
1  Circular knitting machine, especially for the production of spacer
fabrics  The invention relates to a circular knitting machine of the type
specified in the  preamble of claim 1. In circular knitting machines of
this type (e.g. DE 41 28 372 Al) three dimen- sions are fixed by the
relative position of the needle cylinder and of the dial, 5 these
dimensions being described hereinafter as "axial 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 in
the dial and 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 the needle  cylinder and which receive the cylinder needles. The
two comb spacings  defined in this manner finally fix the dimension
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
provided by the outer circumferential line of -2- the dial at the level of
its groove bases and the other is provided by the outer  circumferential
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 select values which deviate from the standard values,
5 particularly large values, for the spacings mentioned, especially the
stitch  spacing. This applies e.g. in the use of circular knitting machines
of the type  



described initially for the production of so-called "spacer fabrics". This
term is  understood to refer to knitted goods which comprise essentially
two-fabric webs  produced solely with the needles of the needle cylinder or
respectively solely 10 with the needles of the dial, these fabric webs
being inter-connected by thin  intermediate layers (e.g. DE 74 25 934 UI,
DE 28 50 823 Al). These inter- mediate layers are formed in that, between
the method steps intended for the  production of the two fabric webs, a
mostly thin, monofii 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 also the total
thickness of the spacer fabric depend substantially on the size of the
stitch  spacing and are the larger, the thither 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 suitable 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 3- above-mentioned
known circular knitting machines, the maximum axial comb  spacing which can
be produced is generally less than 6 mm, whilst the radial  comb spacing is
fixedly predetermined by the external diameter of the needle  cylinder and
of the dial at a value of approx. 1 mm. 



5 The small size of the maximum axial comb spacing is, inter alia, a
consequence  of the latch needles usually used and of the small latch
lengths 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
inserted 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 in their  hooks still
remain on the open needle latches and do not slide out over the  latches
onto the needle shafts, the axial comb spacing is substantially limited by
the latch length of the knitting needles used. Corresponding 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 tine
cylinder needles and/or dial needles can be raised corre- spondingly far
and to this end are provided with correspondingly long latches  which
despite the increased raising make possible an arrangement of the  knitting
needles in a tuck position. -4- The construction of a circular knitting
machine taking into account these  requirements is possible in principle,
but leads to the disadvantage of a compa- 



ratively large width of the knitting systems and/or a comparatively low
maxi- mum knitting speed- Depending on the speed at which the needle
cylinder and  the dial are rotated relative to a stationary cylinder cam
and dial cam (or the  other way round), the raising and takedown curves of
the cylinder cars and  dial care may not exceed a pre-selected maximum
steepness in order to avoid  needle breakages. This inevitably results in a
certain minimum width of the  individual knitting systems and leads to
circular. knitting machines which can  have, on the circumference of a
needle cylinder which has a diameter of 30  inches, at the most approx. 48
knitting systems (approx. 1.6 knitting systems  per inch). If for a
complete stitch row of a spacer fabrip, as is frequently the  case, six
adjacent knitting systems are required, at the most therefore approx. 8
full stitch rows or sections of knitted fabric can' be produced per
revolution of  the needle cylinder. Proceeding from this, the technical
problem underlying the present invention is  so to develop the circular
knitting 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 burner speeds. One aspect of the present
invention provides a circular knitting machine comprising: a  first needle
bed in the form. of a needle cylinder which has grooves for first knitting
needles; a first cam for controlling the first knitting needles; a second
needle bed in the form  of a dial which has grooves for second knitting
needles; and a second cam for controlling  the second knitting needles, the
two needle beds fixing a vertical and a horizontal comb  spacing (x, 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. The invention proceeds
from the idea 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 so to control the opening and closing of the hooks with the aid of
s  the slide parts, that the old stitches if necessary form tuck stitches
even when  the needle parts are raised high without sliding out of the
needle hooks.  Experiments have confirmed .that this assumption is correct
and that comb  spacings of 14 mm or more 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 advantage
that the invention 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 resulting 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 conjunction with the accompanying drawings. These show: Fig. 1 a
schematic longitudinal section through a circular knitting ma- 15 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 machine 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 6-
Figs- 4 to 11 schematically, sections through the circular knitting machine
of Fig. 1 along fines N-IV to IX-IX of Fig. 3. According to Fig. 1, a
circular knitting machine, represented only schematical- ly, contains a
first needle bed in the form of 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 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 parts  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 direction. 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  perpendicularly 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 so as  to be radially displaceable. Above the dial 4 is arranged a
second cam in the  form of a dial cam 6, which has cam 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 needles 2, 5. -7- In circular
knitting machines of this type, for the purposes of the present  invention
a value x which corresponds to the spacing between an upper end  face or
stitch knocking-over edge of the needle cylinder 1 and the grounds or
bases of the grooves of the dial 4 which receive the dial needles 5, is
designa 5 ted as the vertical comb spacing, and a dimension y 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 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. i t 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 needles 2, 5 are schematically indicated by lines and
the stitches formed by the cylinder and dial needles 2, 5 are schematically
indicated by circles 9 and  10. In a first method step, or respectively
system Si, 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
nib hose 23 formed on the dial 4 is 25 produced (cf. also Fig. 4). In a
second method step, or respectively system 82, -8- a second thread is for
example taken up solely by the cylinder needles 2 and  worked into stitches
10, by which means a fabric web in the form of a cylinder  hose formed on
the needle cylinder 1 is produced (cf. also Fig. 5). Finally in a  third
method 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 Fig. 2  by a'continuous 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  indicated by a long dash, whilst the
cylinder and dial needles 2, 5 represented 10 as short dashes do not 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
S4 and S5, the  15 stitch formation is carried out similarly to knitting
systems Si and S2. 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 tack stitch. For
a complete cycle  20 or section of the spacer fabric, therefore, six
successive knitting systems S1 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 Ul, 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
another  which are held together by a third intermediate layer formed with
the comiec ting threads 11, 12. As Fig. 1 shows, the stitch spacing z
determines the length of the sections of  the connecting threads 11, 12
extending from the cylinder needles 2 to the dial  needles 5 or vice versa,
and thus also the thickness of the intermediate layer. 5 In standard
machines this thickness is comparatively small since the dimension  x is
e.g. 5.5 mm and the dimension y is e.g. 1.05 mm. Here on the one hand  it
is important 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 conventional stitch formation, the
needle latches Sb 10 are therefore pivoted either into the open position
clear from Fig. 1 or into a  closed position in which they abut against the
needle hooks Sa 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 connecting thread 11 in Fig. 2), may not be
raised 15 radially beyond the position clear from Fig. 1, since otherwise
the old stitches  held by the needle hooks 5a would slide under the latches
5b onto the shafts of  the dial needles 5 and thou 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 needle hook 5a, 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 -10- another, the
slide parts being mounted to slide in slots in the needle parts 15  (cf.
especially Fig. 3). The needle parts 15 have at their upper ends needle
hooks 15.1, whilst the slide parts 16 are provided at their upper ends with
slide  tips 16- 1, by means of which they can open or close the needle
hooks 15.1 in a 5 manner known per se. The cylinder cam 3 surrounding the
needle cylinder 1  has in this case not individually illustrated cam parts,
which cooperate with  butts of the needle and slide parts 15, 16 which are
also 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. In 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 y = 1.05 mm leads to a value  of approx. 14.04 mm 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 lying on the base of an associated groove  of the needle
cylinder 1. Adjoining the shaft 15.2 upwards is a breast portion  15.4
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 accommodating the slide part 16 is so
configured 25 that the needle part 15 moves to-and-fro between a position
in which its hook -I1- 15.1 is withdrawn substantially under the upper edge
of the needle cylinder 1  (circular line 8) and the raised position clear
from Fig. 1 in which the needle  hook 15.1 is disposed above adjacent dial
needles 5, and the slide part 16 can  be held in a position in which the
slide tip 16.1 is disposed either according to  5 Fig. 1 directly under the
upper edge of the needle cylinder 1, or slightly higher  or lower, as is
described in more detail further on. Moreover the breast  portion 15.4 is
configured continuously straight in an axial direction preferably  at least
at its front side facing away from the needle cylinder 1, in order not to  



prevent or respectively to 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
running direction of the needles  2, 5 being given by an arrow M. Moreover
a continuous 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 cylinder needles 2. 15 Finally a segmented line 20
shows a path along which the hooks 5a of the dial  needles 5 move through
systems Si to S3_ 1 % On system S1, 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
corresponding to the knitting position, 20 in order to open the hooks 5a,
and thereafter is drawn away radially inwards  along a path section 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 cloth surface or layer, i.e. a rib  hose 23
(Figs. 2 and 4). The compound needles 2 are held in system Si in a  pass
position. -12- In system S2, the dial needles 5 remain in a withdrawn pass
position, whilst the  needle parts 15 of the compound needles 2 are
initially raised along a path  section 18.1. The slide parts 16 here
initially remain in a position in which the  slide tips 16.1 are disposed
below the upper edge (circular line 8 in Fig. 1) of 5 the needle cylinder
i. Thus the needle 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 15 are again parts 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 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 means a cloth-face or layer is produced
on the compound needles 2, i.e.  a cylinder hose 26 (Figs. 2 and 5 to 7).
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  until a path section 18.5, corresponding to the
tuck position, is reached. The ( slide parts 16 here still remain in their
low 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 central
region of the breast 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 S3 in accordance with Fig. 2, whereas  the
non-selected needles remain in run-through or pass position, not shown.  25
13- As in particular Fig. 8 shows, on the one hand the needle parts 15 are
raised  into such a high position that their hooks 15.1 are disposed above
the plane of  the dial needles despite the large comb spacing x. On the
other had the dial  needles 5 are pushed forward so far radially outwards
that their hooks 5a stand 5 on the front sides of the cylinder needles 2.
Therefore the connecting thread I1  



(cf. also Figs. 1 and 2) can be inserted simultaneously into both types of
needles, as Fig. 8 shows, which purpose the thread guide 14, also visible
in  Fig. 1, serves. The needle pans 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 position until the old  stitches 27 reach the sections 15.5
of needle parts 15 (Fig. 3) which are located  between 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  (.: the
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 inserted  thread I1 are located in books 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 insertion thread 11 are bound in their  hooks Sa as tuck stitches, and
long thread loops 28 are produced which extend  between knitted hoses 23
and 26. Then the needles 2 and 5 are returned to -14- 



their basic position (Fig. 11) such that in a subsequent system S4 (Fig. 2)
the  described processes can be repeated. What was explained with the aid
of Figs. 3 to 11 for a circular knitting machine  having a large comb
spacing Ar, can be realised correspondingly in a circular 5 knitting
machine having a large comb spacing y, by the diameter of the dial 4  being
selected sufficiently small. In this case, the dial needles 5 would be
formed as compound needles. It would naturally also 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 horizontal comb
spacings x or y  10 are selected larger than usual. In all the cases
described, the particular advantage is achieved that the system  width can
be kept relatively 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 diameter 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, knitting  systems. The invention is not limited to the
described embodiment but can be modified  20 in many ways. This is true for
example for the needle cams described with the  aid of Fig. 3 which can be
altered e.g. in that the needle parts 15 in system S2  are raised to the
samue height (e path section 18.5) as applies to system S3.  Furthermore,
the designation "compound needle" is intended also to include  modified
compound needles (e.g. US 1,385,929, US-Re 15 741). Finally it 



-15- goes without saying that the various features can also be applied in
other  combinations than those described and illustrated. (:1 - 16- CLAIMS:
1. Circular knitting machine comprising: a first needle bed in the form of
a needle cylinder which has grooves  for first knitting needles; a first
cam for controlling the first knitting needles; a second needle bed in the
form of a dial which has grooves for second  knitting needles; and a second
cam for controlling the second knitting needles, the  two needle beds
fixing a vertical and a horizontal comb spacing (x, 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 nun 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. -17- 5. Circular
knitting machine according to any one of the preceding claims, wherein a
large number of knitting systems (S 1 to S6) are associated with the  two
needle beds, the width of these systems being smaller than or corresponds
to 1.6 systems per inch of the needle cylinder diameter. r - 18 Circular
Knitting Machine, especially for the Production of Spacer Fabrics  Abstract
A circular knitting machine is described which is intended to serve in
particular the  production of spacer fabrics. The circular knitting machine
contains a needle cylinder  (1) having cylinder needles (2), a cylinder cam
(3), a dial (4) with needles (5) and a  dial cam (6). The needle cylinder
(1) and the dial (4) fix a vertical and a horizontal  comb spacing (x, y)
and a stitch spacing (z). According to the invention, the needle  cylinder
(1) and the dial (4) are set up to form a stitch spacing (z) of at least 6
mm,  and the knitting needles (2, 5) of the needle cylinder (1) and/or the
dial (4) are in the  form of compound needles. Fig. 1 




