view of the above explanations, however, this would
presuppose that the cylinder needles and/or dial needles can be raised corte-
spondingly far and to this end are provided with correspondingly long latches
whjch despite: the increased raising make possible an arrangement of the
knitting needles in a tuck position.



The construction of a circular knitting machi ne taking into account these
requirements is possible in principle, but |leads to the di sadvantage of a
conpa- ratively large width of the knittg systens and/or a conparatively

| ow maxi - mum knitting speed. Depending on the speed at which the needle
cylinder and 5 the dial are rotated relative to a stationary cylinder cam
and dial cam (or the other way round), the raising and take-down curves of
the cylinder camand dial carl nay not exceed a pre-sel ected Maxi mum
steepness in order to avoid needle breakages. This inevitably results in a
certain mninmnumw dth of the individual knitting systens and | eads to
circular. knitting machi nes which can 10 have, on the circunference of a
needl e cylinder which has a dianeter of 30 inches, at the nbst approx. 48
knitting systens (approx. 1.6 knitting systens per inch). If for a
conplete stitch row of a spacer fabric, as is frequently the case, six

adj acent knitting, systens are required, at the nost therefore approx. 8
full stitch rows (ﬁ“ serstrpchiag ofy CWBFthtﬂtlrigabwhmecainmgﬂﬁtomcaduﬁméseper
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needle breakages. This inevitably results in a certain minimmmg width of the

individual knitting systems and leads to circalar. kmitfing machines which can

10 have, on the circumference of a needle cylinder which has a diameter of 30

mches, at the most approx. 48 knitting systems (approx. 1.6 kmitiing systems

per inch). If for a complete stitch row of g spacer fabric, as is frequently the

case, six adjacent kruitting systems are required, at the most therefore approx. 8

full stitch rows or sections of knitted fabric can be produced per revolution of
15 the needle cylinder.

Proceeding from this, the technical problem underlying the present invention is
50 to develop the circular k:uittiﬂg machine of the type mentioned initially that

despite a comparatively large maximum stitch spacing, it can be operated with
smaller system widths and/or at higher speeds.

20 Characterising features of claim 1 serve to solve this problem.

The invention proceeds from the ides that, when compound needles are used it
ought to be possible to raise their needle parts and thus their hooks 'at compara-
ble speeds far higher with steeper cams than is possible with latch needles, and
in so doing 5o to control the opening and closing of the hooks with the aid of



in so doing so to control the opening and cl osing of the hooks with the aid
of 5 the slide parts, that the old stitches if necessary formtuck stitches
even when the needle parts are raised high wi thout sliding out of the
needl e hooks. Experinents have confirmed that this assunption is correct
and that conb spacings of 14 mmor nore may be easily realised with
conpound needles. In 5 addition to the ad¥antages known per se of conpound
needl es (e.g. DE 38 21 213 C2), there artfses thus above all the advantage
that the invention | eads to a high-performance machi ne which may be
equi pped with 72 and nore knitting systens for a needle cylinder dianeter
of 30 inches, and may be operated at speeds which are usual with the
machi nes known previously. The resulting 10 increase in efficiency is 50%
Furt her advantageous features arise fromthe subordinate clains. 15 20 The
i nvention is explained in greater detail below with the aid of an enbodi -
ment in conjunction wth the acconpanyi ng drawi ngs. These show. Fi g 1l a
schematic | ongi t utherstifie partst thanthe brdwﬁgiﬂeﬁfﬁwe&u}y%rdi%ktshﬂﬂes@eng
according to the mgvrggg %P,m as a neegl e cylinder and Fig. 2
schematical |y, the production JPdpurs themeerie heplse ul ar
knitting machine E&mmgaammﬁﬁgmdmmgassampﬁdmesmrl:@ahﬁ&/mattdaﬁmdevel oped
view of a cam of gingd 600 B df Hhdve may be easily realised with compound needles. In
5 addition to the advantages_ known per se of compound needles {e.g. DE 38 21

213 C2), there arises thus above all the advartage that the jnvention leads to a

high-performance machine which may be equipped with 72 and more knitting

systems for a needle cylinder diameter of 30 inches, and may be operated at

speeds which are usual with the machines known previously. The resnlting

10 increase in efficiency is 50%.

Further advantageous features arise from the subordinate claims,

The invention is explained in greater detail below with the aid of an embodi-
ment in corjunction with the accompanying drawings. These show:

Fig. 1 a schematic longitudinal section through a circular knitting ma-
i5 chine according to the invention, which has a needle cylinder and
' a dial;
Fig. 2 schematically, the production of a spacer fabric using the circular

knitting machioe according to Fig. 1;

Fig. 3 schematically, the developed view of a cam of the circular knit-

20 ting machine according to the invention and according to Fig, 1;
and



ting machi ne according to the invention and according to Fig. 1; and 6
Figs- 4 to 11 schematically, sections through the circular knitting nmachine
of Fig. 1 along lines NIV to IXIX of Fig. 3. According to Fig. 1, a
circular knitting machi ne, represented only schematical- |y, contains a
first needle bed in the formof a circulating needle cylinder 1, 5 which is
provided with axially parallel grooves which are not shown in greater
detail and in which first knitting needles in the formof cylinder needl es
2 are nounted so as to be displaceable In a vertical direction. A first
cam surroun- ding the needle cylir 1 and in the formof a cylinder cam3
has camp which are not shown, which co-operate with butts of the cylinder
needl es 2, 10 also not shown, in order to provide these with the necessary
raising and taking- down novenents in an axial direction.. Above the needle
cylinder 1 is arraniged a second needle bed in the formof a dial 4, which
Is provided with radial grooves, not shown in detail, which extend

per pendi cul arly wFigs- # & pecthemmtitatie, grivy @sondh thé ciri®e thRtidVhidielor 1 and in

15 whi ch second knitting negdles,.in.th r di_al needles 5 are nounted
so as to be radially dispﬁg'éa ann5ﬁ§$%9f%££%3éﬁaaﬁis arranged a second

camin the formof a dial cans. 6, which has camparts which are not shown
and which -coopergte with butts of the dial ne_edl es 5 which are al so not
shown, in order t W?%F%@‘gt ke eirgier nifthig masbise s mpresanzed Sinlygschsthtical-
taki ng- down 1moventicentains & fifsdécdle bed @n fe"ES bPY circulating needle cylinder 1,
— 5 which is provided with axially parallel grooves which are not shown in greater
detail and in whicfh first knitting needles in the form of cylinder needles 2 are
mounted so as to be displaceable in a vertical direction. A first cam surroun-
ding the needle cylinder 1 and in the form of a cylinder cam 3 has cam pasts
which are not shown, which co-operate with butts of the cylinder needles 2,
10 also not shown, in order to provide these with the necessary raising and taking-

down movements in an axial dircction.

Above the needle cylinder 1 is arranged a second needle bed in the form of a
dial 4, which is provided with radial grooves, not shown in detail, which extend
perpendiculatly with respect to the grooves of the needle cylinder 1 and in

15 which second knitting needles in the form of dial needles 5 are mounted 5o as
to be radially displaceable. Above the dial 4 is arranged a second cam in the
form of a dial cam 6, which has eam parts which, are not shown and which
cooperate with butts of the dial needles 5 which are also not shown, in order to

provide these with the necessary raising and taking-down movements in a radial
20 direction.

Moreover it is clear that a plurality of knitting systems is disposed along the
circumference of the needle cylinder 1 and the surface of the dial 4, these
systems having the necessary cam parts for raising or taking down the cylinder
needles and/or the dial needies 2, 5.



Moreover it is clear that a plurality of Bitting systens is disposed al ong
the circunference of the needle cylinder 1 and the surface of the dial 4,
these systens having the necessary camparts for raising or taking down
the cylinder needles and/or the dial needles 2, 5. -7 In circular knitting
machi nes of this type, for the purposes of the present invention a value x
whi ch corresponds to the spacing betmeen_qn_upper end face or stitch
knocki ng- over edge of the needle cylinder "1 and the grounds or bases of
t he grooves of the dial 4 which receive the dial needles 5, is designa 5
ted as the vertical conb spacing, and a di nension X between the external
end face or stitch knocking-over edge of the dial 4 and the bases of the
grooves of the needle cylinder 1 which receive the cylinder needles 2 is
designated as the horizontal conb spacing on the other hand. Moreover as
the stitch length or stitch spacing z is designated a dinension which is
provi ded substnn2ially by the 10 spaci ng between two circular lines 7 and
8, of which the ofecialagkniginghyachines oﬂﬁis&fpeQEerﬂéTﬁﬂﬁ&@ﬁB%eﬂdégfnm the dial
y

4 at the level of ybSi09L0848 and the ofher is_ provide t he outer
circunferential line of the n’ggezi;é TYHFPRRE, 1o fhegpacipg betyespan wpperiand gy oove

bases. Gircul ar kifAct OF ficnimopkinggvapfedgdwfthe y@aleayiindeh @i aid GRESAkIA9 Gy AT €
gener 1L knoun Kol e b oS Bk B O TER T 12
present di stl osur B8 theagricdl qoapephaing mod aldimensiop yomewden e xidrtial b6d be
produced wi th thefset bEstith knotihd-bD ARCH NEARCE UL D Bases of the grooves of
the needle cylinder 1 which receive the cylinder 'needles 2 is designated as the
horizontal comb spacing on the other hand. Moreover as the stitch length or
stitch spacing z is designated a dimension which is provided substantially by the
10 spacing between two circular lines 7 and 8, of which the one is given by the
outer circumferential line of the dial 4 at the level of its groove bases and the
other is provided by the outer circumferential line of the needle cylinder 1 at
the level of its groove bases.

Circular knitting machines of this type and their operation are generally known
15 to the expert, e.g. from the document DE 41 28 372 Al, which is hereby
incorporated by reference in the subject matter of the present disclosure to

avoid repetitions,

If a spacer fabric is to be produced with the circular knitting machine according
to Fig. 1, it is possible to proceed e.g. as per Fig. 2 in which the cylinder and

20 dial meedles 2, 5 are schematically indicated by lines and the stitches formed by
the cylinder and dial peedles 2, 5 are schematically indicated by circles O and
10. In a first method step, or respectively system S1, for example a first thread
is taken up solely from dial needles 5 and worked into stitches 9, by which
means a fabric web in the form of a rib hose 23 formed on the djal 4 is

25 produced (cf. also Fig. 4). In a second method step, or respectively system 82,



to Fig. 1, it is possible to proceed e.g. as per Fig_ 2 in which the
cylinder and 20 dial needles 2, 5 are schematically indicated by |ines and
the stitches farmed by the cylinder and dial needles 2, 5 are schet tally
indicated by circles 9 and 10. In a first nethod step, or respectively
system S1, for exanple a first thread is taken up solely fromdial needles
5 and worked into stitches 9, by. which neans a fabric web in the form of
arib hose 23 formed on the dial 4 is 25‘§roduced (cf. also Fig. 4). In a
second nmethod step, or respectively system 82, a a second thread is for
exanpl e taken up solely by the cylinder needles 2 and worked into stitches
10, by which neans a fabric web in the formof a cylinder hose fornmed on
the needle cylinder 1 is produced (cf. also pig. 5). Finally in a third
met hod step, or respectively knitting system S3, a connecting thread 11 is
5 inserted both into selected cylinder needles and into selected dial
needles 2, 5 and worked or laid-in by the latter as a tuck stitch, which
is indicated in Figscomi thitdd & 0P BkdniPiOifen | Y i S @@r de for
t he connecting th&e d %@ be . inserted Jﬁl |ﬁm£§§§§%g@@%% ?ﬁ%@r and
dial needle 2, 5, ?%E‘L Gstiches 10, hygwigeh mgausp febricawe) iddlehformiof bsylinder
cylinder and di alhae&dines o thexebdtp bAGAR PH phlnes GRUL AN 89,00t Pi ck
up the connectinqhﬁEEF d %és Long and shongﬁggshégpq%%regéganl@%ﬁfnPhe
associ ated needl| es have o PS"W?FFFF“’&’rYelmé‘:B%S'éEH‘tS?’a a|conugeyngothread A b it er
di stance fSom t heinsretedibeth ligadelenall @ligds ebalidsafd Wid FlGp R benaSS]ci at ed
therewith. In twog '&gfgg sl d.steps, of respectivel knLttfng systens
S4 and S5, the 1b ??dft.ch ?%“rl %ngﬁ 134s? B puchs afitge Sl gajedtip Fii t i ng
systems S | and 3%.2 @ntigwqus line. Provision is here made for the connecting thread to be
inserted only in every second cylinder and dial needle 2, 5, in each case
A indicated by a long dash, whilst the cylinder and dial needles 2, 5 represented
10 as short dashes do ot pick up the connecting thread 11, Long and short dashes
here mean that the associated needles have butts which are spaced at a lesser or

greater distance from the needle head and are selected with cam parts associated
therewith.

In two additional method steps, or respectively knitting systems 84 and S5, the
15 stitch formation is carried out Sirnilarly to knitting systems S1 and §2. On the
other hand in a sixth method step, or respectively knitting system S6, the
procedure is the same as in knitting system S3 but with the difference that now
a connecting thread 12 is only taken up by the cylinder or dial needles 2, 5
indicated by short dashes and worked into a tuck stitch. For a complete cycle
20 or section of the spacer fabric, therefore, six successive knitting systems SI to
' S6 are required, However numerous other types of knitting are also possible,
as is known to the expert. For the explanation of further details, reference is
made to documents DE 74 25 934 U1, DE 28 50 823 Al and US 2002/0152
776 Al, which are hereby incorporated by reference in the subject matter of the
25 present disclosure. Moreover it goes without saying that the finished spacer
fabric comprises two layers or surfaces produced independently of one anofher
which are held together by a third intermediate layer formed with the conmec-



other hand in a sixth nmethod step, or respectively knitting system S6, the
procedure is the sane as in knitting system S3 but wth the difference that
now a connecting thread 12 is only taken up by the cylinder or dial
needles 2, 5 indicated by short dashes and worked into a tuck stitch. For
a conplete cycle 20 or section of the spacer fabric, therefore, six
successive knitting systens Sl to S6 aregrequired. However nunerous ot her
types of knitting are also possible, as is known to the expert. For the
expl anation of further details, reference is nade to documents DE 74 25
934 Ul, DE 28 50 823 Al and SUS 2002/ 0152 776 Al , which are hereby

I ncorporated by reference in the subject matter of the 25 present

di scl osure. Mreover it goes w thout saying that the finished spacer

fabric conprises two | ayers or surfaces produced i ndependently of one
another which are held together by a third internmediate |layer fornmed with
the connec 9 ting threads 11, 12. As Fig. 1 shows, the stitch spacing z

det ermi nes the | efns Hresfls ihel2secti ons of the connecting threads 11, 12
extending fromthe cylinder needles 2 to the dial needles 5 or vice versa,
and this also the thickness of the internmediate layer. 5 In standard

machi nes this thiagl t he_ di nensi o X 1S
e.g. 5.5 mmand t K ?edﬁgvﬁﬁﬁ@@% %X&ﬁgyzlﬁ%%bmes &ﬁefnégttboﬁf tgﬁéecﬁ??é 0:ﬁlan i t

is inportant that t°3 aﬂ@d@mﬁww aplinder hedlizh 2nedad ddd whi ch,
as is Shown in Fﬁ@meas\mmcm@a %@%&%1 8 the! diRctll @ﬂ_.ks ave needl e
hooks b5a ti ot al Iatc es Sp. In cgnventlona stﬁee ?déa??r&v?m t he
needl e | at ches 5b ﬁ%ﬁ@%%@@%ﬂywmsmbﬂethemﬂpoﬁl tion

clear fromFig. L_msre £N8.6 nén and the dimension y is.e.g. 1.05 mm. Here on the one hand

it is froportant that standard machines are equipped with latch needles which, as
is shown in Fig, 1 with the example of the dial needles 5, have needle hooks Sa
and pivotal latches 5b. In convenrional stitch formation, the needle Iatches 5h

10 are therefore pivoted either into the open position clear‘ from Fig, 1 or inio a
closed position in which they abut against the needle hooks 5a and hold these
closed. On the other hand it is important that the dial needles 5, if they are to
take up jointly with the cylinder needles 2 a connecting thread supplied by a
thread guide 14 (e.g. the cormecting thread 11 in Fig. 2), may not be ralsed

15 radially beyond the position clear from Fig. 1, since otherwise the old stiiches
held by the needle hooks 5a would slide under the latches 5b onto the shafts of
the dial needles 5 and then be worked into a stitch. The formation of tuck
stitches, which is prodnced by ihe additional insertion of the connecting thread
11 or 12 into a needle hook 52, which also still holds the old stitch, would then

20 be impossible. The same applies to the cylinder needles 2.

In contrast to this, provision is made according to the invention for at least one
of the two needle beds, which in the embodiment given by way of example is
the needle cylinder 1, to be equipped with compound needles. The cylinder
needles 2 are consequently provided with needle parts 15 and slide parts 16

25 which are displaceable parallel and in a vertical direction relative to one



cl osed position in which they abut against the needl e hooks 5a and hol d
these closed. On the other hand it is inportant that the dial needles 5,

if they are to take up jointly with the cylinder needles 2 a connecting
thread suppliced by a thread guide 14 (e.g. the connecting thread 1l in
Fig. 2), may not be raised 15 radially beyond the position clear fromFig.
1, since otherwise the old stitches helpupy t he needl e hooks 5a woul d
slide under the | atches 5b onto the shafts of the dial needles 5 and then
be worked into a stitch. The formation of tuck stitches, which is produced
by the additional insertion of the connecting thread 11 or 12 into a
needl e hook 5a, which also still holds the old stitch, would then 20 be

i npossi bl e. The sane applies to the cylinder needles 2. In contrast to
this, provision is nmade according to the invention for at |east one of the
two needl e beds, which in the enbodi nent given by way of exanple is the
needl e cylinder 1, to be equi pped with conpound needl es. The cylinder

needles 2 are co‘nQ@Qﬂ!FEnﬁlbyli(iﬁrMﬂﬁdgniohﬂnem&besﬁli@in%ﬁﬁtﬁén&@ﬂp%hk‘iﬁ parts 16
25 which are disp " I and..in rtical . direction relative to
one - 10 anot her {(ﬁé@@%@gaﬁ%ﬁ)ﬁ@&nﬁ tlég’a’(eo"‘ pends geadle n ¢ he
needl e parts 15 begks 18dpaiilstitheyslife garts3)6 ard provided sl Meip agges edds idV@iadt t heir
upper ends needl eg J‘RQK,%;?ﬁea]:.s ' |ide parts 1 re, provided at

t heir upper, ends wih sl vde tfﬁgh%%hﬁg?%b ﬁéﬁﬁ@“ﬂ%e%ﬁgkﬁ“PH%§ié&%aopen or
close the redl e FEBweE knoyvm perige.q The pylinder calrbusropadingsthe nddite G¥inigder cam 3
surroundi ng t he nR&dchehi€ ¥dsk RekShditid ' ' e_not individually
illustrated cam pﬁr%s, whi ch coopg?ﬁ??%ﬁ?%&lhﬁjﬁ%%’o ciaﬁ.:go Eé‘ﬂf’végand slide
parts 15, 16 whi cA" rof tg nesdis gpd didewarts 13 16vchich arealso not shown, in order to

impart to these the necessary movements for opening or closing the needle
hooks 15.1 and for picking up threads. Compound needles and their control
10 systems are also known to the expert, so that e.g. document DE 38 21 214 C2

is hereby incorporated in the subject matter of the present disclosure to avoid
repetitions,

I an embodiment of the invention which is currently held to be the best,
provision is also made to select the vertical comb spacing X, with an unaltered
15 horizontal comb spacing y, substantially larger than in standard machines and
give it for example a value of 14 mm which with ¥ = 1.05 mm leads to a value
of approx. 14.04 mun for the dimension Z. No special measures have to be
taken to bring this about, as is explained below with the aid of Figs. 3 to 11.

According to Fig. 3, the needle part 15 of the compound needle 2 has for
20 example a shaft 15.2 with a rear 15.3 Iying on the base of an associated Zroove
of the needle cylinder 1. Adjoining the shaft 15.2 upwards is a breast portion
13.4 which merges into the needle hook 15.1 along a section 15.5 which
recedes obliquely towards the rear side. The slot formed in the shaft 15.2 and
in the breast portion 15.4 and accomevodating the slide part 16 is so configured
25 that the needle paxt 15 moves to-and-fro between a position in which its hook



I npart to these the necessary novenents for opening or closing the needle
hooks 15.1 and for picking up threads. Conpound needles and their control
10 systens are al so known to the expert, so that e,g. docunent DE 38 21 214
C2 is hereby incorporated in the subject matter of the present disclosure
to avoid repetitions. In an enbodi nent of the invention which is currently
held to be the best, provision is also de to select the vertical conb
spacing x, with an unaltered 15 hori zontal” conb spacing y, substantially

| arger than in standard nmachines and give it for exanple a value of 14 mm
which with y T 1,05 mmleads to a value of approx. 14.04 mmfor the

di mension z. No special neasures have to be taken to bring this about, as
is explained belowwith the aid of Figs. 3 to 11 _ According to Fig. 3, the
needl e part 15 of the conpound needle 2 has for 20 exanple a shaft 15.2
with a rear 15.3 lying on the base of an associ ated groove of the needle
cylinder 1. Adjoining the shaft 15.2 upwards is a breast portion 15. 4

whi ch ner ges i nt ol8.hds witlgtthwen hubeknthi: $mahqmgq@m§&@5bﬁﬁm%é WhinGh} 1 recedes

oL, e SRy e B B e o s
configured 25 t hakodkhid. Iniselitpesep abdve hijanany dial ﬁmgs indand 8RR 18 AYSi tion
in which its hoakpdfed Ian.tl nder I he upper edge of
}:he niedl evac]yl Irln?ﬁ{g i dé r&;ﬁdhﬁré?gi‘i%% y P‘%S@?lea‘d- |a?°'r0611;'120e?r from
I g I n I C é‘@mﬂé’ Iﬂsapﬂted cplivadee 1 o6l sHERR highen
needl es 5, and ther pkdes R B4 &l a 05|t| n.,.n which the
%czﬁ: ﬁla]ﬁomrq% ‘?her % IEF gﬁrbé‘??ﬁ y under the

slide tip 16.1 is disp osed elt acco
upper edge of theP?fB@ﬁ wﬁa@ed q_onnamousmsghgmynhngmrdmnpmfmb1y

at Jeast at its front side facing away from the needie cylinder 1, in order not to
preveut or respectively fo make possible the stitch formation explained below.

10 Fig. 3 shows the exemplary knitting curves for the stitch formations explained
with the aid of systems S1 to S3 in Fig. 2, the Tunning direction of the needles
2, 5 being given by an arrow v. Moreover a contimious line 18 represents a
curve along which the needle hooks 15.1 of the cylinder needles 2 move. A
broken line 19 gives the course of the slide tip 16.1 of the eylinder needles 2.

15 Finally a segmented lune 20 shows a path along which the hooks 5a of the dial
needles 5 move through systems S1 to S3.

On system 81, a row of a rib hose is produced similar to Fig. 2. To this end,
the dial needles 5 are pushed forward radially outwards along a path section
20.1, which ends at a path section 20.2 cortesponding to the kmitting position,
20 in order to open the hooks 5a, and thereafter is drawn away radially inwards
along a path seetion 20.3 in order to pick up a thread 2.1 from a thread guide
22, work it into a stitch and thus form a first cloih surface or layer, i.e. a rib

hose 23 (Figs. 2 and 4). The compound needles 2 are held in system S1 in a
pass position.



or lower, as is described in nore detail further on. Mreover the breast
portion 15.4 is configured continuously straight in an axial direction
preferably at least at its front side facing away fromthe needl e cylinder
1, in order not to prevent or respectively t.o make possible the stitch
formati on expl ai ned below. 10 Fig. 3 shows the exenplary knitting curves
for the stitch formations explained wth the aid of systems Si to S3 in
Fig. 2, the running direction of the needt®s 2, 5 being given by an arrow
W Mreover a continuous line IS represents a curve along which the needl e
hooks 15.1 of the cylinder needles 2 nove. A broken line 19 gives the
course of the slide tip 16.1 of .the cylinder needles 2. 15 Finally a
segnented |ine 20 shows a path al ong which the hooks 5a of the dial

needl es 5 nove through systens Si to S3_ On system S1, a row of a rib hose
I's produced simlar to Fig. 2_ To this end, the dial needles 5 are pushed
forward radially outwards along a path section 20.1, which ends at a path

section 20.2 corr ésmmsngme(milhﬁedmis febdith ,aqsg,,mdpﬁmlggs ¢d§1u%£,d]§ ope{]h
ong a pa

t he hooks 5a, and s drawn .a radi al

section 20.3 in order to pi 8&%&%%?@3@?%“?%#‘&%% 22, work
it into a stitch easton Hus fTbe slide raits 36 herk GhikalHUehaE 3 8 Dodiddtin wilicfmed "1 D
hose 23 (Figs- 2 gmﬂ@w'[r}ge%%%g n edI es %e?rcgcqq%r;gqekn S staﬂrgtf i in a
pass positign. -12 1In"system N 18y hdr awn
pass p05|t|§ wh Mﬁ@’hﬂ#@ddl'&qsahetmdléhodkstibﬁ aﬁeﬁmudldrhékﬁﬁﬁhﬁs 2 are

initially rai sed SdcfRD192 Rakibhed arts 16 here
|n|t|aIIyrenalnwaposmlonln vl\)mch dezjssupp ed by a thread guide
be inserted into it when the needle parts 15 are again drawn away along

a path section 18.3 and simultaneously the slide parts 16 are initially raised
slightly along a path section 19.1 and then, together with needle parts 16, are

10 drawn: away along a path section 19.2 i order thus to close the hooks 15.1. In
this way, the thread 25 is picked up by hooks 15.1 and worked into stitches, by
which means a cloth face or layer is produced on the compound needles 2, i.e.
a cylinder hose 26 (Figs. 2 and 5 to D.

| Later on, first the dial needles 5 are raised in system 83 along a path section
15 20.4 which ends at a path section 20.5 corresponding to the tuck position. At a
slight delay thereafter, the needle parts 15 are raised along a path section 18.4
antil a path section 18.5, corresponding to the tuck position, is reached. The
slide parts 16 here still remain in their Iow position drawn back under the upper
edge of the needle cylinder 1 (Fig, 8). However in this position the slide tips
20 16.1 are in a centra] region of the hreast portion 15.4 in such a way that they
are also still below old stitches 27 hanging on the breast portions 15.4 and
. formed in a previous system. Further it is to note, that the cylinder and dial
needles 2, 5 may be selected in system $3 in accordance with Fig. 2, whereas
the non-selected needles remnain in run-through or pass position, not shown.

25



slide tips 16.1 are di sposed bel ow the upper edge (circular line 8 in Fig.
1) of 5 the needle cylinder 1. |bus the needl e hooks 15.1 are opened when a
path section 18.2 is reached, such that a second thread 25 supplied by a
thread guide 24 can be inserted-into it when the needle parts 15 are again
drawn away along a path section 18.3 and simnmultaneously the slide parts 16
are initially raised slightly along a path section 19.1 and then, together
with needle parts 16, are 10 drawn away along a path section 19.2 in order
thus to close the hooks 15.1. In this way, the thread 25 is picked up by
hooks 15.1 and worked into stitches, by which neans a cloth- face or |ayer
I s produced on the conpound needles 2, i.e. acyl i nder hose 26
(Figs. 2 and 5t o .0 Later on, first the dial needles 5 are raised in
system $3 along a path section 15 20.4 which ends at a path section 20.5
corresponding to the tuck position. At a slight delay thereafter, the
needl e parts 15 are raised along a path section 18.4 until a path section
18.5, correspondi g in partivudar (R 18 shows,t drothe onshdh&&l@&h&d(ﬂeﬁ&% 1554rh Gse@arts 16 -

here still remai ”dtcf‘sdcﬂ 'hﬁ I bac under. the upper edge of
the needl e cyli nder i h \)%9 \ﬁfe#/l%rrh %“BEQP‘ESP%FP‘{VF\QWS‘.{l%@fU ps 20

16.1 are in a cenflﬁeéiiﬁ eeﬁesmitetﬁqéarwmmngmoronlﬁe@thbﬂhﬂd%mwvay t hat
t he are al so st hdel I he brea ortions
/ 10 e ook o ) s B e S el e

15.4 and fornmed in_ a preyi ous system
cylinder artl di al °® & &idey of theipylindes nendles 2t eBherefiors yigt conneSng thread gor dance

with Fig. 2, \/\here:aSalsotFig n%dggbﬁpgegqseﬁg@gmﬁaﬂig%| | m.t hr ough or
pass position, notee§lf1 % - 13 | ﬂtol?othHrp t}r
as Fig. 8 shows, which purpose the thread guide 14, also visible in
Fig. 1, serves.

The needle parts 15 and with them the hooks 15.1 are now drawn down again

10 along a path section 18.6 whilst substantially at the same time the dial needles 5
are withdrawn along a path section 20.6. In this process, as in particular Fig. 9
shows, the slide parts 16 remain in their withdrawn posmon until the old
stitches 27 reach the sections 15.5 of neadle parts 15 (Fig. 3) which are located
befween the breast portions 15.4 and the hooks 15.1 and extend at an angle

15 towards the rear sides, and are drawn towards the rear sides of the needle parts
15 by the pull of the cylinder hose 26. Unlike in the formation of stitches, the
slide parts 16 are only raised along a path section 19.3 (Figs. 3 and 10) when
t_hc old stitches 27 lie securely on the inner sides of the slide tips 16.1.
Therefore the old stitches 27, in contrast to Figs. 6 and 7, are not thrown off

20 but, as the needle parts 15 continue to be drawn away, are conveyed along path

- section 18.6 back into the needle hooks 15.1 (Fig. 11). Therefore at the end of

path section 18.6, both the old stitches 27 and loops 28 of the newly insexrted
thread 11 are located in hooks 15 -1, as is usual in tuck constructions (Figs. 10
and 11). Correspondingly, the dial needles 5 are so drawn away along path

25 section 20.6 that the loops 28 of the fnsertion thread 11 are bound in their
hooks 5a as tuck sfitches, and long thread loops 28 are produced which extend
between knitted hoses 23 and 26. Then the needles 2 and 5 are retumed to



As in Particular Fig. 8 shows, on the one hand the needle parts 15 are
raised into such a bigh PGsitid| that their hooks 15. 1 are di sposed
above the plane of the dial needles despite, the -large conb Vacing A On
the other hand the dial needles 5 am pushed forward so far radially
outwards that their hooks 5a stand 5 On the front Sides of the cylinder
needl es 2. Therefore the con¥ting thread 4_I (Cf also Figs. 1 and 2) can
be i T=rted sfinultaneously into both types of r |oodles, as Fig- 8 Shows,
whi ch purpose the thread guide 14, also vjsible in Fig. 1, serves. The
needl e parts 15 and with themthe hooks 15.1 are now drawn (town again 10
along a path section 18.6 whilst substanffitily at the saine tine the dial
needles 5 are withdrawn along a path section 20.6. In this process, as in
particular Fig. 9 shows, the slide parts 16 remain M their w th&wn
position until the old stitches 27 reach the sections 15.5 of needle parts
15 (Fig. 3) which are located between the breast portions 15A and the
hooks 15. 1 and eeéridsiapostouaitd. d 1}l&ich GARHOS subbQudn® Hsteti SP g )T © dr awn

towards the rear a&gﬁﬁﬂ%kﬁg§%£§¥éaé@¥ rts 15 by the pull of the cylinder

hose 26. Unlike in the formation ‘ches. the slide parts 16 are only
rai sed along a path section 19.3 (Figs. 3 and 10) when the old stitches 27
lie securely an the inner sides of the slide tips 16. 1. Therefore the old
stitches 27, in cOWREWatcexplyined gath the 2id of Figs.a3 ® Hofor b kivauka koftfing Reknbnét , as
the ne~dl e parts hdvagoniatddBmbpiieh Vi al.o pat h
section 18-§ back i.ﬁ!Ino t'hgg nee(;IFe %%@R@%ﬁﬁ%ﬁe@%&ﬁgﬁlacﬁ at the
end of path sect FOH§&EN0BAVig i85  camb rspasing 12 by dhectashesond RO 4 t he
new y inseited tbeismstlektbd anfficlefiBodnR. i1 AQekS, the dibi nddle! § Wiiidde | N tuck
constructions (FiﬁEMa}%'
compound needles. Tt would naturally also be possible to provide a
large stitch spacing z in that both the cylinder and the dial needies are formed

as slide needles and both the vertical and the horizontal comb spé.lcings xory
1_0 are selected larger than ysual.

In all the cases described, the particular advantage is achieved that the system
.width ean be kept refatively small as a result of the use of compound needles,
and that, when customary speeds are used, system widths of 2.4 systems per
inch of the needle cylinder dismeter can easily be realised, which corresponds
15 to a system width of approx. 33 mm when measured in the circumferential
direction. This is exploited according to the invention in order to equip the

circular knitting machine with more than 48, preferably at least 72, kouitting
systems.

The invention is not limited to the described embodiment but can be modified
20 m many ways. This is true for example for the needle cams described with the
aid of Fig. 3 which can be altered ¢.g. in that the needle parts 15 in system $2
are raised to the same height (cf. path section 18.5) as applies to system §3,
Furthermore, the designation “compound needle” is intended also to include
modified compound n%dlgs (e.g. US 1,385,929, US-Re 15 741). Finally it



and 11). Corx~espondi Wy, the dial needles 5 are so drawn away al ong path
25 secilon 20.6 that the | oops 28 of the insertion tlwead 11 are bound in
their hooks S& as tack stitches, and long thread | oops 28 are produced

whi ch extend between knitted hoses 23 and 26. Then the needles 2 and 5 are
returned to -14 .their basic positioxt (Fig. 11) such that in a subsequent
system S4 (Fig. 2) the described processgs can be repeated. What was
explained with the aid of Figs_ 3 to 11 for a circular knitting nmachi ne
having a | arge conb spacing x, can be realised correspondingly in a
circular 5 knitting machi ne having a | arge conb spacing y, by the dianeter
of the dial 4 being selected sufficiently small. In this case, the dial
needl es 5 would be formed as conmpound needles. It would naturally al so be
possible to provide a large stitch spacing z in that both the cylinder and
the dial needles are formed as slide needles and both the vertical and the
hori zontal conb spacings x or y 10 are selected |larger than usual. In al
the cases descri bews witheutsayieg thad the vaihue fiia0@e dab a6 Bt epRid ih@het he system
wi dt h can be kept s atal I result qof the use of conpound

needl es, and tha%%ﬂ\ﬁgh%%%}%%’%rdf%ﬁ? @Psém d, systemw dths of 2.4
systens per inch of the needle cylinder dianeter can easily be realised,
whi ch corresponds 15 to a systemw dth of approx. 33 nm when neasured in
the circunferential direction. This is exploited according to the
invention in order to equip the <circular knitting machine with nore than
48, preferably at least 72, knitting systens.



The invention is not limted to the described enbodi nent but can be
nodified 20 ill many ways. This is true for exanple for the needl e cans
described with the aid of Fig. 3 which can be altered e.g. in that the
needl e parts 15 in system S2 are raised to the same height (cf. path
section 18.5) as applies to system 83- 1gFurthernore, the designation
"conmpound needl e" is intended also to include nodified conpound needl es
(e.g. US 1,385,929, US Re 15 741). Finally it goes wthout saying that the
various feat UCLEAINESY al so be applied in other conbinations than those
described and illustrated.. - 16 CLAIMS: 1. Crcular knitting machi ne

conpri si ng: first. needl e bed ipn the formof a needle cylinder which has
grooves fora]['i rsté’ﬁﬂiﬁ?ﬁqﬂtﬁnﬁ%&@;wgwmﬁ earn for controlling the first
knitting needles; a secppgdi e Geddfdhd RorkVE o Iféremecgyliﬁdé}‘\ﬁhcﬂ‘ﬂbscgrgp@és

grooves for second Kiiitting needles; and a second"cam for cont 1 hg the
second knitting nefedfies knittiveg needtesneed| e beds fixing a vertical and a

hori zontal conb spacin X as 1. a stitch s ing (z); wherein the
two needl e beds are setgaﬁfﬁt ?@f%ﬁﬁi@@%ﬁ?ﬂrﬂfﬁ%\%ﬁéﬂg@ﬁﬁof at least 6 nm
and the knitting needl epse@bndrhectiRAseH iR AR ORE AF 8 dRE W 1idHEhas ER Ve WieHc iRl
conmpound needl| es having hooks. 2. Circular knitting machi ne according to

claim1, wherein thpétisgneediesspadi ng of
a second cam for controlling the second knitting needles, the
two needle beds fixing a vertical and a horizontal comb spacing
(%, y) as well as a stitch spacing (z);
wherein the two needle beds are set up to form a stitch spacing (z) of
at least 6 mm and the knitting needles of at least one needle bed are

configured as compound needles having hooks.

2. Circular knitting machine according to claim 1, wherein the stitch spacing of
at least 6 mm is achieved predominantly by a correspondingly large axial comb

spacing (x) and the first knitting needles are configured as compound needles.

3. Circular knitting machine according to claim 1 or 2, wherein the two cams are
so configured that both the first knitting needles and the second knitting
needles may be brought into a tuck position in which their hooks are arranged

above or respectively in front of the respective other knitting needles.

4. Circular knitting machine according to claim 1, 2 or 3, wherein the second

knitting needles are configured as compound needles.



at least 6 nmis achieved predom nantly by a correspondingly |arge axial
conb spacing (x) and the first knitting needles are configured as conpound
needles. 3. Circular knitting machine according to claiml or 2, wherein
the two cans are so configured that both the first knitting needl es and
the second knitting needles may be brewght into a tuck position in which
their hooks are arranged above or respectively in front of the respective
other knitting needles. 4. Circular knitting nmachine according to claim1l

2 or 3, whergint i bt} | ound
ool 0. 17 o R e P
precedi ng cl ai ns, wheteineilarge nupabgeofimithiag syftetoni($1 tn§p)sys tmnsiate8 witlothS6)

iated with th dl.e b t ,dth of th t i
Sl For than or camPeepirte I el abtn Fer bndnmen et e AR aray: nder

di aneter. to 1.6 systems per inch of the needle cylinder diameter.



