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A method and apparatus for adjusting the working gap between the points of the flat

clothings and the points of the cylinder clothings of a carding machine

(57) A method and an apparatus for adjusting the
working gap between the points of the flat clothings and
the points of the cylinder clothings of a carding machine,
with the flat rods provided with clothings being guided
over a partial zone of the cylinder circumference on ei-
ther side of the carding machine on respective convexly
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arched sliding guides, and the flat rods are provided with
flat heads comprising sliding surfaces, which flat heads
slide along the sliding guides, is characterized in that
the adjustment of the working gap is performed by
changing the radial height of the sliding surfaces of the
flat heads with respect to the points of the respective flat
clothing.
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Description

[0001] The presentinvention relates to a method and
an apparatus for adjusting the working gap between the
points of the flat clothings and the points of the cylinder
clothings of a carding machine, with the flat rods provid-
ed with clothings being guided over a partial zone of the
cylinder circumference on either side of the carding ma-
chine on respective convexly arched sliding guides, and
the flat rods are provided with flat heads comprising slid-
ing surfaces, which flat heads slide along the sliding
guides.

[0002] Apparatuses of this kind are known in different
embodiments.

[0003] For example, the old US patent specification
528007 of 23 October 1894 describes a revolving flat
card in which the flat rods which are provided with flat
clothings are fastened at their ends to respective end-
less chains and are pulled by means of said endless
chains over sliding guides provided at either side of the
carding machine, so that the clothing points are moved
relative to the clothing points of the cylinder and at a
constant distance from the same over a partial zone of
the circumference of the cylinder and thus perform the
desired carding work. After the movement along the slid-
ing guides the flat rods are deflected about a pair of
chain wheels and guided back to a further chain wheel
which is also used as a deflection point. In this way they
reach the sliding guides again, so that they can perform
the desired carding work again with the clothing points
of the cylinder. As a result, the flat rods will repeatedly
reach the sliding guide and will repeatedly perform the
carding work with the cylinder.

[0004] So-called flat heads are provided at the ends
of the flat rods which are provided with sliding surfaces
which slide on the respective sliding guides on either
side of the carding machine. Said sliding surfaces de-
termine in combination with the sliding surfaces of the
sliding guides the distance between the points of the flat
clothings and the points of the cylinder clothings. This
distance must be adjusted precisely in the production of
the card and when the carding machine is newly clothed.
Currently, carding distances, i.e. distances between the
points of the flat clothings and the cylinder clothing, are
desirable in the range of approx. 0.2 mm. High-quality
carding work at high production of the carding machine
is only possible then.

[0005] In adjusting said carding gap, the sliding guide
in the carding machine is radially adjusted according to
US-PS 528007 with respect to the rotational cylinder ax-
is in order to maintain the desired carding distance. For
this purpose the sliding guides are arranged as so-
called flexible bends which are attached according to
the US patent specification at three different places by
means of adjusting rods to the side frame of the card
frame. By adjusting the adjusting rods, which are ar-
ranged as threaded rods with left-handed and right-
handed threads, the three points on which the adjusting
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rods act upon the flexible bend can be adjusted with re-
spect to the card frame and thus the cylinder axis. It is
necessary to understand that as a result of the radial
adjustment at three circumferentially distributed points,
the curvature of the flexible bends, i.e. the sliding
guides, is changed slightly, meaning that there is a
bending of the flexible bends.

[0006] After adjusting the carding distance along the
sliding guides, the carding machine can be put into op-
eration. In the course of time the points of the flat cloth-
ings and the cylinder clothings are worn off, so that the
carding distance increases in an undesirable manner.
In order to counteract said enlargement of the carding
distance, all adjusting rods can also be adjusted jointly
in the old US patent specification 528007 in order to re-
turn the carding distance to the originally provided value.
[0007] For this purpose the adjustable rods are not
fastened directly to the side frame of the card frame at
their ends averted from the flexible bend, but instead to
the respective arms of angle levers which are mounted
rotatably on the side frames of the card frame. The other
arms of the respective angle levers are connected mu-
tually and with an adjusting wheel via respective con-
necting rods, so that by turning the adjusting wheel there
is a common adjustment of the angle levers and thus
the respective points of attack of the adjusting rods on
the flexible bends by way of the adjusting rods.

[0008] One can see therefrom that the basic setting
is possible by the adjusting rods for each supporting
point of the flexible bend independent from the other
supporting points and that accordingly it is possible to
carry out a common adjustment of all supporting points
of the flexible bend, so that the carding gaps are adjust-
ed evenly along the flexible bend. As was already men-
tioned, the flexible bends are slightly bent to adapt to
the changed curvature.

[0009] A change in the settings of the flexible bends
is not only necessary in the case of wear and tear of the
flat clothings and cylinder clothings, but also after the
grinding of the cylinder or flat clothings.

[0010] Itis known to mounta grinding device on a card
and, after the interruption of the carding work, to grind
the clothings during their service life once or twice or
three times for example in order to provide the clothing
points both of the cylinder clothing as well as the flat rod
clothings with a sharp shape which ensures a better
quality of the carding work.

[0011] It is known from various patent specifications,
e.g. from EP-A-0 565 486, to install a grinding device in
a carding machine which is used substantially more fre-
quently and during the production operation of the card-
ing machine in order to ensure that the respective cloth-
ings remain sharp. This latter possibility has the major
advantage that the carding machine need not be
stopped to grind the cylinder and flat clothings of the
carding machine, thus avoiding any impairment to pro-
duction. Moreover, it is ensured that the clothings al-
ways have optimal sharpness and that thus a card sliver
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is always produced with even and high-quality proper-
ties, which benefits the subsequent production of yarn.
Moreover, such a grinding system will lead to the con-
sequence that the clothings are generally provided with
a longer life span.

[0012] Irrespective of whether the clothings are
ground only a few times during their life with higher ma-
terial removal or more frequently with less material re-
moval, such grinding processes lead to changes in the
carding distance. The possibility of radial adjustment of
the flexible bends allows, however, setting the carding
distance correctly at all times.

[0013] Differentfurther proposals have been made as
to how one can achieve a radial adjustment of the flex-
ible bends.

[0014] SACM offered a carding machine around 1975
for example in which the adjustment of the flats was per-
formed on each side of the machine from a single point
by means of two adjacent and mutually displaceable spi-
rals.

[0015] In this construction, the outer spiral is provided
on each side of the carding machine with the shape of
an long stretched-out bent wedge with a small wedge
angle whose outside surface forms the sliding guide and
whose inner radial surface slides on the radial outside
surface of the respective inner spiral. The inner spirals
are also provided with the shape of a long stretched-out
bent wedge, but are provided in addition on the radial
inner side with teeth and can thus be turned by means
of a pair of toothed wheels about the axis of the cylinder,
so that as a result of the cooperation of the radial outside
surface of the inner spiral with the respective radial inner
surfaces of the outer spirals, the sliding guides can be
adjusted simultaneously on both sides of the carding
machine. As a result, all flats can simultaneously ap-
proach or move away from the cylinder of the card. It
was also known in this arrangement to slightly offset the
cylinder towards the axis of the curved sliding guide in
order to produce an "entrance" for the flat chain, mean-
ing that the carding distance was set slightly larger in
the zone where the flat rods approach one another at
the beginning of the carding path than at the end of the
carding path when they leave the cylinder in order to be
returned thereafter to the beginning of the carding path.
[0016] The same proposal was also newly made in
DE 196 51 894 A1.

[0017] DE 29 48 825 A1 is also of major interest in
connection with the adjustment of the flexible bends of
a carding machine. It is recognized there that the card-
ing distance can change during operation, namely both
as aresult of extensions which are caused by centrifugal
forces as well as due to thermal extensions which occur
during the heating or cooling of the carding machine.
[0018] Such extensions, which are caused due to
centrifugal forces or for thermal reasons, are particularly
problematic during start-up or cut-off of the carding ma-
chine, as is explained in closer detail in DE-A 29 48 825.
As is explained there, the tendency to increase the pro-
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duction rate of carding machines leads to the conse-
quence, on the one hand, that the speed of the process-
ing elements is increased and, on the other hand, that
the dimensions of the machine cylinders increase,
namely both the diameter as well as the working width.
As a result of increased rotational speeds and the in-
creased dimensions, there can be an undesirable de-
formation of the cylinders, i.e. their bulging which is
caused by centrifugal force and which increases grad-
ually.

[0019] Itis also explained there that a further directly
linked influence in connection with the production rate
and thus the carding work can be seen in the tendency
to substantially suppress the exchange of air between
the cylinders and the ambient environment for prevent-
ing dust emissions, which makes the natural cooling of
the working elements more difficult.

[0020] Itis expressedin DE-A 29 48 825 that the tem-
perature of the involved cylinders increases in the
course of the operating time until an equilibrium temper-
ature is reached. This increase in temperature causes
a change in the dimension of the cylinders and, espe-
cially, an increase in the diameter of the cylinder. Both
the influence of the centrifugal force as well as the influ-
ence of the temperature rise do not have an immediate
influence upon starting the machine, but only after a cer-
tain delay which, relating to the influence of centrifugal
force, is at least as long as the acceleration time of the
involved elements, e.g. the swift in the carding machine.
[0021] The influence of the temperature rise until an
equilibrium temperature is reached usually continues
over many longer periods of operation which can be sev-
eral hours.

[0022] In order to remedy this, DE-A 29 48 825 pro-
vides a method to control the working conditions be-
tween two working elements provided with a pointed
clothing, e.g. the cylinder and the revolving flat of a re-
volving flat card, in which a value which is in direct con-
nection with the dimensions of the cylinder is detected
continuously or temporally and the carding distance is
kept to a certain value by a suitable control means de-
pending on the detected value.

[0023] The concrete solution shown there uses heat-
able metal rods for adjusting the flexible bends, i.e. the
sliding guides, which are heated either by means of a
fluid heatable by a heat supply apparatus or an electric
heating and are therefore caused to undergo a thermal
extension. Since the temperature control allows a rela-
tively precise setting of the lengths of the respective
metal rods, the device as described there can work with
a high precision.

[0024] Various other proposals are also known for the
radial adjustment of the flexible bends of a carding ma-
chine. For example, US-PS 5,625,924 shows a carding
machine with different possibilities for the radial adjust-
ment of the sliding guide. Among other things, this spec-
ification describes the application of controllable actua-
tors which are triggered specifically to newly and peri-
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odically set the working elements and to compensate
the change of the carding gap as a result of wear and
tear to the clothings or after a grinding process. It is ex-
pressed that the controllable actuator can be used and
controlled in connection with the built-in grinding sys-
tem. Different arrangements of the actuator are indicat-
ed. For example, the application of servomotors or pie-
zoelectric translators for performing the adjustment is
mentioned. It is also shown how an eccentric arrange-
ment can be used by a controllable drive mechanism to
perform a smooth adjustment.

[0025] An adjusting system is further known from the
WO 93/07314 with several adjusting devices which are
arranged at respective places along the sliding guide
and which extend between the sliding guide and a fixed
reference point, with each adjusting device comprising
a blocking mode in which an adjustable clamping device
is active in order to maintain a once reached setting by
way of clamping.

[0026] Despite the large number of proposals that
have already been made, they are difficult and complex
to realize in practice and expensive to produce.

[0027] The extent of adjusting movements in the indi-
vidual adjusting points of the flexible bend is relatively
small. An overall adjustment of more than three to four
millimeters is rarely necessary. An adjustment in steps
ofapprox. 0.01 mmis desirable. As aresult of such small
steps it can be easily understood that already small
amounts of play in mechanical joints and the like will
question the precision of the adjustment. Adjusting de-
vices which are used with thermal extension requires a
certain amount of control and can be impaired by dead
play, since the setting requires a movement once radi-
ally to the outside and a movement once radially to the
inside. The problem arises that temperature measure-
ments are indirect measurements and direct measure-
ments of the carding distance have proven to this date
to be relatively imprecise.

[0028] Eveninthe case of adjustable wedge systems,
the production costs are relatively high, since it is nec-
essary that narrow tolerances be maintained over a
wide range.

[0029] The applicant also noticed that the materials
used for the sliding guide frequently show a hysteresis,
so that the paths during the advancement and retraction
are not the same and the precision of the adjustment
would suffer for this reason as well. The frictional forces
which also occur in a number of constructions are so
large that the returning forces which arise due to the ten-
sion of the flexible bend are too small to precisely ensure
a proper return.

[0030] A plastic deformation occurs in some materials
already at lower tensions, which also leads to an impre-
cision of the adjustment. The pretensions which are
used in working the flexible bend can have a disturbing
influence on the precision of the setting.

[0031] When there are windows in the flexible bend
which are useful for adjusting the flats, then they can
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also disturb the constant progress of the carding gap in
an unfavorable manner.

[0032] It is also known to radially adjust the flexible
bends or sliding guides for the flat rods of a carding ma-
chine for various reasons, namely:

a) for newly setting the carding gap during the pro-
duction of the carding machine or after a renewed
clothing of the carding machine, with a respective
adjustment in the range of approx. 2 mm at the var-
ious adjusting points being common practice in or-
der to enable the setting of the carding distance
along the sliding guide at all points;

b) in order to produce a radial adjustment of the slid-
ing guides in order to counteract any wearing effects
of the clothings and to keep the carding distance
constant, with an even adjustment at the respective
adjustment points being desirable, because one
must assume even wear and tear and the once cor-
rectly set carding distance only needs to be read-
justed evenly;

c) in order to produce a radial adjustment of the slid-
ing guides in order to counteract the change of the
carding distance after the grinding of the clothings,
with an even adjustment also only being necessary
in this case too;

d) in order to carry out a radial adjustment of the
flexible bends so as to counteract the change of the
carding distance due to centrifugal force or thermal
expansions, with this setting also being understood
as an even setting.

[0033] The adjustment range for all even settings (ac-
cording to b), ¢) and d)) is usually in the range from 0.2
to 0.3 mm.

[0034] In all the proposals made up until now there is
in the end a bending of the sliding guides in order to
achieve the required adjustment of the carding gap, so
that the sliding guide is to be regarded as a flexible part,
even if it partly shows a very high stiffness.

[0035] In order to effect the adjustment, the individual
adjusting devices are supported on relatively rigid con-
structions such as the side frames of the carding frame
or so-called fixed bends which in principle also form an
element of the side frame of the carding frame.

[0036] It is the object of the present invention to pro-
vide a method and an apparatus of the kind mentioned
above which does not suffer the aforementioned disad-
vantages or only to a lower extent, provides a substan-
tial simplification in the zone of the flexible bend and al-
lows fixing the same after performing a one-off adjust-
ment during the production of the carding machine or to
even design the same as a fixed bend and thus ensure
substantial savings in cost during the production and op-
eration of the carding machine, whereby a precise set-
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ting of the carding gap over the entire effective range of
the entirely present adjustment still being enabled.
[0037] In order to solve this object is proceeded in re-
spect of the method in such a way that the setting of the
working gap is performed by changing the radial height
of the sliding surfaces of the flat heads with respect to
the points of the respective flat clothing. Preferably, an
adjusting device is provided in or on each flat head
whose radial height is set for the purpose of setting the
working gap.

[0038] By providing an adjusting device in or on the
flat heads of the flat rods it is managed to achieve a sub-
stantial simplification in the area of the flexible bend. The
same can be aligned only once precisely with respect
to the rotational axis of the cylinder during the production
of the carding machine, e.g. in such a way that the con-
vexly arched sliding guides are disposed concentrically
to the rotational axis of the cylinder or extending wedge-
like with respect to an imaginary circle disposed con-
centrically to the rotational axis of the cylinder, so that
the working gap between a flat clothing and the cylinder
clothing decreases over the length of the sliding guide
in the manner as is known per se. All settings made
thereafter of the working gap can be made by settings
of the adjusting devices of the respective flat heads.
[0039] Since it is possible with modern working ma-
chines to precisely produce the convexly arched sliding
guides on the side frames of the carding machine con-
centrically to the rotational axis of the cylinder or with a
desired alignment relative to the rotational axis, it would
even be possible to omit the so-called flexible bend and
to work with only a fixed bend which is provided with the
convexly bent sliding surfaces for the flat rods.

[0040] There is the principal possibility to provide the
flat heads with a two-part arrangement and to produce
either the one part of the flat head in a row of different
radial thicknesses relating to the rotational axis of the
cylinder and to choose the respective matching part in
order to determine the radial height of the working gap,
with the two parts of the flat head then being tightly
screwed together or fastened in another manner. Alter-
natively, individual spacing disks of selected thickness
can be inserted between the two parts of the flat heads.
[0041] This type of setting which can be used for the
above-mentioned cases a), b) and c) is simpler as com-
pared with previous methods in the respect that it can
be performed by an exchange of spacer elements out-
side of the carding machine, namely by employing a
gauge which considers the position of the clothing points
of the cylinder, which can easily be measured again from
the outside, optionally after removing a flat rod, with re-
spect to the radial position of the convexly bent sliding
guides.

[0042] Even if it is deemed necessary to work with
flexible bends, which need to be set once during the pro-
duction of the carding machine, the use of adjusting de-
vices of the kind mentioned above represents a clear
simplification as compared with the renewed setting of
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the flexible bend from time to time.

[0043] Since there are no special limitations with re-
spect to the thickness of the spacer elements, this type
of adjustment can be used both for coarse setting as
well as for the fine setting to the extent that it is ensured
by a precise working of the sliding guides that the same
are disposed concentrically to the rotational axis of the
cylinder or have the desired position with respect to the
rotational axis of the cylinder.

[0044] However, it is not possible when using spacer
elements of fixed dimensions to make the setting in such
a way that centrifugal forces occurring during operation
or thermally induced changes of the working gap can be
considered in such a way that the working gap will al-
ways remain constant.

[0045] In order to solve this partial task too, one can
work with flat heads in which each adjusting device con-
cerns a piezoelectric device which is adjusted electrical-
ly to determine the radial height of the flat head.
[0046] Since piezoelectric devices are known which
allow adjustments up to a number of millimeters (e.g.
DE-A 198 33 782 describes a piezoelectric adjusting de-
vice in form of a drive arrangement for a writing head
which achieves adjustments in the range of up to 2 mm),
the use of piezoelectric adjusting devices allows both
performing the coarse setting according to item a) as
well as the settings according to items b), ¢) and d). The
realization of the coarse setting according to item a)
means under certain circumstances, however, that eve-
ry piezoelectric device must be triggered separately in
order to ensure different adjustments in the respective
flat heads.

[0047] Although thisis principally possible, itis slightly
more complex in realization. These complications can
be avoided, however, when the piezoelectric adjusting
device is used in combination with a spacer element,
because the spacer elements can each be chosen indi-
vidually in the adjustment according to item a).

[0048] The fine adjustment according to items b), c)
and d) which can only be made in a range of approx. 0.2
mm can be achieved with a piezoelectric device very
easily. It is possible to adjust all piezoelectric adjusting
devices jointly, subject to the condition however that the
convexly arched guide surfaces have the desired rela-
tive position with respect to the rotational axis of the cyl-
inder by a one-off setting or by precise working.

[0049] When the adjustment which is to be performed
in each flat head is identical with the adjustment which
is desirable in every other flat head, such piezoelectric
devices can be supplied with the required voltage by a
common voltage source via a common control device.
[0050] Another possibility to realize an adjusting de-
vice in accordance with the invention is that the same is
realized as a resilient device whose radial height with
respect to the rotational axis of the cylinder is set by
changing the tension of the belts which are provided for
moving the flat heads along the sliding guides.

[0051] Inthe simplest of cases such an adjustable de-
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vice can concern a spring, with the degree of compres-
sion of the respective spring being changeable by the
belt tension. In order to change the belt tension, a con-
trollable brake may be provided which acts directly or
indirectly at one of the deflection points of the endless
belt on the toothed disks provided there.

[0052] If the motor which causes the drive of the
toothed disks which produce the drive for the endless
belts concerns a type of motor which always tries to sup-
ply a constant drive output, it is sufficient to work with
such a controllable brake. If the drive output of the motor
decreases with rising load, it may be advantageous to
keep the drive output of the motor also controllable, so
thatin interaction with the controllable brake the belt ten-
sion in the zone of the convexly bent sliding guides and
therefore the degree of compression of the spring can
be kept constant and adjustable.

[0053] The invention is now explained on the basis of
mere examples by reference to embodiments shown in
the drawings, wherein:

Fig. 1 shows a schematic representation of a con-
ventional carding machine;

Fig. 2 shows a side view of the carding machine in
fig. 1 in the zone of the revolving flat for ex-
planation in closer detail of the basic con-
struction;

Fig. 3 shows a schematic cross section in the zone
of the revolving flat of a carding machine as
seen in the plane of intersection Il - III of fig.
2, with the representations of figs. 1,2 and 3
being shown on different scales;

Fig. 4 shows a schematic side view of a sliding
guide for a carding machine with a flat head
which slides thereon and is arranged accord-
ing to EP-A-0 753 610;

Fig. 5 shows a front view of a flat head similar to the
one in fig. 4, but according to a first embodi-
ment of the invention;

Fig. 6 shows a representation similar to fig. 5, but
partly displayed in a cross-sectional view, of
a variant of the flat head in accordance with
the invention with a built-in spring as an ad-
justing device;

Fig. 7 shows a side view of a flat head of fig. 6 as
seen in the direction of arrow VIII;

Fig. 8 shows a top view of the spring of the flat head
according to figs. 6 and 7;

Fig. 9 shows a representation according to fig. 6,
but of a further embodiment in accordance
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with the invention with an oscillation damper;
Fig. 10  shows a representation similar to fig. 4, but
with an arrangement of the flat head in ac-
cordance with the invention by using a piezo-
electric adjusting device;
Fig. 11 shows a partly cut, enlarged view of the flat
head according to fig. 10 in order to illustrate
a possible modification;
Fig. 12  shows a top view of the piezoelectric adjust-
ing element of fig. 11, and
Fig. 13  shows an enlarged side view of the flat head
of fig. 10;

[0054] Fig. 1 shows in a side view a revolving flat card
10 as is known, e.g. the carding machine C50 of the ap-
plicant in a schematic representation.

[0055] The fiber material to be carded which can con-
sist of natural fibers or synthetic fibers or mixtures there-
of is supplied in the form of opened and cleaned flocks
to the filling box 12, received by a licker-in or taker-in 14
as lap feed, transferred to a swift or cylinder 16 and par-
allelized by a set of revolving flats 18 which is driven via
deflection pulleys 20, 22, 24, 26 in opposite direction to
the direction of rotation 28 of the swift 16.

[0056] Fibers from the nonwoven disposed on the
swift 16 are removed by a doffer 30 and formed into a
card sliver 34 in the known manner in an outlet section
32 consisting of several rollers. Said card sliver 34 is
then deposited by a coiler 36 in a transport can 38 in a
cycloidal manner.

[0057] Figs. 2 and 3 show the card of fig. 1 in the zone
of the set of revolving flats on an enlarged scale and in
further detail. For illustration purposes only individual
flat rods 40 are shown which all consist of a supporting
body 42 which is arranged as a hollow profile and carries
the flat clothing 44, as well as two end heads 46 which
are attached to the respective ends of the hollow-profile-
like supporting body, e.g. in such a way that they are
inserted in the ends of the hollow profile and are con-
nected with the hollow profile in a positive-locking way
by a squeezing process which is described in detail in
EP-A-627 507.

[0058] The concrete preferred arrangement of the flat
heads 46 and the drive belts 48 which drive the same is
described in EP-A-753 610. The belts can be arranged
especially according to fig. 4 of the present specification.
This arrangement is also shown in fig. 4 of the present
application in further detail in a schematic exploded
view.

[0059] Belt 48 is provided on one side, namely the in-
ner side of fig. 2, with teeth 48A which engage in teeth
48B of the toothed disks or toothed wheels 20 and 26,
with only few teeth 48A and 48B being shown for illus-
tration reasons. Itis understood, however, that the entire
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inner side of the belt 48 is provided with teeth 48A and
the entire circumference of the toothed wheels 20 and
26 are provided with respective teeth 48B. On the out-
side of belt 48 there are further beam-like teeth or beams
48 which are arranged in pairs. In this case too only in-
dividual pairs 49 are shown for illustration reasons and
each pair of teeth 49 engages in a respective recess or
hollow space 41 of a respective flat head, as is de-
scribed in closer detail in EP-A-0 753 610.

[0060] One can seen in fig. 2 that the endless drive
belts, of which only the one on the one side of the card-
ing machine is shown, pull the flat rods 40 from an inlet
point 50 on the right side of the drawing over a carding
path along a sliding guide 52 comprising a flexible bend
54 up to an outlet point 56 and that the flat rods 40 there-
after are deflected about the toothed wheel 20 driving
the illustrated drive belt and are guided back to the inlet
point 50, with the drive belt being deflected by the further
toothed wheel 26 directly before the inlet point 50 and
is supported between the two toothed wheels 20, 26 by
two further supporting wheels 22, 24 and a support 58.
[0061] Itis understood that an arrangement as shown
in fig. 2 is also disposed on the other side of the carding
machine in the manner as known per se, with the driven
toothed wheels 20 being driven by a common shaft 60
by a respective schematically shown motor 61 with a
control unit 63, as a result of which the two toothed
wheels 20 and therefore the two toothed belts 48 with
the flat rods 40 which are fastened thereto by way of the
pairs of teeth 49 revolve synchronously, so that the lon-
gitudinal axes of the flat rods 40 always extend parallel
to the drive axis 62 of the cylinder 16. This parallel po-
sition is always maintained during the movement with
the flat chain. It is also understood that in operation the
flat rods 40 are evenly distributed over the entire length
of the drive belts 48.

[0062] As is described in EP-A-753 610 in closer de-
tail, the sliding surfaces 64 of the flat rods 46 are dis-
posed in the zone of the flexible bend 54 in sliding con-
tact with the same, namely as a result of its own weight
on the one hand and due to the belt tension on the other
hand which in the zone of each flat head produces a
radially inwardly directed force. In other words, they are
pressed by the tension of the drive belt 48 and due to
their own weight against the sliding guide 52, i.e. against
the sliding surfaces 66 of the flexible bend 54. In this
way the required carding distance A (fig. 3) between the
flat clothings 44 and the cylinder clothing 68 is ensured.
Due to the positive-locking engagement of the pairs of
beams 49 of the drive belt 48 in the respective openings
41 of the flat heads, and due to the synchronized revolv-
ing of the drive belts 48 on both sides of the carding
machine, the flat rods 40 are moved in a synchronized
way over the two flexible bends 54, with the longitudinal
axes of the flat rods 40 always being guided parallel to
the cylinder axis.

[0063] The positive-locking engagement between the
drive belts 48 and the flat heads 46 transmits the tensile
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forces of the drive belts 48 onto the flat rods 40, so that
they are moved along the carding path between the inlet
point 50 and the outlet point 56.

[0064] Inthis embodimentthereis provided according
to the present doctrine next to the toothed wheel 26 and
mounted on its shaft 81, a brake disk 25 and brake nip-
pers 27 which can be controlled by a control unit 29 in
such a way that a controlled brake force can be exerted
on the toothed wheel 26 (and via shaft 182) on the re-
spective toothed wheel on the other side of the carding
machine, as a result of which it is possible to determine
the belt tension on both sides of the carding machine
and therefore the pressing pressure between the flat
heads and the sliding guides 66, as will be explained
below in closer detail.

[0065] A particularity in the proposal according to
EP-A-753 610 is that in the zone of the deflection the
beams of the pairs of beams 49 of the drive belts 48
have a tendency to straddle apart and to hold the flat
heads 46 in such a way that they are deflected about
the toothed wheels 20, 26 without there being any dan-
ger that the flat rods 40 are lost and without additional
guide means being necessary in these zones.

[0066] On the upper side of the revolving flat 18 the
flat rods 40 rest loosely on the upper strands of the drive
belts; they can thus be easily detached from the drive
belt 48 when they need to be especially cleaned or ex-
changed. Gravity ensures that the flat rods 40 will not
separate from the drive belts 48 in this zone in an unde-
sirable manner.

[0067] As can be seen from the sectional drawing of
fig. 3, the flexible bends 54 of the sliding guides 52 will
ensure defining the carding distance A between the flat
clothings 44 and the cylinder clothing 68 which are
shown for reasons of illustration only in sections in figs.
3 and 4. The sliding guides in this example are equipped
with an embedded beltlike guide element 70 made of
plastic which forms the slide surface for the flat heads,
as is described in closer detail in DE-A-39 07 396 or
EP-A-0 620 296. Principally, such an embedded ele-
ment or embedded elements which are subdivided into
sections can be used in all embodiments in accordance
with the invention as explained below in order to form
the actual sliding surface 66 for the flat heads 46. Such
an element can also be omitted, however, especially
when the flat head is provided with a sliding block or
sliding lining which slides on the sliding guide which usu-
ally consists of metal.

[0068] Fig. 3 also shows that each sliding guide 52
also comprises a radial inner support 72 which is fre-
quently also known as a fixed bend, with each radial in-
ner support 72 being rigidly connected with the respec-
tive associated side frame 74 of the carding machine or
being integrally arranged with the same, e.g. in form of
arespective cast part. The side frames 74 of the carding
machine also carry the rotational shaft 62 of the cylinder
(not shown in fig. 3) and also form a radial guide means
for the flexible bends 54 (not shown).
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[0069] Between each radial inner support 72 and the
flexible bends 54 associated to the same there are, as
can be seen in figs. 2 and 3, five length-adjustable de-
vices 76 in this example which consist of an inner part
78 provided with an external thread and an outer part
80 arranged as a threaded bush with inner threads. By
turning the inner part 78 with respect to the outer part
80 the length of the respective adjusting device 76 can
be set. Accordingly, a radial adjustment of the flexible
bend 54 can be performed in the zone of the respective
supporting point. As a result, the curvature of the re-
spective flexible bend 54 can be adjusted to the curva-
ture of the cylinder and the radial position of the sliding
surface 66 and the respective flexible bends 54 can be
set in such a way that the carding distance A remains
constant over the entire length of the carding path and
over the entire width of the cylinder, or — if desired —
is provided with the desired course along the carding
path.

[0070] In the description below the parts which corre-
spond to the part as described above are identified with
the same reference numerals, but increased by the ba-
sic number 100, 200, etc. in order to bring about a clear
decision. It is understood that the description up until
now also applies to parts which have the same end nu-
merals, so that this description need not be repeated
again. This means that the description below concen-
trates on the departing features.

[0071] Fig. 5 shows a face view at first which as seen
approximately in the direction of arrow V in fig. 4 shows
a flat head 146 which is also provided with a hollow
space 141 for receiving the pairs of teeth 49 of the drive
belt.

[0072] In this embodiment a spring clip 190 is provid-
ed with two resilientlegs 192 which engage in respective
undercuts 194 in the side parts 147 of the flat head 146.
Due to the inclined flanks of the undercuts 194 the spring
clip 190 always tries to slip upwardly in fig. 5 and holds
in this way a plate-like spacer element 196 between its
lower zone 198 in fig. 5 and the lower side 199 of the
main body of the flat head.

[0073] The spring clip is of an at least substantially
constant cross section in this embodiment and extends
in the direction perpendicular to the illustration of fig. 5
over a length which corresponds at least substantially
to the width B of the sliding guide 52.

[0074] One can see immediately that by using differ-
ent spacer elements 196 which also have a width per-
pendicular to the plane of the drawing of fig. 5 which at
least substantially corresponds to the width B of the slid-
ing guide 52, the distance A can be newly set. The spring
clips can be loosened and removed easily for exchang-
ing the spacer elements 196. The lower side of the
spring clip 190 forms in this example the actual sliding
surface 164 of the flat head and can be provided for this
purpose with a hard surface or with a sliding lining.
There is the further possibility (which is not shown in fig.
5) to provide the spring clip 190 with a slightly hollow
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arrangement in the floor zone 198, so that two plane or
curved sliding surfaces are obtained which correspond
to the above sliding surfaces 64 of the flat head and the
same thus assumes a stable position on the curved slid-
ing guide 52.

[0075] In other words, the use of different spacer ele-
ments 196 allows changing the radial height (relating to
the rotational shaft of the cylinder) between the points
of the flat clothings 44 and the actual sliding surface 164,
i.e. in this example the lower side of spring clip 190, and
thus to set the working distance A.

[0076] In the embodiment according to fig. 5 there is
a further possibility of setting the working distance A,
namely by using a part 196 with marked elastic and flex-
ible properties.

[0077] As has already been explained, the belt ten-
sion leads to a force component which presses the flat
heads 146 of the flat rods against the sliding surfaces
66 of the sliding guides 52. Since one is able to provide
this force variably according to the invention, one can
also determine the degree of compression of such
spring elements 196 and thus also the working distance
A.

[0078] If a controllable brake (brake disk 25, brake
nippers 27 and control unit 29) is used according to fig.
2, the belt tension can be determined according to the
pressing pressure of the brake nippers 27 on the brake
disk 25 which is determined by control unit 29, and thus
the magnitude of the force component acting in the ra-
dial direction on the flat heads.

[0079] If the drive motor 61 concerns a type of motor
which always tries to maintain a predetermined speed
and therefore increases the driving torque according to
the respective load in order to maintain the required ro-
tational speed, no special control unit is required for the
drive motor 61 other than a control unit which ensures
the required rotational speed (if the rotational speed be-
longs to the predeterminable parameters).

[0080] If a type of motor is concerned which responds
to changing loads with changing speeds so that it is dif-
ficult to achieve the belt tension alone via the controlla-
ble brake, it may be advantageous to provide the drive
motor 61 with a control unit 62 which ensures a constant
drive torque at constant speed, e.g. by changing the am-
plitude of the voltage applied on the motor or by control-
ling the drive current.

[0081] One can thus see that by increasing the belt
tension it is possible to also change the degree of com-
pression of the spring elements 196.

[0082] The embodiment according to figs. 6, 7 and 8
also uses spring elements which in this case are in the
form of leaf springs 296 which are disposed between a
fixed part 300 and a movable beam 302 of the flat head
246, namely to the left and right of the hollow space 241,
receiving the pairs of teeth 49 of the endless belt 48.
Each movable part 302 of the flat head 246 is held dis-
placeably on the shaft part 304 by two guide pins 306
for the purpose of displacement according to the double
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arrow 308. The threaded part 301 of each guide pin 306
is screwed into the fixed part 300 of the flat head 246,
so that a shoulder of the guide pin rests fixedly on the
fixed part 300. On the other hand, the head part 303 of
each guide pin is housed in a circular recess 305 of the
movable part 302. The lower side of each movable
beam 302 forms in this example the sliding surface 264
of the flat head in the zone between the recesses 305.
[0083] A gap space 307 is situated between the mov-
able beam 302 and the fixed part 300, in which space
there is housed a spring element 296 which is bent in
the manner of a leaf spring, with each leaf spring 296
having two openings 309 arranged as oblong holes
through which projects one each of the guide pins 306.
In this way the springs are held captively and can be
freely compressed or stretched in the desired amount
without being hindered in their respective movements
by the guide pins 306.

[0084] In this case to the degree of compression of
the spring elements 296 is influenced by the belt ten-
sion. This means that the radial height h of the gap
space 307 is determined by the belt tension and there-
fore also the working distance A.

[0085] Fig. 7 also shows the part 311 of the flat head
which is received within the hollow section 42 of the flat
rod 40. One also sees in fig. 7 the recess 313 which
receives the belt part of the belt and ensures that the
flat heads are guided laterally by the endless belts.
[0086] Fig. 9 shows an embodimentwhich is very sim-
ilar to the embodiment according to figs. 6 to 8, which is
indicated by the applied reference numerals. The only
difference in this case is the provision of a friction lining
315 on the lateral zones of the fixed part 400 which are
opposite of the movable beam 402. The fiction linings
315 act in an energy-absorbing way and prevent oscil-
lations in the springs leading to changes in the working
distance A. Instead of applying the friction linings 315
on the fixed part 400, they could optionally also be at-
tached to the movable beam 402. If desired, spacer el-
ements (not shown), could be inserted into the gap
spaces in order to either perform the setting a) or to com-
pensate possible differences of the spring properties.
[0087] The embodiment according to figs. 10 to 13
shows an alternative embodiment of a flat head 446
which in this case too consists of two parts, namely a
part 500 which is fastened to a hollow carrier 442 of the
flat rod and is thus designated as a fixed part and a mov-
able part or beam 502 which is connected to the fixed
part 500 by way of a piezoelectric adjusting device 496.
[0088] The piezoelectric device 496 consists in this
case of a plurality of piezoelectric layers which change
their thickness by applying a voltage and thus cause the
desired change in the radial height of the sliding surfac-
es 499 of the flat head 446 with respect to the clothing
points of the flat rod 40. In order to produce this differ-
ence in voltage, a voltage is applied to one side of the
piezoelectric device 496 via a conducting track 519
which is integrated in the endless belt 448 and extends
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at least partly completely through the belt, whereas the
other side of the piezoelectric device 496 and the sliding
guides 52 of the carding machine are applied to a
ground.

[0089] One can use the parts 500 and 502 of the flat
heads per se for the electric connection between con-
ducting track 519 and the piezoelectric device 496 and
between the piezoelectric device 496 and the sliding
guide 52. Alternatively, wires can be integrated in the
flat head, as is shown in 523, in order to avoid voltage
losses which would occur under certain circumstances
depending on the material of the flat head.

[0090] Itis also possible, as shown in fig. 11, to pro-
vide especially conductive coatings or linings inthe zone
of the sliding surfaces 466 and in the zone of the contact
point with the conducting track as installed in the end-
less belt 448.

[0091] It is also possible to install two conducting
tracks 519 in the endless belt which are mutually insu-
lated (since the endless belt partly consists of plastic)
and to provide the voltage supply for the piezoelectric
device 496 via said two conducting tracks.

[0092] Since the conducting track is provided at either
side of the endless belt 519, there can be a contact mak-
ing with the conducting track on the inner side of the
endless belt for the purpose of contact making with the
voltage source or with the control device which deter-
mines the level of the voltage and therefore the ampli-
tude of the change in dimension of the piezoelectric de-
vice 496. This can be performed by way of brush-type
contacts or respective conductive zones can be provid-
ed on the toothed wheels which are in connection with
a voltage source or a control device via brush-type con-
tacts.

[0093] When zones of the toothed wheels are used
for the voltage transmission it must be ensured that the
respective zones are insulated from the remaining
zones in order to avoid any shorts.

[0094] Fig. 12 shows that the piezoelectric device is
N-shaped in a top view according to the shape of the
flat head 446. Fig. 13 also shows that there is a gap,
which can also be provided with insulation, between the
two parts 500 and 502 of the flat head 446 in order to
prevent shorts in this case as well.

[0095] In all embodiments explained up until now the
hollow space 41, 141, 241, 341 and 441 is open on the
outside face side, but closed on the rear face side by
the material of the flat head. It is not mandatorily neces-
sary, however, to provide such a hollow space. Itis only
provided here because endless drive belts with pairs of
teeth are used which engage in hollow spaces. If no hol-
low space is provided, the spring device or piezoelectric
device can be defined differently in order to consider the
respective shape of the flat head. When providing a hol-
low space the outside face side of the flat head can be
closed off. A respective modified shape of the spring de-
vice or piezoelectric device is also possible, e.g. such
that the piezoelectric device 496 of fig. 12 is provided
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then with the shape of a rectangle with a rectangular
opening in the middle.

[0096] Although the piezoelectric device used here is
represented as a plurality of piezoelectric layers, the pi-
ezoelectric device can be realized in a completely dif-
ferent way, e.g. according to the aforementioned Ger-
man patent application 196 51 894 A1, It can then have
a completely different orientation in the flat head.

Claims

1. A method for adjusting the working gap (A) between
the points of the flat clothings (44) and the points
(68) of the cylinder clothing of a carding machine
(10), with the flat rods (40) which are provided with
clothings being guided over a partial zone of the cir-
cumference of the cylinder on both sides of the
carding machine on respective convexly curved
sliding guides (52) and the flat rods comprise flat
heads (146; 246; 346; 446) having sliding surfaces
(164; 264; 364; 464) which slide along the sliding
guides (52),
characterized in that
the adjustment of the working gap (A) is performed
by changing the radial height of the sliding surfaces
(164; 264; 364; 464) of the flat heads (146; 246;
346; 446) with respect to the points of the respective
flat clothing (44).

2. A method as claimed in claim 1,
characterized in that
an adjustable device (196; 296; 396; 496) is provid-
ed in or on each flat head (146; 246; 346; 446)
whose radial height is set for adjusting the working
gap.

3. A method as claimed in claim 2,
characterized in that
each adjustable device concerns a piezoelectric de-
vice (496) which is electrically adjusted to define the
radial height.

4. A method as claimed in claim 2,
characterized in that
each adjustable device concerns a resilient device
(196; 296; 396) whose radial height is set by chang-
ing the tension of the belts (48) which are provided
for moving the flat heads along the sliding guides.

5. An apparatus for adjusting the working gap (A) be-
tween the points of the flat clothings (44) and the
points (68) of the cylinder clothing of a carding ma-
chine (10), with the flat rods (40) which are provided
with clothings being guided over a partial zone of
the circumference of the cylinder on both sides of
the carding machine on respective convexly curved
sliding guides (52), with the flat rods comprising flat
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10

10.

1.

12.

13.

heads (146; 246; 346; 446) having sliding surfaces
(164; 264; 364; 464) which slide along the sliding
surfaces of the sliding guides,

characterized in that

in each flat head (146; 246; 346; 446) the radial
height of its sliding surfaces (164; 264; 364; 464) is
changeable with respect to the points (44) of the re-
spective flat clothing.

An apparatus as claimed in claim 5,
characterized in that

a device (196; 296; 396; 496) is provided in or on
each flat head (146; 246; 346; 446), which device
is adjustable in its radial height (relating to the rota-
tional shaft of the cylinder).

An apparatus as claimed in claim 6,
characterized in that

each adjustable device (496) concerns a piezoelec-
tric device.

An apparatus as claimed in claim 7,
characterized in that

the piezoelectric devices (496) in the respective flat
heads (446) can be driven by a common voltage
source for adjusting the working gap (A) by means
of a control device.

An apparatus as claimed in claim 7 or 8,
characterized in that

in the known manner endless belts (48) are provid-
ed for moving the flat rods (446) over the sliding
guides, the endless belts are each provided with at
least one conducting track (519) extending over the
entire length of the endless belt in order to ensure
the voltage supply of the piezoelectric device, with
a contact device being provided in at least one zone
of the circumferential path of each endless belt in
order to ensure an electric contact between the re-
spective conducting track and the voltage source.

An apparatus as claimed in claim 9,
characterized in that
the contact device concerns a conductive brush.

An apparatus as claimed in claim 9,
characterized in that

the endless belts (48) can be deflected via toothed
disks (20, 26) and deflection pulleys (22, 24), with
a toothed disk or a deflection pulley being used for
each endless belt as a contact device.

An apparatus as claimed in claim 9 or 10,
characterized in that
each endless belt comprises two conducting tracks.

An apparatus as claimed in claim 5,
characterized in that
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20.

21.

19 EP 1211 339 A1

the adjustable device concerns a spring (196; 296;
396) and that the degree of compression of the re-
spective spring can be changed by the belt tension.

An apparatus as claimed in claim 13,
characterized in that

for the purpose of changing the belt tension, a con-
trollable brake (25, 27, 29) is provided which acts
at one of the deflection points of the endless belt
directly or indirectly upon the toothed disks (26) pro-
vided there.

An apparatus as claimed in claim 14,
characterized in that

the drive output of the motor (61) provided for driv-
ing the toothed disks (20) causing the drive of the
endless belts (48) is controllable.

An apparatus as claimed in claim 15,
characterized in that

a control device (63) is provided for controlling the
output of the drive motor.

An apparatus as claimed in claim 13,
characterized in that

each spring device (396) is associated with an os-
cillation damper (315).

An apparatus as claimed in one of the claims 13 to
17,

characterized in that

the springs (196) concern resilient, plate-like, elas-
tic elements.

An apparatus as claimed in claim 18,
characterized in that

each plate-like element (196) is held on the flat head
with a spring clip (190).

An apparatus as claimed in one of the claims 13 to
17,

characterized in that

the springs (296; 396) concerning leaf springs
which are each disposed between a fixed part (300;
400) of the flat head (346; 446) and a part (302; 402)
of the flat head which is displaceably guided with
respect to said head.

An apparatus as claimed in one of the claims 5 to
20,

characterized in that

each flat head (146; 246; 346; 446) is provided with
a multipart arrangement and is arranged as an ex-
changeable spacer element (196).
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