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Processing TENCEL® fibers

Processing of various cut staples at different delivery
speeds on the Rieter air-jet spinning machine using

TENCEL® fibers
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Introduction
This study was conducted in the context of the close
cooperation between Rieter and Lenzing.

It presents the findings obtained with TENCEL® fiber
in different cut staple lengths in order to establish
whether the quality of an air-jet spun yarn can be
influenced by using longer fibers. This study sets out
the influencing factors up to downstream processing
of the yarn.

1.3 dtex

36, 38, 42, 44 mm
38 cN / tex

12%
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Type of raw material

Due to the wide range of application of this raw mate-
rial, Tencel fiber with 1.3 dtex fineness in different sta-
ple cut lengths was used.

The raw material components featured fiber specifi-
cations in general use. The cross-sectional and longi-
tudinal views of the fiber used are shown in Fig. 1.

Fig. 1 Fiber specifications
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Test setup

The overview shows the test setup for processing
the different cut staples to manufacture differ-
ing yarn counts of Ne 18, Ne 36 and Ne 50. The
optimal spinning plan was selected for each yarn
count (Fig. 2).
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Raw material analysis

Fiber length

With different cut staples, drawframe settings
in fiber preparation and ultimately on the final
spinning machine must be adjusted in each case
depending on the long fibers.

For purposes of raw material analysis the length
of fibers occurring in the fiber bundle with a fre-
quency of 2.5 - 5 % were taken into account.

At a frequency of 2.5 % it is apparent that fiber
length increases by approx. 1-2 mm over the
process stages due to fiber orientation and crimp
removal. Different spinning plans were selected,
depending on the final yarn count (Ne 18, Ne 36
or Ne 50). The increase in fiber length was
observed in all spinning plans used. Only the
fiber values measured on the basis of the spin-
ning plan for Ne 18 are shown as representative
(Fig. 3).

Fiber orientation can be identified from the mean
fiber length and the short fiber content over the
subsequent process stages.

Fiber length measurement is influenced by the
degree of fiber parallelization.

The mean fiber length measured increases by
approx. 2 mm over the subsequent process
stages and the short-fiber content declines by
approx. 1 % due to parallelization (Fig. 4).
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Short fiber over process stages, AFIS Autojet
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Fig. 6 Number of neps over the process stages

However, it is also apparent from the meas-
ured values that no fiber damage has therefore
occurred during the carding action. This can be
attributed to the low card output of 60 kg/h.

However, on the basis of these findings an opti-
mal carding output of 80 kg/h is assured with a
cut staple of 38 mm, 1.3 dtex and a final spinning
count of up to Ne 40 for air-jet spinning (Fig. 5).

Neps

Fiber opening and fiber transport via the suc-
tion duct system usually result in an increase of
approx. 30 % in fiber neps in the spinning mill.
Optimal carding and subsequent parallelization
reduce/untangle approx. 90 % of the fiber neps
again (Fig. 6).

The measured values also show that the inci-
dence of neps in the different fibers also depends
on cut length with the same fiber fineness. The
ratio of fiber length to fiber diameter determines
the fineness ratio. The higher the fineness ratio,
the greater the risk that neps will occur.



Fiber strength over process stages, Vibrojet
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100 % Tencel, 1.3 dtex, Ne 18

3 Draw Frame
4000 tex

20 e

Elongation [%]
I~}

10
(8] cocooanocanasossoonosnaacomREIENEaCNGacRAEK00N0C
£ R —————————
4
Bale Card 3 Draw Frame
6 000 tex 4000 tex
Process
=== Cut length 44 mm Cut length 42 mm
=== Cut length 38 mm Cut length 36 mm

Fig. 8 Fiber elongation over the process stages

. . . Rieter . Processing TENCEL® fibers

Fiber strength/elongation

A loss of 10-11 % in fiber strength of the
TENCEL® fiber can be observed due to the card-
ing process, which can be regarded as normal.
Depending on the spinning plan, fiber strength
declines by a further 2-3 % in the subsequent
drafting passages (Fig. 7).

On the basis of the different spinning plans for
the different yarn counts, it is apparent that fiber
stress in the drafting pass is also minimally
affected by the fiber mass in the drafting system.
It is apparent that the fiber mass, i.e. sliver count,
has a minimal influence on fiber stress.

Fiber elongation declines by 2-3 % in absolute
terms in the course of the carding process (Fig. 8).
This reduction can be regarded as a very good
outcome. Fiber strength and elongation are meas-
ured as a function of fiber raw material and fine-
ness. Fiber length plays no part in this as long as
optimal drafting system distances are selected.
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Sliver unevenness over process stages, Uster Tester 4
100 % Tencel, 1.3 dtex, Ne 18

&
o

=
5

=
o

Irregularity (capacitive) CVm [%]
w
w

3.0
25
——— o
2.0
Card 1 Draw Frame 2" Draw Frame 3 Draw Frame
6000 tex 5000 tex 4000 tex 4000 tex

Process

=== Cut length 44 mm Cut length 42 mm === Cut length 38 mm

Fig. 9a Sliver irregularity over the process stages

oa

Sliver unevenness over process stages, Uster Tester 4
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Sliver irregularity

The study shows that the longer cut staple lengths
of 42 & 44 mm exhibit an insignificant difference
in irregularity in the sliver (fiber bundle) in com-
parison with 36 & 38 mm. The lower the sliver
weight selected in the various spinning plans, the
higher the irregularity due the smaller fiber mass.

When a third drafting passage is used, sliver irreg-
ularity is 2.5 CVm (%), despite the differing sliver
counts for the different final spinning counts and
the different cut staple lengths.

Irregularity is therefore in a very good range and
meets the relevant requirements for air-jet spin-
ning technology (Fig. 9a, 9b, 9c¢).
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Fig. 10 Staple diagram of the different cut staples
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Drafting system settings on the

air-jet spinning machine

It is well known that “cut staple” never produces a
rectangular staple, since this would have a negative
impact on the drafting behavior of the fibers in the
drafting systems. The staple diagrams of the vari-
ous cut staples each display an appropriate distri-
bution of fiber lengths (Fig. 10).

However, with regard to the drafting system setting
it must be noted that a portion of the fibers is much
longer than the stated cut staple. It is evident that
5 % of the fibers are at least 4 mm longer.

A further increase in the actual fiber nip line length
can result from the parallelization and crimp
removal that takes place. This has to be taken into
consideration when setting the drafting system on
the air-jet spinning machine.

The drafting system distances and degrees of draft
were defined in preliminary trials on the basis of
design conditions. These indicate the following
appropriate settings in the context of the prevailing
technical conditions:

The drafting system on the air-jet spinning machine
is designed for cut staple of 38-40 mm, which cor-
responds to a 5 % staple of 42-44 mm (Fig. 11).

The proportion of 38 mm cut staple by volume is
estimated at 80 % of global staple fiber production.
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Total draft on the air-jet spinning machine was
specified at a maximum of 190 times at the begin-
ning of the trials on the basis of previous experi-
ence. The main draft for the various yarn counts of
Ne 18, Ne 36 and Ne 50 was therefore between 31
and 41 times.

It was apparent from the preliminary trials that pri-

marily the yarn count was of decisive importance
for optimum distance “A” (Fig. 12), and not the
fiber length of the different cut staples used. This
finding relates only to the Lyocell (TENCEL®) raw
material used and the relevant cut staples of 36,
38, 42 and 44 mm.

The following setting was chosen on the basis of
the preliminary trials:

21.6 mm=A+1forNe 18

19.6 mm = A - 1 for Ne 36 and Ne 50

Nozzle and distance
A-1,19.6 mm
A+1,21.6 mm

Fig. 12 Spinning nozzle spacing

Raw material

Tencel

Tencel

Yarn count range
Ne 36-Ne 50
Ne 18




Unevenness vs. delivery speed on air-jet spinning machine
100 % Tencel, 1.3 dtex, Ne 18
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Yarn results

Irregularity

Yarn irregularity is not affected - or only mini-
mally - by the delivery speed of the air-jet
spinning machine with a yarn count of Ne 18
(Fig. 13).

Better regularity is only achieved with increasing
cut staple length in a finer yarn (Ne 50). A longer
cut staple thus only displayed better regularity
measurements with finer yarns. Fiber integration,
i.e. irregularity, is thus affected by the combina-
tion of fiber mass and cut staple length.

It is also possible that the yarn structure has a
greater influence on measured results in the case
of coarser yarns. In this case thin and thick places
(imperfections) can be detected which have an
influence on irregularity readings (Fig. 14).

11
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Neps vs. delivery speed on air-jet spinning machine
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Imperfections

Fine neps (140 %) across the different yarn counts
indicate that fewer neps are counted in the yarn
with shorter cut staple lengths. This effect is attrib-
utable to the fineness ratio of the fibers (Fig. 15).

Longer fibers already result in a greater incidence
of neps during fiber preparation with the same
fiber fineness due to the fineness ratio, and this
can be visible through to the yarn.

Depending on yarn count and staple length, the
number of neps can also decline in relation to deliv-
ery speed, as with a yarn count of Ne 36 (Fig. 16).
This effect was also observed with thick places and
can be explained by changes in yarn structure.

However, in this case it is not a general phenom-
enon. Depending on the relation of yarn count to
structural change, such effects can occur due to
delivery speed. In such cases it is a matter of a
more uniform structure being measured depending
on yarn count, due to a smaller number of wrap-
ping fibers per unit of yarn length.



Tenacity vs. delivery speed on air-jet spinning machine
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Yarn tenacity

A longer cut staple displays no general advan-
tage in terms of yarn tenacity in yarn counts of
Ne 18-36.

Up to 1 cN/tex higher yarn tenacity values were
achieved in a yarn count of Ne 18 combined with
the 38 mm cut staple (Fig. 17).

Yarn tenacity is clearly influenced by the delivery
speed of the air-jet spinning machine, depending
on yarn count.

In finer yarns, such as Ne 36 and Ne 50, yarn
tenacity declines steadily by up to 2 cN/tex with
increasing delivery speed (Fig. 18).

13
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Tenacity vs. delivery speed on air-jet spinning machine
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This behavior can be explained by the fact that yarn
twist changes depending on delivery speed, as in
ring and rotor spinning, at the same rotation speed.

T/ = Fiber sun speed [rpm]

Delivery [m/min]

In general, the finer yarn counts should have a
higher twist per unit length, in order to have the
required tenacity for downstream processing.
However, in the case of air-jet spinning this is not
necessarily possible - or not to the required extent
- via the elements imparting twist. That is to say,
an increase in yarn twist cannot necessarily be
achieved by way of a higher fiber sun speed.

Influences exerted on tenacity as a function of sta-
ple length are apparent in the study of yarn count

Ne 50. The highest mean yarn tenacity was meas-
ured on a cut staple length of 38 mm.

Despite the different drafting system settings and
adapted technology components on the air-jet
spinning machine, the very good tenacity values
of 38 mm cut staple were not exceeded by staple
lengths of 42-44 mm (Fig. 19).

It should be pointed out here that 90 % of all cel-
lulosic manmade fibers are produced with a cut
staple length of 38 mm.



Elongation vs. delivery speed on air-jet spinning machine
100 % Tencel, 1.3 dtex, Ne 18
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Declining tenacity in finer yarns is also attributable
to the decline in the number of fibers in the cross-
section. This is clearly apparent in Fig. 20. Higher
yarn tenacity can be achieved in finer yarns by
reducing the delivery speed of the air-jet spinning
machine.

In order to maintain the same yarn tenacity of

23 cN/tex in a yarn count of Ne 36 at 410 m/min,
delivery speed must be reduced to 340 m/min for
an Ne 50 yarn count.

Yarn elongation

Cut staple length has no effect on yarn elonga-
tion in yarn counts of Ne 18 and Ne 36. The
effect of high yarn mass on yarn elongation
behavior outweighs that of delivery speed and
yarn structure in this case (Fig. 21).

In principle, it can be stated that yarn elongation
increases with

« longer cut staple

- finer yarn

« lower delivery speed

For example, with a yarn count of Ne 50 at a
delivery speed of 400 m/min, approx. 0.5 %
more yarn elongation occurs with cut staple
lengths of 42-44 mm compared to cut staple of
36-38 mm (Fig. 22).

15
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Apart from the influence of yarn count, the effect
Elongation vs. delivery speed on air-jet spinning machine of delivery speed is also apparent USiI’lg 38 mm
100% Tencel, 1.3 dtex. 38 mm cut staple as an example (Fig. 23). Depending on
yarn count, yarn elongation declines significantly
with increasing delivery speed. For example, yarn
elongation of Ne 50 at 340 m/min declines by
0.6 % in absolute terms when delivery speed is
increased to 400 m/min.
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The relationships clearly show that the stretch
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depending on requirements for downstream pro-
cessing of the yarn.

8.0

75

70

6.5

15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Yarn count [Ne]

«=m== Delivery speed 340 m/min Delivery speed 360 m/min - Q95 Weak places

e Delivery speed 380 m/min Delivery speed 400/410 m/min The finer the yarn, the greater the positive influ-
ence of increasing cut staple length. The weak
places in terms of tenacity and elongation relate to
0.1 % of the measured values.

Fig. 23 Yarn elongation

Weak places (tenacity) vs. delivery speed on air-jet spinning machine .
100 % Tencel, 1.3 dtex, Ne 50 The effect of delivery speed on the weak places

only becomes apparent here with fine-count

5 () () T UM EME TS MUT UMM

B e yarns such as Ne 36 and Ne 50, but not with
coarser yarns such as Ne 18.

260 444444444444444444444444444444444444444

A large number of fibers in the yarn cross-section
inevitably results in fewer weak places in the yarn.
0 That is to say, the finer the yarn, the greater the
<<<<<<<<<< number of weak places. The danger here is that
,,,,,,,,,, the weak places reach a critical level where a yarn
break can occur (Fig. 24).

Breaking Fmax P 0.1 [cN]

f19)6) o000000000005009300300000TBIOATINIIOTIOIBINIIBAOTIOTIIBITOTICAIAOTITIICIIIIOTICAIAIAIOTOCIFAIIOICIACIIIBIOTICAIOIOTCID
100
330 340 350 360 370 380 390 400 410 420
Delivery speed [m/min]
wmg== Cut length 44 mm/FFE 1.2 mm Cut length 42 mm/FFE 0.8 mm
w=gp==Cut length 38 mm/FFE 0.8 mm Cut length 36 mm/FFE 0.8 mm

Fig. 24 Weak places



Force [N]

Weak places tenacity vs. delivery speed on air-jet spinning machine
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Fig. 26 Weak places
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Fig. 27 Weak places
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The tenacity/elongation profile displays a smaller
variation for the longer fibers (44 mm) than for
the 36 mm staple length. Furthermore, the vari-
ance of finer yarns increases irrespective of fiber
length, and mean tenacity and elongation values
decline (Fig. 25).

The values thus come ever closer to the cri-
tical range in which yarn breaks can occur in
downstream processing of the yarn (Fig. 26).

The number of fibers in the cross-section is around
90 in a yarn count of Ne 50 and a fiber fineness of
1.3 dtex. It is estimated that the limit for final spin-
ning is reached at a yarn count of approx. Ne 60,
i.e. 75 fibers in the cross-section (Fig. 27).
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Hairiness vs. delivery speed on air-jet spinning machine
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Fig. 29 Hairiness
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Hairiness

With increasing cut staple length it could have
been expected that this would result in reduced
hairiness in the yarn. However, this cannot be
confirmed. Longer cut fiber lengths of 42-44 mm
result in minimally higher hairiness across all yarn
counts than with cut staple lengths of 36-38 mm
(Fig. 28).

As a consequence the fabric hand in knitwear
could be somewhat softer with longer fibers.
However, this is not the case, as it emerged from
the subsequent assessment of a knitted fabric.
That is to say, the knitted fabric displayed a softer
hand with shorter fiber lengths.

Besides staple length, yarn hairiness is also very
dependent on fiber control between the delivery
cylinder nip at the entry to the fiber feed element
(FFE) and the fiber feed element to the spinning
tip (see Fig. 29).To this extent a longer cut staple
does not have to result in lower hairiness in every
case in air-jet spinning, since this also depends on
fiber control and integration.

It must also be borne in mind that in air-jet-spun
yarns hairiness is very low compared to ring-
spun or rotor-spun yarn. Somewhat greater hairi-
ness in air-jet-spun yarn can therefore also be an
advantage in a textile fabric structure.

[t is important that an increase in hairiness for the
given or same yarn tenacity is an advantage for fur-
ther processing of yarn.



Hairiness vs. delivery speed on air-jet spinning machine
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Delivery speed displays a much more significant
influence on hairiness. With increasing delivery
speed hairiness increases significantly; this is
attributable to the change in yarn twist, i.e. the
formation of the wrapping fibers.

The larger the number of fibers in the cross-section,
i.e. the coarser the yarn with the same twist, the
greater the hairiness due to the higher number of
fibers around the surface of the yarn (Fig. 30). A
coarser yarn will therefore always display greater
hairiness. This applies to ring-spun, rotor-spun and
also air-jet-spun yarns.

On the basis of the influences listed, a correlation
exists between yarn tenacity and hairiness in a
finer yarn. This is the case as soon as influencing
factors such as twist changes or selection of tech-
nology components are greater than the influence
of yarn mass.

That is to say, as long as the yarn count is relatively
coarse, such as Ne 18, and there is thus no loss of
tenacity with increasing delivery speed, there is
also virtually no correlation between tenacity and
hairiness (Fig. 31).

However, as soon as yarns become finer, as with
Ne 36 and Ne 50, a corresponding correlation
exists between tenacity and hairiness (Fig. 32).
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Yarn structure

Yarn twist

Absolute yarn twist in an air-jet-spun yarn cannot be
measured using the conventional twist measuring
method due to its structure of wrapping fibers and
core fibers.

The yarn was therefore untwisted under a microscope
over a gauge length of 20 mm until the wrapping
fibers were as parallel as possible with the axis of the
yarn. However, this involves a certain degree of inac-
curacy, since not all wrapping fibers cover the yarn
core exactly and uniformly and therefore also cannot
be precisely untwisted (Fig. 33).

The measuring method enables the absolute yarn
twist of the wrapping fibers to be defined. However,
it should not be forgotten here that the twist in air-jet
yarn relates only to the wrapping fibers. It should be
understood that the twist and twist factor of the air-
jet yarn does not influence the yarn tenacity to the
same degree as with ring yarn.

No differences in yarn twist were apparent between
the individual cut staple lengths. In order to make the
definition of yarn twist, i.e. of the measuring method-
ology, more informative, the mean value of the differ-
ent fiber lengths was therefore calculated.

The measured twist does not indicate the effect of
delivery speed for each yarn count due to the meas-
uring problems already described. In a coarser yarn
(Ne 18) the effect of delivery speed on yarn twist was
not apparent. However, in finer yarns (Ne 36, Ne 50)
the reduction in yarn twist with rising delivery
speeds on the air-jet spinning machine was clearly
apparent (Fig. 34).

The reduction in twist also results in a change in yarn
structure. To this extent certain structures in the form
of neps can be detected during yarn regularity meas-
urement, depending on yarn count.

Twist vs. delivery speed on air-jet spinning machine
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Fig. 33 Microscopic measuring method

Fig. 34 Twist



Twist vs. delivery speed on air-jet spinning machine
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Wrapping fibers vs. delivery speed on air-jet spinning machine

100 % Tencel, 1.3 dtex, 38 mm

Wrapping fibers [%)]

=== Delivery speed 340 m/min

w=te== Delivery speed 380 m/min

Fig. 36 Proportion of wrapping fibers

30 33 36 39 42 45 48 51 54 57 60

Yarn count [Ne]

Delivery speed 360 m/min
Delivery speed 400/410 m/min

. . . Rieter . Processing TENCEL® fibers 21

Yarn twist is not influenced- or at least not signifi-
cantly - by yarn count. The reason for this is pre-
sumably that virtually the same energy is expended
to twist the wrapping fibers regardless of yarn
count. The number of yarn twists per unit of length
is thus constant, regardless of yarn count (Fig. 35).

Yarn twist is affected by:

+ higher delivery speeds, at which yarn twist
declines,

« spinning pressure and flow conditions, i.e.
fiber sun speed,

- friction conditions in the spinning chamber
between the fibers and technology compo-
nents, such as surface and shape.

Yarn twist is not affected by:
- fiber staple length
« yarn count (no significant effect)

The following equation thus applies at least:
1

Oy~
V = delivery speed

Proportion of wrapping fibers

No clear influence of cut staple length on the pro-
portion of wrapping fibers is apparent. Despite
variance, a minimal increase in wrapping fibers is
apparent with increasing delivery speed.

The relative proportion of wrapping fibers is pri-
marily dependent on yarn count. If the absolute
number of wrapping fibers remains constant over
yarn count, the relative proportion of wrapping
fibers must increase with finer yarn. For example,
the proportion of wrapping fibers is approx. 17 %
in an Ne 18 yarn count and approx. 25 % in an

Ne 50 yarn count (Fig. 36). We know
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36 mm, Ne 18,
om 193.8, 340 m/min

36 mm, Ne 18,
om 192.0, 400 m/min
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om 205.6, 340 m/min
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Fig. 37 Yarn twist angle
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Fig. 38 Yarn twist angle

from numerous studies already conducted that
the fiber bundle in the FFE is bulkier due to lower
spinning tension. This enables the outer fibers to
be formed more easily to wrapping fibers when
the fiber balloon speed is subsequently imparted
than in the case of a compact fiber bundle, i.e.
high spinning draft.

The wrapping fiber therefore depends primarily
on the following parameters:

« yarn count

« delivery speed

- spinning draft

Yarn twist angle

The short length of yarn means that visual assess-
ment using a microscope does not enable a com-
plete assessment of the yarn structure between
the different cut staples to be made. The yarn twist
angle of the wrapping fibers at the different deliv-
ery speeds is shown in Fig. 37 and 38.

The angle becomes smaller with increasing delivery
speed, e.g. from 340 m/min to 400 m/min. A small
yarn twist angle with increasing delivery speed is
therefore equivalent to a reduction in yarn twist.

The yarn twist angle differs visually here and
not between the different yarn counts, which has
already been confirmed on the basis of the twist
measurement.



Yarn diameter

Yarn diameter with the same yarn count, i.e. yarn
mass, describes the bulk which in turn influences the
pile density, i.e. visual regularity in the final article.

Staple length has only negligible influence - on

the yarn diameter of air-jet-spun yarns. A negligibly
larger yarn diameter is apparent with longer cut sta-
ple only in very fine yarn, such as Ne 50.

Here again delivery speed has a clear influence on yarn
diameter. Yarn diameter increases with increasing
delivery speed. Findings to date also confirm that the
compressive forces must affect yarn density and thus
also yarn diameter (Fig. 39). The following equation
therefore applies:

d=V
V = delivery speed

Diameter vs. delivery speed on air-jet spinning machine
100 % Tencel, 1.3 dtex, 38 mm
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Fig. 39 Yarn diameter
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Fig. 40 Reutlingen Webtester

Abrasion resistance (Webtester)

The abrasion resistance of the yarns is a further
important criterion in subsequent stages of down-
stream processing of the yarn and for the service-
ability properties of the textile fabrics. The resist-
ance of the yarns to a specified number of abrasion
cycles on the yarn bundle was measured by means
of the Reutlingen Webtester for this purpose. This
measuring method enables, for example, the resist-
ance of the yarns when used as warp ends in weav-
ing to be simulated. However, the measured val-
ues are also an excellent criterion of the precision
of fiber integration in the yarn. It can be assumed
here that an abrasion-resistant yarn offers advan-
tages not only in the weaving process, but at all
downstream processing stages as far as the proper-
ties of the textile fabric (Fig. 40).

It should be noted here that the numbers of cycles
measured should only be regarded as relative
numerical values. The absolute numerical values
in this measuring method are very dependent on
equipment settings, i.e. the general conditions pre-
vailing with this test method.

The studies of air-jet-spun yarns show that yarn
count and delivery speed have a significant influ-
ence on the maximum achievable number of abra-
sion cycles.

The coarser the yarn and the lower the deliv-
ery speed, the higher the maximum achievable
number of abrasion cycles before the yarn is per-
manently deformed. The reason for this effect

is that the smaller yarn twist angle reduces the
frictional forces between the fibers as delivery
speed increases. However, since fiber strength of
approx. 37 cN/tex is very high and the fibers are
very long with a cut staple length of 38-44 mm,
plastic deformation, i.e. extension of the yarn,
occurs rather than breakage (Fig. 41).

The fewer fibers present in the cross-section, the
greater the reduction in mutual frictional forces.
The yarns display plastic deformation sooner,
i.e. the number of abrasion cycles declines. The
results show that the number of abrasion cycles
can be changed by the yarn twist angle (delivery
speed) and the relative proportion of wrapping
fibers (yarn count).
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After cycles

Fig 41 Plastic deformation of the yarn

Abrasion resistance vs. delivery speed on air-jet spinning machine
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The following relationships can be established for

the yarn integration angle:

- the lesser the yarn twist angle and the larger the
relative proportion of wrapping fibers, the sooner
the yarn is deformed under mechanical stress,

- the lesser the yarn twist angle, the softer the hand
of the knitted fabric; the yarn tenacity require-
ments in knitting are not very high, so that a high
delivery speed can be used for knitting appli-
cations, while lower speeds should be used in
weaving.

The number of wrapping fibers increases in a
finer yarn. This should have a positive impact on
fiber/fiber friction, but the influence of the number
of fibers in the cross-section is much greater than
the effect of wrapping fiber numbers.

Plastic deformation (EP) under tension and abra-

sion stress is therefore inversely proportional:

+ to the yarn twist angle (B),

+ to the number of fibers in the cross-section
(AQ) and

+ to the number of wrapping fibers (UFg)

No influence of fiber cut staple length on the num-

ber of abrasion cycles could be established.

In order to increase the proportion of wrapping fib-
ers with a constant number of fibers in the cross-
section, a higher fiber sun speed would have to be
applied.
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36 mm, Ne 18,
om 193.8, 340 m/min
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Fig. 43 Fiber shifting
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Fig. 44 Fiber shifting

Therefore:
1
B xAQ x UFg
where EP = 1/n turns

EP=

Plastic deformation under tension and abrasion
stress on the yarn must be counteracted by select-
ing the correct spinning elements and settings,
depending on downstream processing require-
ments for the yarn.

The study was also intended to point out the physi-
cal limits and relationships. Only in this way is it
possible to use the yarns selectively and appropri-
ately in downstream processing. For example, if
air-jet-spun yarns are used as warp ends in weav-
ing, yarn elasticity which is too low can result in
problems. The impact on service-ability properties
in the finished textile product, for example after

a certain number of washing cycles, must also be
taken into consideration here.

If plastic deformation under excessive stress

is too high, the final article can display too lit-
tle dimensional stability. This effect can make
itself unfavorably apparent in «bagging» of the
fabric when the final article is used under severe
stress. The delivery speed on the air-jet spinning
machine should be reduced in order to counter-
act this effect.

The study shows that yarns which record a lower
number of abrasion cycles (e.g. Ne 50) undergo
plastic deformation more quickly under stress
(Fig. 42).



End Spinning Process
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Fig. 46 Yarn manufacturing costs: air-jet-spun yarn vs. ring-spun yarn
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After ascertaining the maximum number of abra-
sion cycles until shortly before fiber breakage,
visual appearance with regard to fiber «abra-
sion» must also be observed. This finding has
repeatedly become apparent to date when using
air-jet-spun yarns. The yarn structure is very
abrasion-resistant, which is also evident in the
exceptionally good pilling values of the textile
product.

This shows that virtually no fiber abrasion occurs
in air-jet-spun yarns (Fig. 43/44).

Yarn manufacturing costs

The finer the air-jet-spun yarn, the greater the
advantages of higher delivery speeds for yarn
manufacturing costs.

Due to the high capital costs of air-jet spin-

ning technology, yarn manufacturing costs for

a yarn count of Ne 50 are € 1.35 and therefore
at the same level as those of a ring-spun yarn.
Yarn manufacturing costs for an air-jet-spun yarn
used in knitting and the associated higher deliv-
ery speed of 400 m/min are 10 % lower than for a
ring-spun yarn (Fig. 45/46).
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Summary

TENCEL® fibers in 36 and 38 mm staple lengths can
be processed very satisfactorily on the C 60 card
with nep reduction of 90 % and minimal fiber stress
with only 10 % strength loss.

The fiber length of 38 mm displays the best values for
the incidence of neps over the spinning process.

No clear trends or differences are apparent with
regard to irregularity and thin and thick places up to
a yarn count of Ne 36. Only with a finer yarn, such as
Ne 50, can better regularity results and a lower num-
ber of thin and thick places be achieved with increas-
ing cut staple length.

A longer cut staple length has no general advantages
in tenacity with yarns in the Ne 18 and Ne 36 range.
However, greater yarn elongation is observed in
finer yarns.

No clear impact of cut staple length on the proportion
of wrapping fibers is to be observed. With regard to
the relative number of wrapping fibers there is a clear
dependence on fiber mass, i.e. fiber fineness. The
number of wrapping fibers increases with finer yarn.
For example, wrapping fiber proportions of approx.
17 % and 25 % are recorded with yarn counts of Ne
18 and Ne 50, respectively.

Yarn tenacity, hairiness and elongation are clearly
affected by delivery speed on the air-jet spinning
machine, depending on yarn count. Depending on the
sphere of application of the yarn, the optimal delivery
speed must therefore be established. The higher the
delivery speed, the softer the hand but the lower the
yarn tenacity and elongation.

The limit to the number of fibers in the cross-section
is soon reached at a yarn count of Ne 50 with a fiber
fineness of 1.3 dtex. It is estimated that the final
spinning limit is reached with a yarn count of approx.
Ne 60, i.e. 75 fibers in the cross-section.

Air-jet-spun yarn displays no abrasion on the yarn
bundle under abrasion stress. This favorable effect
of air-jet-spun yarn has already been pointed out

a number of times in various studies (refer also to
Rieter offprint No. 2218). These advantages are inde-
pendent of fiber length and are determined only by
the yarn structure.
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Technology components of the air-jet spinning machine
The selection of technology components listed below
enable the optimal settings to be found, depending on
application, raw material and yarn count (Fig. 47).
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Fig. 47 Technology components
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