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Circular Knitting Machine

The invention concerns a circular knitting machine with a support disk and needle cylinder
aftached to it with screws.

Known circular knitting machines of this type, if designed as high-performance machines
(for example, cylinder diameter 762 mm, 45 rpm, 96 systems), can heat up strongly,
especially in the region of the cam and cylinder. The temperature differences caused by
this lead to different heat expansion between the individual components. Numerous: |
expedients are therefore already known, wiﬂi which it is possibie to compenséte for
different heat expansions. Such expedients are used, for example, to compensate for
radial expansion in the region of the bearings of the generally annular support disks that
carry the needle cylinders (DE 28 29 678 C2), to compensate for different radial heat
expansion between the needle cylinders and sinker rings (DE 33 16 382 C2), to avoid
deformation of the cam rings (DE 34 28 855 C2), or to compensate for axial displace-
ments that can result in undesired changes in comb spacing, i.e., the spacing between the
needle cylinder and dial in the knitting region (DE 41 28 372 Al). &,‘

It has now been found that different heat expansions in the lower reglon of the needle
cylinder can also occur especially where it is connected to the support ‘disk. Temperature
differences of 25 °C for example, are reached between these two parts, especially during
running up of the circular knitting machine. One reason for this is probably poor heat
transfer between the needle cylinder and. the support disk, since the needle cylindé_r’ is
attached to the support d1sk with only a few, for example six, screws distributed-li-h the
peripheral direction and does not or only inadequately lie - in the regions lying between
the fastening sites - on the support disk especially if additional washers are used. Asa

result, the needle cylindef is heated more strongly than the support disk, and is therefore

deformed radially more strongly than the disk. Significant stressesthre created between
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the two components, which lead to strong distortion, especially in the needle cylinder,
since it can buckle and bulge convexly in uncontrolled fashion between the fastening sites.
If the friction force in the region of the fastening sites is no longer sufficient, the needle
cylinder breaks off at one or more fastening sites, so that persistent radial displacements
are produced between the needle cylinder and support disk that lead to unroundness of the
needle cylinder. Such eccentricities lead to different spacings between the needle cylinder
and the cam surface sarrounding it during operation of the circular knitting machine, to
different spacings between the knitting needles situated in the needle cylinder and the
thread guides mounted in the machine frame, and therefore to an adverse effect on the
quality of the knitwear being produced. Different comb spacings can also be produced by
this.

Experiments have surprisingly led to the result that this problem cannot be avoided simply
by using more and/or stronger screws for fastening of the needle cylinder to the support
disk. Compensation means of the type described above might be of additional help, but
would lead to costly design solutions and to solutions not always desired for other reasons.
This is particularly true when an attempt is made to improve heat transfer between the
needle cylinder and support disk, because this would lead to warping in the region of the
bearings of the support disk and the means of compensation would have to be provided in
the bearing region (DE 28 29 678 C2).

The invention is, therefore, supposed to solve the technical problem of designing a
circular knitting machine of the generic type mentioned at the outset with simple design
means, so that the needle cylinder expands essentially uniformly in the radial direction on

occurrence of temperature differences and critical roundness errors are avoided.

To solve this problem, it is proposed according to the invention to arrange an intermediate
ring between the support disk and needle cylinder which ring is elastically deformable in
the radial direction. '

Advantages of this invention are that the region between the needle cylinder and the
support disk is configured elastically, so that this region can match with the expanding

needle cylinder, and that the stresses (forces) in the screw connections become smaller.
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On this account, the needle cylinder can expand radially more uniformly, avoiding

buckling and breaking.
Additional advantageous features of the invention are apparent from the subclaims.

The invention is further explained below in conjunction with the accompanying drawings

P

by means of preferred embodiments. In the drawings:

Fig. 1 shows a schematic axial section through a first embodiment of a circular knitting

machine according to the invention;

Figures 2 and 3 are enlarged partial sections according to Fig. 1 in different radial planes
of a second embodiment of the circular knitting machine according to the invention;

Fig. 4 shows a bottom view in the direction of arrow x of Fig. 1 to the circular knitting
machine according to Figures 2 and 3,

Figures S and 6 are rough schematic views of the expansion behavior of a needle cylinder

without and with an intermediate ring according to the invention;

Fig. 7 shows a section corresponding to Fig. 2 through a third embodiment of the circular
knitting machine according to the invention; and

Fig. 8 shows a schematic front view of the circular knitting machine according to Fig. 7,
for example, from the right in Fig. 7.

Only the parts of a circular knitting machine necessary to understand the invention are
shown in the drawings. The other parts of a circular knitting machine (for example, DE
40 07 253 C2) are known to one skilled in the art and therefore need not be further
explained.

The circular knitting machine according to Figures 1 to 3 contains a frame with a
stationary base plate 1, in which a sup;iort disk 2, generally designed annular, is mounted
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to rotate. The support disk 2 can be provided on its periphery with a toothing 3, which
engages with a drive pinion that can be rotated by a machine drive (not shown). A needle
cylinder 4 is supported on support disk 2, which is equipped in known fashion with
knitting tools 5 in the form of needles or the like, and, when support disk 2 is driven, can
rotate together with it around a vertical needle cylinder axis. The needle cylinder 4 is
also enclosed by a stationary cylinder cam 6, which has cam parts that act on the butts of
the knitting tools 5 and is mounted on a generally also annular support 7, mounted on the
base plate 1. |

The needle cylinder 4 is provided on the upper end in known fashion with a sinker ring 8,
which lies, for example, on shoulders 9 of webs or walls inserted into the needle cylinder
4, and is equipped with knitting tools 10 in the form of sinkers. A stationary sinker cam
11 has cam parts acting on the butté of the knitting tools, is mounted on supports 12
rigidly connected to base plate 1 and is arranged above the sinker ring 8. Moreover, a
thread guide ring 14, carrying thread guides 15 used to feed thread (not shown) to the
knitting tools 5, 10 can also be mounted on additional stationary columns.

An intermediate ring 17, designed elastically deformable in the radial direction, is
arranged according to the invention between support disk 2 and needle cylinder 4. As
shown in Fig. 1, the intermediate ring 17 can consist, for example, of a hollow cylindrical
shoulder or collar sufficiently thin in the radial direction and molded onto the lower end
of the needle cylinder 4, and can be fastened to the support disk 2 by means of first
screws 18 that extend through the support disk. As an alternative, the intermediate ring
17 can also be an appropriately designed collar, but one molded onto support d1sk 2.
"Elastically deformable”, in the context of the invention, is understood to mean that the
intermediate ring 17 can expand slightly radially in the elastic region, just enough so that
the tension forces occurring in intermediate ring 17 are taken up by screws 18 and the
needle cylinder 4 can essentially expand uniformly elastically even in its lower region,
i.e., directly above the intermediate ring 17, when the usual temperature and stress
differences between support disk 2 and needle cylinder 4 occur during operation. In this
manner, the heat expansion can be made reversible, i.e., the needle cylinder no longer
breaks off in the region of the screw connections, but is deformed back into the original

shape during cooling of the circular knitting machine, so that eccentricities remain within
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In a variant of the invention that is now deemed best, an intermediate ring 17a according
to Figures 2 and 3 consists of a loose ring, produced in one piece neither with the needle
cylinder 4 nor with the support disk 2. The intermediate ring 17a is fastened to needle
cylinder 4 with first screws 19 and to support disk 2 with second screws 20. For this
purpose, the intermediate ring 17a is provided, on the one hand, with through holes 21
and, on the other hand, with threaded holes 22, while the needle cylinder 4, on its lower
end, has threaded holes 23 allocated to the first screws 19 and the support disk 2 has
through holes 24 allocated to the second screws 20. The through holes 21 in intermediate
ring 17a are preferably provided with an offset shoulder and designed so that they fully
accommodate and can support the heads of screws 19. Fastening of needle cylinder 4 to
support disk 2 then occurs by first fastening the intermediate ring 17a with the first screws
19 on needle cylinder 4 and mounting the assembly so formed onto the support disk 2, in
order to tighten the second screws 20, inserted from the bottom through the holes 24, in
the threaded holes 22 of intermediate ring 17a, the heads of screws 20, like those of
screws 18 in Fig. 1, being supported on the bottom of intermediate ring 17a or 17,

respectively .

In addition, means for axial height adjustment of the needle cylinder 4 can be prbvided.
Such means contain, for example, one or more washers or spacers 36 arranged between
intermediate ring 17, 17a and support disk 2. The spacing of the intermediate ring 17,
17a, and therefore the needle cylinder 4, from the top of support disk 2 can be precisely
adjusted by choosing the correct number of spacers 36, arranged one above the other.
Depending on the number of spacers 36, the intermediate ring 17, 17a is therefore
supported on support disk 2 either only on the fastening sites or spacers 36, or more or

less with its entire surface over its entire periphery.

As shown in Fig. 4, in particular, the first and second screws 19, 20 are preferably
distributed in the peripheral direction of support disk 2 and needle cylinder 4, so that they
all lie in different radial planes (with reference to the needle cylinder axis) and lie on a
common circular arc with their axes. On this account, it is possible to choose the width

of the intermediate ring 17a, measured in the radial direction, only just large enough as is
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required to form the holes 21 and threaded holes 22 and to establish the desired elasticity
of intermediate ring 17a.

As further shown in Figures 2, 3liand 4, the needle cylinder 4 is connected to intermediate
ring 17a only at the fastening sites (or locations), determined by the first screws 19. This
means that, with a needle cylinder diameter of 30 inches, arc segments having a length of
about 400 mm, are present between each two fastening sites, if six first screws 19 are
provided at equal angular spacing. The same applies to the embodiment according to Fig.
1, when six first screws 18 are used. When more or fewer screws 18, 19 are used, the
lengths of the arc segments are correspondingly smaller or larger. The same naturally
applies to the arc segments between the second screws 20. The arrangement in Figures 2
to 4 can then be chosen so that the second screws 20 are each arranged roughly in the
center between two first screws 19. However, for reasons to be discussed further below,
other relative arrangements between screws 19 and 20 in the peripheral direction of needle
cylinder 4 are chosen with particular advantage.

Fig. 5 schematically depicts the heat expansions of needle cylinder 4, which occur when
the intermediate ring 17 or 17a is missing, i.e., when the needle cylinder is screwed
directly onto support disk 2 at the fastening sites 25. The position of the fastening sites
then stipulates the position of the fastening screws, it being assumed that all fastening sites
25 (viewed in the peripheral direction) have the same spacing from each other. Moreo- -
ver, a circular contour 26 shows the periphery of support disk 2 in the region of the
fastening sites 25, whereas a dashed line 27 shows the periphery of the needle cylinder 4
in the region of fastening sites 25, depicted on an exaggerated scale. This contour 27 is
obtained when the needle cylinder is heated in the fastening region to a temperature that is
greater than that of support disk 2 in the fastening region by a preselected difference and
when it is assumed, in the interest of simplicity, that the needle cylinder 4 expands
radially, whereas support disk 2 remains radially unaltered and the fastening sites 25 are
therefore fixed spatially.

As is apparent from Fig. 5, the needle cylinder 2 bulges between two fixed fastening sites
25 along convex sections 28, or in wave-like fashion radially outward, so that a so-called
"flower pattern” is produced. Significant stresses that can lead to the aforementioned



10

15

30

i

irreversible breaks and eccentricities in the region of fastening sites 25 are produced by

this.

On the other hand, Fig. 6 shows, with reference to the embodiment according to Figures
2 and 3, how this problem is sharply reduced when the invention is used. As in Fig. 5,
reference number 26 indicates the eséentially unaltered contour of the support disk 2 in the
region of fastening sites 29. The fastening sites 29, however, here denote the positions of
the second screws 20 (Figures 3 and 4), by means of which the support disk 2 is connec-
ted to intermediate ring 17a, whose contour in the heated state is indicated by a dashed
line 30. Fig. 6 also shows, with a dash-dot line, the outer contour 31 of needle cylinder 4
in the fastening region provided that the needle cylinder can expand uniformly outward in
radial fashion because of heat expansion. Fastening sites 32 between the needle cylinder 4
and intermediate ring 17a denote the positions of the first screws 19 (Figures 2 and 4) in
the cold state of needle cylinder 4, whereas fastening sites 33 show the positions of the
screws 19 in the heated state. Finally, it is assumed that the conditions shown in Fig. 6
are retained when the temperature difference between needle cylinder 4 and support disk 2
is the same as was assumed for causing the deformations in Fig. 5. It is further assumed
that the intermediate ring 17a is heated to essentially the same temperature as needle
cylinder 4.

On creation of the preselected temperature difference, the intermediate ring 17a is
therefore deformed along the contour 30, essentially as shown in Fig. 5 for the needle
cylinder 4 along contour 27. Since the needle cylinder 4, however, is no longer directly
attached to the support disk 2, but only to intermediate ring 17a, this intermediate ring
17a, because of its more limited rigidity, can largely compensate for the radial buckling of
needle cylinder 4 that otherwise develops from the temperature difference, so that the
needle cylinder 4 itself remains essentially circular or cylindrical and expands uniformly.
In other words, in the region of the fastening sites 29, assumed to be fixed, the flexible
intermediate ring 17a expands differently than in the region of fastening sites 32, so that
the fastening sites 32 migrate outward radially in the direction of fastening sites 33, as the
radial expansion of needle cylinder 4 stipulates.

However, as further shown in Fig. 6, the intermediate ring 17a seeks to achieve its
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greatest radial expansion 34 relative to needle cylinder 4 in the center between two
fastening sites 29, whereas needle cylinder 4 seeks to assume contour 31. The difference
in expansions resulting from this is shown in Fig. 6 by a dimension 35. If the fastening
sites 32 had therefore been placed precisely in the center between two fastening sites 29,
the needle cylinder 4 in the heated state would then also be exposed to forces directly
radially outward at the sites 33 corresponding to them, which would certainly be smaller
than in Fig. 5, but still present. In order to rule out stresses caused by this, it is proposed
according to the invention that needle cylinder 4 be fastened to intermediate ring 17a at
locations where both are roughly subject to the same radial expansion. These locations in
Fig. 6 are the fastening sites 32, since they correspond in the heated state to sites 33, at
which the intermediate ring 17a has expanded by the same extent as needle cylinder 4.
Needle cylinder 4 can therefore be deformed unhampered without becoming unround.

The locations where the needle cylinder 4 and the intermediate ring 17a will assume the
same radial expansion can be determined in the individual case by means of the expected
or measured temperature differences. It will then be expedient to determine the position
of the fastening sites 32 according to which temperature differences occur at the operating
temperature of the circular knitting machine, so that virtually no forces occur between the
needle cylinder 4 and intermediate ring 17a. Depending on the individual case, the
fastening sites 32 can therefore also lie at radial locations other than the fastening sites 33
in the heated state. o

As shown in Fig. 6, the fastening sites 32 lie somewhere between the fastening sites 29
and the locations 34 of maximum expansion of intermediate ring 17a, so that the fastening
sites 32 do exhibit spacings from each other corresponding to the spacings of fastening
sites 29, but do not lie in the center between two neighbored fastening sites 29. It is
essential that the fastening sites 32 be offset in the peripheral direction relative to
fastening sites 29 and not lie in the same radial plane.

Figures 7 and 8 show a third embodiment of the circular knitting machine according to the
invention, same parts being provided with the same reference numbers as in Fig. 1. In
this case, the intermediate ring 17 molded onto needle cylinder 4 is designed elastically
deformable in that it is provided with radially continuous slits 38 limited in the peripheral
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direction. Because of this, the intermediate ring 17 consists of two sections, arranged one
above the otber, in the direction of the needle cylinder axis, and connected to each other
by elastically deformable webs or protrusions 39 left between slits 38. The lower section
of intermediate ring 17 is then fastened to the support disk 2 with the first screws 18, in
similar fashion to Fig. 1. Asan alternative, it would also be possible to mold the
intermediate ring 17 onto the needle cylinder at its top by means of webs 39. In both
cases, the elasticity of the intermediate ring 17 can be essentially determined by selecting

the height and cross section of webs 39.

Whereas the needle cylinder 4 generally consists of steel, the support disk 2 is generally
made of cast iron. The intermediate ring 17, 17a preferably also consists of steel, its
cross sectional shape and/or the webs 39 or the like determining its elastic deformability.
However, it would also be possible to establish the required elasticity by selecting a steel
having greater elasticity relative to the needle cylinder material.

The invention is not restricted to the described embodiments, which can be modified in a
variety of ways. In particular, fastening between the needle cylinder 4 and the inter-
mediate ring 17, 17a and/or between nng 17, 17a and the support disk 2 can occur at
more or fewer than six locations. The arc segments of intermediate ring 17 or 17a,
needle cylinder 4 and support disk 2 situated between fastening sites can also be chosen
differently. The cross sectional shape of intermediate ring 17, 17a can also be different
from the depicted rectangular cross sectional shape, in which the contact surfaces between
intermediate ring 17, 17a and support disk 2 or needle cylinder 4 need not run perpendi-
cular to the needle cylinder axis. The axes of screws 18, 19 and 20, as is apparent from
Figures 1 to 3, 7 and 8, correspondingly need not be arranged parallel to the needle
cylinder axis. In this respect, numerous other configurations are possible that can also
depend on the type of circular knitting machine. Moreover, the intermediate ring 17, 17a
can also have a greater or smaller radial width than the part of the needle cylinder 4 lying
on it, depending on the desired rigidity and elasticity. The height of intermediate ring 17,
17a is also chosen as a function of the desired rigidity and elasticity, but must be at least
large enough so that a sufficient number turns of the threaded holes 22 (Fig. 3) can be
made. In addition, the intermediate ring 17, 172 need not have an exact cylindrical shape
between the different fastening sites, since it lies freely in this region. It would also be
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possible to provide an intermediate ring 17a, consisting of several segments separated by a
gap in the peripheral direction, each segment being connected by at least a first and
second screw 19, 22 to the support disk 2 and the needle cylinder. The fastening sites 29,
32 also need not all lie on a common circular line (Fig. 3), since the fastening sites 29, in
particular, can have different radial spacings than the fastening sites 32 from the needle
cylinder axis. It also does not matter whether a circular knitting machine with a rotatable
needle cylinder and a stationary cam or a circular knitting machine with a stationary
needle cylinder and a rotatable cam is involved, or whether the circular knitting machine
has a sinker ring and/or dial, in addition to the needle cylinder. Finally, it is understood
that the different features can also be used in combinations different from those depicted
and described.
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Claims

1. Circular knitting machine with a support disk (2) and a needle cylinder (4)
attached to it with screws, characterized by the fact that an intermediate ring (17, 17a)
elastically deformable in the radial direction is arranged between support disk (2) and
needle cylinder (4).

2. Circular knitting machine according to Claim 1, characterized by the fact that
the intermediate ring (17, 17a) is fastened to needle cylinder (4) with first screws (19) and
to support disk (2) with second screws (20).

3. Circular knitting machine according to Claim 1 or 2, characterized by the fact
that the first and second screws (19, 20) are each arranged in different radial planes.

4,. Circular knitting machine according to one of the Claims 1 to 3, characterized
by the fact that the second screws (20) are each arranged substantially in the center
between two first screws (19).

5. Circular knitting machine according to one of the Claims 1 to 3, characterized
by the fact that the second screws (20) are each arranged at sites (32) where the needle
cylinder (4) and intermediate ring (17, 17a) are subject substantially, to the same radial

expansion at a preselected relative temperature difference.

6. Circular knitting machine according to one of the Claims 2 to 5, characterized
by the fact that the intermediate ring (17a) is assembled from segments separated by gaps
in the peripheral direction, each segment being connected to the needle cylinder (4) by at
least one first screw (19) and to the support disk (2) by at least one second screw (20).

7. Circular knitting machine according to Claim 1, characterized by the fact that
the intermediate ring (17) is produced in one piece with needle cylinder (4).

8. Circular knitting machine according to Claim 6, characterized by the fact that
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the intermediate ring (17) is provided with radially continuous slits (38) interrupted by
webs (39) in the peripheral direction.

9. Circular knitting machine according to Claim 6 or 7, characterized by the fact
that the intermediate ring (17) is connected to the support disk (2) by first screws (18).

10. Circular knitting machine according to Claim 1, characterized by the fact that
the intermediate ring (17) is integrally connected to needle cylinder (4) in one piece by
webs (39) spaced in the peripheral direction. '



