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ABSTRACT



An investigation has been carried out into the twist

blockage which may occur when yarns pass over guides or other

surfaces.

The influence of primary physical parameters such as surface

curvature, arc and length of contact, yarn twist level and tension

and yarn/surface friction have been investigated together with
secondary parameters such as yarn surface, pressure, angle of approach
etc.

As a result of these investigations, three mechanisms of
blockage have been identified. The first of these occurs especially
with doubled yarn in which the components lie side by side on the
guide surface and blocked twist builds up until sufficient torque 1is
developed to turn the yarn over against the couple generated by the
components of yarn tension and reaction on the guide surface.

In the second mechanism blocking torque is generated by

components of friction on the yarn surface at right angles to the yarn
axis. These orthogonal friction components may arise from interaction
between the topography of the twisted yarn surface and the guide
surface or may be generated by forces arising from an angular orient-
ation of yarn to guide.

The third mechanism is intermediate between the other two

where a singles yarn (or its equivalent) is flattened on the surface

and resistance to twist transmission is generated partly by internal

friction within the yarn and partly by yarn/guide frictional forces.

The main circumstances under which these different mechanisms

may operate, have been identified and suggestions made for minimising

the blockage of twist.
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CHAPTER 1

GUIDES AND TEXTILE MANUFACTURING



1.0 Introduction

Textile guides are widely used in most textile manufacturing

processes. The greater number are used as yarn guides.

Yarn, after it is first produced by twisting staple fibre
together in spinning or by extrusion, usually has to be processed
through one or more further steps to convert it into a useful product.

In yarn production and subsequent processes, the yarn may have
to move through a relatively long machine path and usually will have

to change its direction with the help of yarn guides. Plate 1.1, Figs.

1.1, 1.2, 1.3, 1.4 illustrate changes of direction of yarn path for

several different yarn processes.

Guides may be of two types: stationary or rotating. With

stationary guides the most commonly used, the yarn simply slides over

its surface. With rotating guides, there is no slip between yarn and

guide as the latter rotate freely like a pulley wheel. Although the
traveller in ring spinning or the sapphire pin in the twist tube of the
false twisting process are in motion, the yarn slides on their surface

s0 they may effectively operate as stationary guides.

Obviously, the reaction of a yarn passing over guides may be
sensitive to the guide surface finish, curvature, arc of contact, yarn
speed, initial tension, amount and viscosity of any lubricant and the
yarn twist level. In addition to this, the properties of guide materials
can be a very important factor governing the yarn quality. Friction
between yarn and guides, for example, can cause either damage to the

gulde, or an abrasion to the yarn or may change the twist regularity

of the yarn [1,2].
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FIG. 1.1: Yarn path of Bentley's ST4 single
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From these observations and other examples discussed in
the next chapter, it will be seen that when a yarn is drawn over a
guide surface, a number of phenomena may occur. The tension ratio
across the guide increases, heat is generated due to the friction,
the guide may act as a barrier to twist, and damage may be caused to
the fibres or filaments.

In fact, much has been reported concerning the friction and
wear aspects of yarn moving over guides, but most of these studies
have been concerned with the effects of yarns on guides rather than
the effect of guides on yarns. Thus in some of the most recent studies

[3] it has been shown that there is a significant relationship between
the structure of geometry of the yarn and the wear patterns they

generate on surfaces over which they pass.

On the other hand, little attention has been devoted to the
influence of contact with surfaces on the structure and properties
of yarns. It is one aspect of this: the phenomenon of twist blockage

or twist congestion which is the subject of this thesis.

1.1 What is twist blockage?

During the movement of twisted yarn over a guide surface it

1s frequently noticed that there is an accumulation of twist in front

of the contact region due to the contact forces pushing the twist back,
along the yarn, against the direction of yarn movement, Plate 1.2ﬁfThis

zone before the guide may be regarded as a false-twist region and the

yarn rotates in this zonez/f

The direction of the false-twist depends, however, on the

nominal twist in the incoming yarn. If the yarn twist is S twist,
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,/fthe congested or blocked (false) twist will also be 'S' twist; 1if

the twist is 'Z' the blocked twist will also be 'Z' twist./
Another type of twist blockage can occur when a deliberate

real twisting or false twisting operation is carried out. In ring

spinning or false-twist texturing, for example, a spindle rotates the
yarn and twist is deliberately fed upstream against the flow of yarn.
The upstream movement of this twist may also be blocked to a greater

Fy T

or lesser degree if the yarn passes over a guide or similar surface.
Thus, according to the type of processing, twist in a yarn may be
pushed either against the direction of yarn movement or may be

prevented from moving in that direction along the threadline.//Down-
stream blockage is defined as the prevention of the transmission of

yarn twist in the same direction as the yarn flow; upstream blockage

1s defined as the prevention of twist propagation in a direction

opposite to the yarn flowﬁ/

Figure 1.5 illustrates diagrammatically downstream twist

blockage. In nonrotating threadlines(i.e. no positive false twist
device), 'AB' is considered as the blocked zone where an additional
false twist (twist congestion) is added to the initial twist. The
additional false twist is generated or caused by guide 'B' which

1s acting as a passive false-twist element. It is obvious that the

desired flow of twist is downstream with the direction of the yarn

(indicated by the arrows).

Figure 1.6 shows diagrammatically a rotating threadline: 6a

where real twist is being generated e.g. ring spinning, 6b with a

positive false twist device. The twist inserted in the yarn by the
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twister is fed upstream from 'C' towards 'A' across the guide 'B'.
Under such circumstances the desired movement of twist is upstream

in the opposite direction of the yarn flow (indicated by the arrows).

However, the twist movement may be inhibited by the guide 'B' rather

than transmitted freely to the point 'A°’.

In both cases the magnitude of the blocked twist depends on
the torque generated by the frictional or other forces over the
contact region. Thus, the torque [2] values can be varied by changing

the configuration and the position of the yarn over the contact surface,

as well as by changing the levels of friction or tension and other

yarn parameters.

Some examples of twist blockage in industrial processes will

be described in the next Chapter.
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CHAPTER 2

TWIST BLOCKAGE IN INDUSTRIAL

YARN AND FABRIC PROCESSING



2.1 Yarn manufacturing

2.1.1 Winding

The winding of yarn packages of various types (cheeses,cones
etc.) either as a process in itself or as an integral part of other
processes is found throughout yarn production and processing. Some
winding processes operate at speeds up to 6000 m/min, in high speed
extrusion for example, although speeds of up to 2000 m/min are more
common in other processes. /Because of the high speed and the effect
of the movement of the twisted yarn over the surface of the machine
elements (tension devices, pigtail, traverse guide etc.) twist
blockage may occur either at random frequency or at the frequency of
traversq/ﬁ

Redistribution of the twist along the yarn will be inhibited
because of the relatively short distances between machine elements.

Thus in adverse circumstances, a significant twist variation (irregular

or cyclic) along the yarn may take place.

2.1.2 Ring spinning

One preparatory process for spinning where twist blockage was
reported is in the production of roving [4] from sliver. As the fibres
are in the form of a loose rope, it is necessary to insert some twist
to hold the fibres together adequately for the next process of spinning.

//;t was observed that twist accumulation occurred at the region bétween
the draft system and the flyer causing a higher level of twist than
generated by the flyer rotation// In fact periodic escape of this
twist may lead to some twist variation in the wound roving and difficulty

may then occur, in subsequent spinning processes, in the highly twisted
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portions, with their lower drafting tendency. In practice, this
may lead to a high breakage rate, with more waste of material and
lower spinning efficiency7/’

In ring spinning, a similar observation was made. The yarn
passes frdm the draft roller, through the balloon limiting ring. A
twist variation [5,6] was observed within these regions.%flt was
claimed that this twist variation was due to the friction between
the rotating yarn and the balloon limiting ring which causes twist
reduction in the spinning zoni/’ Figure 2.1A shows diagrammatically

the twist distribution in different portions of the spinning region

in the absence of the limiting ring. The'C' and 'D' portions
represent a higher and lower twist value respectively than portion 'A’
(nominal twist). Figure 2.1B shows the twist distribution for the

same regions, when the balloon limiting ring is used, whereby the
lowest twist insertion is at the region between the nip point (d) and
the guide eye (c¢). The highest twist (due to the additional false

twist) is at portion 'B', in comparison with the nominal twist (portion
A). It was stated [7] that the variation in twist has two undesirable
effects. Firstly, the lower twist in the spinning zone produces a

lower torsional stress, which may be insufficient under certain
circumstances to pack the fibres closely together. This can 1eéd to a
lower strength in the yarn at the yarn formation point and the rate of
end breaks may increase. Secondly, the twist propagation will
effectively cause an irregular twist distribution to occur along the

yarn between the nose and the shoulder of the yarn package during the

building of the package.
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FIG. 2.1: Twist distribution in ring spinning
process



18

Actually, the twist blockage poritons in the yarn wound on
the package are due to a periodic change of the spinning tension,
which permit the twist to move in a surge beyond the traveller.
This fact is supported by De-Barr et al [6,8,9]; they have shown
that there is a higher twist in the yarn balloon than in the spun yarn,
also they pointed out that it is necessary to build up a torque in
the varn to overcome the friction between the yarn and traveller.
It was mentioned elsewhere [7] that the thread guide and

traveller contribute a friction resistance to the yarn movement through
them and the tension of the yarn in the downstream region must be

equal to or greater than in-the upstream region. However, as Fig. 2.2

demonstrates, the twist flows through the traveller in the same

direction as the yarn flow, while the yarn and twist are moving in

opposite directions across the thread guide.

Regarding the effect of spindle speed and spinning tension

on the number of end-breaks, it was suggested [10,11] that the eyelet
(yarn guide) in the lappet tends to act as a moderate twist barrier

with the result that the twist generated by the rotating traveller
rarely or never reaches its full amount in portion 'A' near the nip of
the front roller. Consequently this small region has less twist and
forms a weak place in the emerging thread. The instantaneous strength
of the yarn at the roller nip is, therefore, affected by the twist.

In fact these assumptions are in conflict with the reported observation

[7) that the thread guide offers considerably lower resistance to the

movement of twist than does the traveller. This is attributed to the

radius of curvature of the thread guide and its angle of wrap being
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greater and smaller respectively. However, twist blockage may be
considered advantageous in relation to thestrengthening of yarn in

the spinning zone, as it helps to reduce the end breakage rate.

This has been applied by Kampen [12], for the purpose of
improving yarn breaks in the ring process; he tried to impart a

false twist or reduce the friction against the yarn guide.

2.1.3 Repco spinning

In Repco or self-twist spinning [13] the twist distribution

in the yarn was found to depend, not only on the condition of spinning

or theactual level of the self-twist, but also to depend on the
winding tension and twist-blockage at guides. The combined effects

of these parameters modify the twist on the package. As the strands

come from the twisting roller to lap over a pair of convergence guides,

it was found that the length of the twist changeover was influenced

by the shape and the form of these guides. However, Fig. 2.3 shows
diagrammatically the effect Sf the overlapped convergence guide which
in turn increased the angle and the length of contact. This type of
guide gives a significantly shorter changeover than the simple form
(a) of convergence guide. On the other hand, self-twisted yarn is not
capable of withstanding the warping and weaving process [14,15] where,

due to tension and drag over contact surfaces on the weaving machine,

the ply tiwst is greatly reduced.

2.1.4 Open-end spinning
In rotor spinning, a higher twist factor than that normally

used in ring spinning has to be employed. It is possible to use a low
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twist multiplier as a result of true twist running back from the
yarn and the presence of temporary additional twist in the yarn end
[16,17]. This additional twist (false twist) arises from the effect

of frictional contact of the rotating yarn with both the doffing tube

and yarn guide of the winding system [18,19].

Table 2.1 shows that the direction of the additional twist

(accumulated twist) is the same direction of the true twist [20]
insertion (i.e. downstream blockage), whether the yarn is withdrawn

from the front or back of the rotor, or with clockwise or anticlockwise

rotation.
However, the advantage of this false twist is, that the running
back of the twist to the twistless portion of the peeling point tends

to strengthen the fibre assembly which, in turn, enables it to with-

stand the centrifugal forces and decreases the end breakage rate.
It was also reported [21,22] that if deeply grooved navels are
used, then there 1s a possibility of twist waves occurring. The nature

of the fibre, the geometry of the navel and the condition of spinning,

all affect the false twist developed inside the rotor.

2.1.5 Two-for-one twister

///;n two-for-one twisting systems, the yarn passes from the
stationary supply package (Fig. 1.2) down the package centre to the
rotor situated underneath the packages, it then passes radially outwards

and is caused to balloon around the package holders by the rotation of

the rotor. Two turns of twist are inserted in the yarn for each

e

revolution of the rotor, one in the centre tube and one in the balloonk//’
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TABLE 2.1
Twist in yarn arm
Rotor direction Yarn take-off Permanent Twist blockage
Clockwise Front Z Z
Back S S
Anti-clockwise Front S S
Back Z Z
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During 1its passage,the yarn passes over a number of machine elements

which may generate twist blockage, causing twist variation. These
include the tensioning devices or entry guide at the top of the centre
tube, the rotor exit orifice, the pigtail guide above the package,
the take-up roller and the traverse guide. Due to the interaction

between these elements and the twisted yarn, twist accumulation

might occur. At the top of the centre tube, upstream blockage may

occur, but at all other points the twist is inhlibited from moving

forward along with the yarn movement [23] and, therefore, downstream

blockage occurs.

The twist blockage phenomenon in the two-for-one process can

be observed in the wound yarn package. Obviously, as there is
insufficient length of twisted yarn between the friction drum and the
package, any escaping accumulated twist is incapable of redistributing

itself, thus resulting in twist waves in the yarn. However, not only

the elements in contact with the yarn cause twist blockage but

blockage may also arise from the tension variation during the yarn

traversing motion. The tension increases as long as the traverse
guide moves from the middle position to either of the two ends of its
stroke, but reduces in its return to the centre. Intermittent twist

blockage governed by the reversals thus might occur.

When a conical take-up package is used, take-up speed will
vary and again tension will not be constant. In these two cases:
blockage may occur at single or double traverse frequency,
respectively [24]. 1In accordance with this, it has been stated that
streakiness [23] has been observed in woven fabric made from two-for-
one doubled twisted yarn. This fault has been attributed to the

twist irregularity in the yarn. It was also claimed [25] that the



cockling phenomenon in plain knitted single Jjersey fully fashioned

garments is connected with twist variation in low doubling-twist,
twisted yarn of a relatively high linear yarn density and that the
form of twisting machine [26] (two-for-one, ring twister etec.) used

for plying and twisting the yarn can have a significant influence on

the variation of the twist.

2.1.6 False-~twist texturing
JﬁFalse-twist texturing is an example of a process where twist
propagation is in the opposite direction to the yarn movemeng/f
/Eh the modern false-twist texturing processes, the yarn
has a relatively long path (Fig. 1.3) also, in most cases,changes
its directiog/* It was observed [27] that the deflection in the yarn

path betweenthe exit of the heater and the entrance to the cooling

zone, before the false-twisting device, causes a twist reduction on

the heater 1.ev/£wist is blocked in front of the deflection poingz//f

In addition, it is explained that the yarn tension between this point

and (friction) false-twisting head was increased due to twist

accumulation, while tension is reduced at the draw point. It has been

thought that Fhe threadline must run straight (28] with a minimum
number of yarn guides between the draw point and the twistery//éach

of these between the draw region and twister is capable of preventing
twist running upstream satisfactorilx/” It is recognised, howeve%,
that the major problem in the primary zone {29,30,31] is that the path
deflection acts as an obstacle to the transmission of twist upstream

from the twister to the primary heater and the draw point. The twist

accumulation not only depends on the existence of a guide in the
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yarn path but also depends on the twist level, the tension and the
angular deflection round the guide. Another factor influencing
twist hold-back, is the type and diameter of guides around which the

path changes direction.

.//bf'these factors, the last is probably the most important
because on a guide of small radius, the yarn is forced to bend more
on rolling, and the pressure on the yarn causing it to deform in
cross-section is greater. The initial energy loss on dragging and
bending is, therefore, increased. Twist loss may thus become critical
when guide radii are very small;/f

With the pin spindle [32,33] used on older texturing machines,

1t was reported that the nature of the eyelet guide (Fig. 2.4) may
influence the twist formation; factors such as degree of polishing

also have their effects.

It is also expected that an increase of yarn tension makes
1t difficult for the twist in the yarn to pass through the eyelet guide

and this hinders the inserted twist from moving forward with the yarn.
An accumulation (or rolling) of the twist takes place which causes an
overtwisting. On the other hand it was pointed out [34] that a high

varn twist level tends po develop high torque which is sufficient to
overcome the frictional resistance in the pin spindle. The yarn is,
therefore, able to slip over the pin. This behaviour causes a reduction
of yarn tension as well as in the absolute twist in the yarn, and the

effect is cumulative, leading to instability. Lower twist levels would

produce a coarse and harsh crepe-like effect in fabric. The yarn

strength may also decrease due to a draw ratio variation along the yarn
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resulting from the tension variation, this results in an increase
in end breakage rate and gives rise to variable dye affinity and other

problems.

2.2 Fabric manufacture and other processes

2.2.1 Warging

There is perhaps no part of the textile industry which requires

more precise control, than that concerned with the processing of

synthetic yarns. It is very important that the tension be controlled

in manufacturing these types of yarns in such processes as spinning,

in twisting and in winding.
However, of all the processes encountered, the tension in

warping is perhaps the most critical. It is essential therefore to

control the warping tension by using adequate tensioning devices. It

was observed that [35,36] variation in twist along the length of the

yarn caused by the snubbing action of guides and the tension device

affected the final tension in warping.

It was also stated that [36], as the twist builds up in front

of the guide (or tension device), the final tension increased. It

was emphasised that low twisted yarn registered a higher final tension.
It is therefore a basic necessity when applying tension for the purpose
of successfully performing the warping process to choose the proper
tension device with a yarn guide of suitable shape. Any variation in

the average tension in warping will affect the density of the beam

and will show up as ridges on the surface of the beamn.

Obviously, when this yarn is withdrawn from the beam to be

woven, some of the ends will be tighter in fabric since a shorter
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length of yarn has been wound in the valleys between the ridges than
on the ridges.

Actually this condition, if of sufficiently great magnitude,
may cause stretching of the tight ends and under any circumstances it
may cause warp streaks.

Generally for the purpose of weaving and production of high

quality fabric, the yarn path [36] in beaming should be as simple as
possible and the number of contact points kept to a minimum to minimize

the effect of twist accumulation.

2.2.2 WarE sizing

In preparing yarn for sizing process, mills are using different

systems [37] of beam creeling and methods of threading such as over-
head, single beam with guide roller, over and under creeling.

The passage of the yarn through these processes presents

no difficulties, but the apparent problem occurs when the yarn moves
under tension over the lease rods and the rollers of the size box.
Although these rollers, which in some cases can be 1.5" in diameter,

are rotating around their own axes, because the yarn is under strain,

it is possible for it to flatten over the rollers. This is particularly
érue of low-twist yarn. Thus yarn flattenning [38] may force the

yarn twist to run back and leave the yarn in a condition of twist
deficiency. This problem can be amplified when the negative tension

application method is used in which the tension should gradually decrease

as the beam to be sized decreases in diameter. With the existence of

twist variation due to twist congestion the yarn will be weakened;

this, in turn, might give rise to increases in the end breakage rate

at the weaving process.
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2.2.3 Weaving

There are several points in weaving where either warp or
weft yarn rubs on machine components, or machine parts rub along
the surface of yarns. In either case, twist displacement is possible.
For example [39], twist displacement may take place at the heald eye
(particularly when the shed is open at the time of the beating up
operation). Because the radius of curvature of the contact surface
of the heald eye is comparatively small, and due to the sudden high
tension during the beat up operation, the pressure on the yarn tends
to be high over the contact surface. Consequently, thread strength
might be decreased as a result of twist displacement.

In conventional weaving during the period of picking (shuttle
acceleration) the weft yarn could be under relatively high tension,

passing through the shuttle eye[40]. It has been reported that twist
accumulation occurred between the shuttle eye and the pirn [41]. This
twist accumulation may appear as snarls resulting in weft slubs in

cloth.

Traditionally, shuttle manufacturers always tried to keep
weft yarn unwinding under constant tension during the time of picking
by fixing a pair of fur pleces inside the shuttle in the weft path,
nevertheless, such snarls (loops) tend to appear at the time of the

shuttle deceleration. The problem may be complicated by the snarls

forming a knot at the loop base.

Twist stopping is seen also in some unconventional 1looms,

such as rapier and other similar looms [42]. The weft is supplied

from a cone magazine, under a relatively high tension with a speed
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of approximately 600 m/min through a guide eye and during the period
of weft insertion, the weft slides over the edge of the two rapier

heads. It was reported [43] that under these circumstances, either

twist displacements or twist loss may occur.

The twist may also be pushed back in front of the guide eye
as well as in front of the edge of the rapier heads and thus cause

downstream blockage at this point also.

In view of these facts, twist congestion is greatly influenced
by the nominal twist, the shape of the guide, the type of tension device,
the initial yarn tension and angle of deflection. All factors have an
influence on the twist regularity in the yarn which may affect the yarn

strength and dyed appearance which in turnwill reflect on the fabric

properties.

2.2.4 Sewing

Threads of three folded yarn with a high level of twist are

commonly used in sewing. 1In relation to this and because of

1. The large number of points of deflection in the sewing threadline

2. The relatively high value of tension

3. The radius of curvature of the thread needle eye being not greater

than 0.5 mnm,

twist holdback can easily occur.

It was reported that [44] a significant loss in sewing yarn

strength has been experienced during the sewing process. The loss of

strength was attributed to the thread abrasion, and variation of
twist. Itwas demonstrated [45] that the needle eye, in particular, tends

to push the twist back. Figure 2.5A shows that the twist is accumulated
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in the region between the yarn guide and the thread needle eye.
The accumulation was very high at the moment of high tension, Fig.
2.5B, which at the time of picking up of the thread by the rotary
hook. The other guiding elements such as tension device and rotary

hook itself may also cause twist holdback. These changes in twist
considerably influence the sewing thread properties, leading to

higher breakage rates.

2.2.5 Tension measurement

Measurement of threadline tensions are normally carried out
by conventional means such as the Rothschild tensionmeter. The
introduction of the measuring head does influence the threadline.

It may act to an extent as a twist trap [46]. In a non-rotating
tiireadline the twist is held back rather than moving forwar&mwith the
varn flow (downstream blockage)but in tension measurements on rotating
yarns in spinning, twisting or false -twist texturing, a tensiometer

may block twist in the upstream direction. \

2.3 Possible effect of twist blockage in finishing

of woven fabric

2.3.1 Effect of twist in yarns

During the finishing of fabric, it was found that the amount
of twist inserted in the yarn has an influence on the shrinking,
felting and lustrous properties of the fabric whatever its constitution

and type. The fibres of less twisted yarn have a better opportunity

to shrink and felt than fibres of higher twisted yarn.



The apparent variation in the finished fabric is frequently

attributed to the twist variation (twist surging) [47] in the yarn

itself as well as to the mechanical processes of manufacturing the

fabric itself.

2.3.2 Scouring of fabric

2.3.2.1 Rope scouring machine

In this type of machine the fabric passes through an apparatus
in the form of a loose rope. No attempt is made to keep the fabric in
an open-width form and consequently it becomes irregularly folded [U48].

In practice, whilst the rope is moving over the machine guide

it tends to rotate around itself [49], some false twist is, therefore,

added to it.

During the scouring process, the rope moves through pressure

rollers (squeeze rollers). The pressure rollers tend to run back any
twist present in the rope, and this twist accumulates in front of the

rollers. Unfortunately, the thickness of the fabric rope tends to
increase at the accumulated-twist parts. Therefore the rope passing
through the pressure rollers will be subjected to considerably more
pressure at the twisted parts than the parts with less rope twist.
Although these parts will have less liquor, dirty nipped suds will be
trapped more effectively, and, also, the more effective the scouring,
the more shrinkage will be developed. On the other hand, however, the

greater the pressure the more the damage to the fabric.

2.3.3 Mercerization

Mercerized cotton is extensively employed in the production

of woven fabrics either to give a general lustrous appearance or where
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it is intended to show crimped blistered or crepon effects. The
highest degree of lustre is obtained not only in yarns containing a
certain specific number of turns, but also depends onthe regularity
of the twist along the yarn. In other words, the lustre is based on
the inclination angle of the turns.

Twist waves (twist congestion) will, therefore, give [49]
rise to different angles of inclination and consequently different
degrees of lustre. Also during tensioning the yarn, the greater the
angle of twist, the less the influence of the strain on the fibres in

the yarn.

The congested twist portions will have less tendency to

shrink and felt thanthe non-congested portions, and may prevent the

development of lustre. It was reported [50] that in an ordinary
twisted warp, a certain degree of lustre may be developed during

mercerization whereas,as the number of turns is increased,the lustre

will decrease.

During the manufacture of fabric the yarn undergoes a number

of different processes which may disturb the twist in the yarn. Such

fabric after mercerization will give an irregular lustre.

2.3.4 Bleaching

Yarn may be bleached in a variety of forms, such as cops,
spools or cheeses, beamed wraps, skeins and warps in rope form. ‘The
efficiency of bleaching of cotton warps, for example, will depend upon

the method selected for running the warps and the degree to which the

yarn may become twisted, compressed, entangled etc. One of the methods

of bleaching 1s to run the warps in rope form [48,51] through a machine



consisting of a series of tanks (boxes), provided with suitable

guides to carry the material through the solution and also through

guide pins and squeeze rollers.

The problem of twist congestion arises from the inherent

nature of the process involving moving a yarn or even rope over a

guide.

The tendency of the yarn (rope) to rotate around itself [49]
will lead to the formation of a false twisting effect. The twist
tends to run back and to accumulate in front of the guide.

When the acpumulated twist portions of the rope, which are
often larger in diameter, pass through squeeze rollers, which have
been adjusted so as to leave the proper amount of chemicals in the
rope to facilitate the bleaching process, these twist portions will

retain less of the chemicals and may become dry.

It has been emphasised that [51] care must be taken to avoid

drying of warps in spots, as this will lead to tender yarns and

defective bleaching.

Faults in fabric bleaching, due to uneven weaving, arise
from the fact that twist waves (surging) in warp and weft yarn may

be present due to the effect of twist congestion. This will show up

as a slight difference in colour or surface appearance and will become

more apparent when the fabric 1s held towards the light.

2.4 Summary and discussion

B

The foregoing short review of the effects of twist congestion

in textile manufacture has confirmed that there are two types of

twist congestion which can occur in textile processing.
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Firstly twist congestion may occur in non-rotating thread
line in such processes as winding, warping, weaving etc. where the
twist transmission is moving with the direction of the yarn movement
and is defined as downstream blockage.

Secondly, twist congestion may occur in rotating threadlines,
such as in ring spinning or false twist texturing where the twist
transmission is moving against the direction of the movement of the
yarn. The type of movement here is defined as upstream blockage.

Twist congestion may be involved in many processes of
converting textile fibres into finished materials. It is realised
through the limited information available that the effect of the

phenomenon on the yarn structure might influence some of the yarn

physical properties. It is recognised, however, that twist congestion

may be an advantage or a disadvantage, depending upon the nature of

the process.

Twist congestion can be usefully employed in rotating thread-
lines in such processes as 0.E. spinning. The running of the twist
back 4nside the rotor will provide a greater cohesion of the fibrous
assembly in the twistless portion at the peeling point. Twist

congestion also strengthens the yarn temporarily in the rotating

threadline of the ring spinning processes.

In false twist draw-texturing, twist congestion may inhibit
full generation of twist on the heater and may cause a periodic

variation of' the yarn tension in the draw zone, resulting in crimp

level and draw ratio variations along the yarn length. This will

affect the final fabric in the form barre [47] which is particularly



noticeable in dyed fabrics, in which it may have the form of dye
shade or texture variation.

In non-rotating threadlines (weaving, knitting etc.) twist
variation can be noticed in the fabric as structural or shade
variation. In manufacturing of woven cloth from low twist filament

yarns, twist congestion may affect the weft thread in the form of

loops of yarn during weaving. These loops are sufficient to cause the

yarn to snarl which in turn affects the appearance of the fabric.

In the light of these observations, it is now firmly
believed that a proper understanding of the effect of the various

process parameters on twist congestion 1is of primary importance.

Nevertheless, in order to facilitate a better interprepation

of the experimental work, it was thought that a brief summary of the

previous investigations in the twist blockage field would throw some

light on the major parameters influencing this phenomenon.

The research to be reported in this thesis is, however,
restricted to an investigation of the problem of twist blockage in a

non-rotating threadline i.e. downstream blockage. A practical
approach towards minimizing or solving this problem is hoped for.

The twist blockage phenomenon has been investigated in the
light of factoré already mentioned. The findings of this investigation
initiated a basic approach to the study of the interaction of the
structural characteristic of the yarn with the guide surface. This

finally led to an improved understanding of the phenomenon.
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CHAPTER 3

SURVEY OF LITERATURE

RELATING TO TWIST BLOCKAGE
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3.1 Introduction
Inithe previous chapter, the types and sources of twist
”1'
blockage have been considered. It is now pertinent to consider briefly

the previously known effects of factors affecting twist blockage,

in both rotating and non-rotating threadlines, as discussed in the
published literature.

Before reviewing the literature it is of importance to note
that the terms twist blockage, twist congestion, twist runback, twist

;
accumulation, twist displacement are generally synonymous.

3.2 Factors affecting twist congestion

3.2.1 Downstream twist congestion in non-rotating threadlines

3.2.1.1 Introduction

In considering this type of twist congestion, the Shirley

Institute [40] found that the guide shape and size, the initial tension
and angle of wrap, havea very marked effect. The desirability of a low
initial yarn tension is appreciated whilst the final tension increases
with the angle of wrap, this increase of tension will tend to compensate
for the effect of a large angle of wrap on twist displacement.

In reviewing the factors affecting the twist congestion it is logical

however, to consider each factor separately as this may help to clarify

how the various factors might influence the phenomenon.

3.2.1.2 Effect of guide size (diameter)

The Shirley Institute [40] in a preliminary investigation found

that with a relatively small guide diameter, the accumulated twist in

front of a contact region could be several times greater than the nominal
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twist, but that even with guide diameter in excess of 25 mm, there is

still some pushing back of twist. Figure 3.1 shows the effect of
varying the guide diameter,on twist before the guide. In the same way

a highly significant positive correlation between the guide diameter
and twist accumulation was reported by Chan [52]. He studied this

factor at an arbitrarily selected angle of wrap of 750, using 167

decitex, 32 filament, 7.8 t.p.m. -continuous filament polyester yarn.

Chan used six different guide diameters ranging from 2 to 16 mm. His

conclusion indicated that the normal force or pressure which is expressed

T
in terms of force per unit length, —-ﬁ}-(wher‘e Ti is the initial tension

and R is the guide radius), had a major influence. It will be seen that
the pressure is highest with the smallest guide diameter. The twist
displacement, therefore, reduces as the gulde diameter is increased.

The same findings have been reported by Trommer [53]. He derived a
quite complicated theoretical analysis supported by experimental results

showing that twist accumulation in front of the contact surface
decreased as the gulde diameter increased. He used a range of guide

diameters with different levels of yarn twist. 1In agreement with the

Shirley Institute's observations, he also observed that at the higher

twist levels and large guide diameters there is still some twist

accumulation in front of the contact region. These workers, however,

neglected the factor of pressure over the guide surface. This factor

may be considered as a major parameter influencing twist blockage

behaviour.
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3.2.1.3 Effect of guide shape

Pavlov and Finkel'shtein [54] investigated the effect of
guide shape on the twist blockage phenomenon. They used two types of
guides, of a cylindrical and bracket form, with two methods of threading
a twisted cord over the surfaces. During the cord movement over the
contact surface, they found that it tends to rotate around its axis
producing a false twist in front of the contact region. In further
movement of the cord, the twist in front of the guide surface reversed
its direction at its departure from the contact region. In addition
to this, it was also demonstrated that the method of threading over
the guide, had the effect of reversing the twist direction i.e. 'St
changed to 'Z' or vice versa. Pavlov [54] tried to establish a relationship

between the developed torque (M) and the twist of the space curve (T)

with an equation:

T
i 2
M= =R, 'T

where

Ti is the initial tension

Rc is the cord radius.

Pavlov and Finkel'shtein proved that the magnitude of twist

accumulation (false twist) and also the torque developed in the cord

are dependent upon the configuration of the guide and the radius and

position of the cord over the contact regions. When the cord is arranged

over the contact region the twist accumulation and the developed torque

along the cord may reach zero or maximum depending on the orientation of

the yarn on the guide surface.
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Pavlov [55] continued the same investigation with a
complicated guide shape, trying to establish the relationship between
the shape of the guide, the frictional properties of the cord/guide

surfaces, the torque developed in the cord, and the twist over the
contact surface. He used a hollow cylindrical guide with holes in

its side and passed a twistless cord with a longitudinal coloured

marked strand through the guide with a particular threading direction.

He found that the results agreed with the earlier findings.

An equation relating the elastic properties of the cord and
the other parameters mentioned above was developed. It was claimed
that if the frictional moment is equal to or greater than the torque
developed in the cord, the cord will rotate in front of the guide and

no rotation will occur over the contact surface. Thus twist

accumulation will occur.
In a further investigation, Pavlov [56] assumed a relationship
between the torque developed in the cord (moment of torsional resistance)

and the twist accumulated in front of the guide surface (A = twist/unit

length) by an equation of the form

M = 2nGIA

where GI is the torsional stiffness of the cord.

Relating to his theoretical analysis, he found the minimum

length of arc of contact to produce a stable twist in a thick product

like cord (4 mm diameter) is greater than 1.7 mm. Of course, for a

fine yarn 1t will be less.

Possibly, it can be concluded from his observations and

theoretical analysis that the factors which can affect twist blockage are:
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1. Radius of curvature of the guide surface.
2. Frictional force over the contact region.
3. Guide shape and surface configuration.

4., Yarn linear density.

5. Yarn initial twist.

6. Yarn torsional stiffness.
7. Level of twist over the contact region.

8. Length of arc of contact as a relationship between the guide
diameter and angle of wrap.
9. Angle of orientation.

10. Method of yarn threading.

3.2.1.4 Effect of angle of deflection

It would be expected that the angle of deflection can have a
major influence on the inhibition of twist transmission over a surface
of contact if only because of its effect on the length of contact. The
Shirley Institute [40] investigation, tested two types of yarn (140
decitex, 26 filament, 2.5 t.p.i. Tricel and 140 decitex, 26 filament
1.0 t.p.1i. Dicel) at ten angles of wrap, ranging from zero to 90o at
a speed 75 ft/min, using polished cylindrical steel pins as guides. The
results show that any reduction in angle of wrap will only produce a

significant reduction in twist accumulation, if the angle of wrap is

reduced to less than approximately HSO. It was suggested that for the

purpose of avoidance or reduction of twist accumulation, the angle of

wrap should be as small as possible.

Trommer [53] experimentally illustrated that the twist

accunulation increased as the angle of wrap increased from zero to 600.
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However, a further increase from 60° to 120° caused a rapid decrease

in twist blockage.

The above experimental results are, however, at variance with

those of Chan [52], who reported that twist blockage decreases as the
angle of wrap increases. Chan's results were obtained using different
angles of wrap ranging from 30o to 130O for each of six guides at
different diameters. The yarn used was 167 decitex polyester at a
transmission speed of 100 ft/min.

The difference between the(Shirley, Trommer)and Chan
observations may be due to the input tension being constant in the
former and output tension belng constant in the latter.

It has been shown [57] that, when pos?}ive feed systems are

used as in Chan's experiments, the effect of drag in a threadline is

J
P

to lower the tension before the drag point, and not to increase the
tension after the drag. Other factors influencing the differences
in results of the above investigators may be the different yarns, the

different twist levels or differences in the methods of carrying out

the experiments.

3.2.1.5 Effect of input twist

Results reported by several investigators [2,40,53] indicated

that the input twist in singles or in folded yarns is a very important

factor influencing twist congestion. Dyer [36], in studying the'warping

process, used the phenomenon of the twist blockage as a means of

measuring the variation of coefficient of friction of different surfaces

with yarns of different twist. His idea was based on the assumption

that twisted yarn may acquire a significant twist variation along the



yarn caused by the snubbing action of the guide surface (or tension
device), which tends to push back the twist and permit it to move
forward in surges. The resulting variation in twist might affect the
frictional drag and hence the final tension.

He used a yarn with three different levels of twist such as

0.3, 2.0 and 3.0 t.p.i. The yarn was passed over each of seven

different tension devices at a constant tension input of 10 gf

with a yarn speed of 300 ft/min. The final tension was recorded by

means of a G.E. recorder.

The results indicated that the higher twist congestion was
recorded with the post, gate and disc tensioners. This was indicated

by a higher final tension using the lower yarn twist of 0.3 t.p.1.

Dyer claimed that the characteristic behaviour of these three tensioners

is probably due to the snubbing action of the surface of the devices
pushing the twist back while the yarn 1s passing with little or no

twist. In gate tension devices, the yarn moves over a number of fingers
(or posts), each of these fingers represents a small guide (with a small
diameter). Thus the increase in tension caused by these fingers tends
to increase the yarn pressure over the successive fingers surface,
whilst the yarn pressure on the surfaces of plate, whorl and regulator
tensioners tends to remain at a quite low value. The observations

obtained from these types of tensioners had no significant variation

of final tension as recorded. Probably the main conclusion from Dyer's

work 1s that twist congestion can be significantly influenced by

1. A low level of yarn twist.

2. Theguide shape, size and type.



However, the observation of Dyer, that the twist accumulation

decreases with increase of the input twist, does not agree with the
results reported by Chan [52] who found that an increase of the input
twist directly affects the twist accumulation, Fig. 3.2.

The disagreement between Chan and Dyer may arise from their

different techniques.

3.2.1.6 Effect of the initial tension

The influence of initial tension on twist congestion was also
considered by the Shirley Institute [40]. The reported results were
obtained using a guide diameter 0.24 cm (0.09") at a constant angle of
wrap of 900, with the two types of yarn mentioned earlier, the tension
applied to the yarn ranged from 5 to 90gf. Actually in the experiments
described, only a limited number of combinations of guide diameter with

yvarn initial tension were investigated. It was found, however, that at

low tension values, the tensions had a very marked effect on twist
congestion, but at higher values, the effect is very small and a large

increase in tension causes only a slight increase in twist accumulation.
A similar high correlation was found by Chan [52]. He used

guides of different diameters at angle of wrap 750, and varied values

of initial tension (from 5 to 80 &f )for each guide diameter. He

stated that as the tension increases, the twist held back by the guide

also increases. Chan proposed that the combination of curvature of the

guides surface with tension has a striking effect on the twist blockage.

He found a good correlation between the pressure over the guide surface

and twist blockage, and subsequently suggested that the twist blockage

is largely governed by this pressure.
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The conclusion will be questioned in more detail when the

effect of the pressure 1s again discussed in the course of this

thesis.

Baird et al [2] observed the twist blockage phenomenon during
their investigation on the relationship between the degree of polishing
of a yarn guide and the coefficient of friction. They used 30 denier,
10 filament nylon yarn, with a very low level of yarn twist (3 t.p.i. Z
twist), and found that independently of the level of initial tension,
the filaments behaved individually and moved over the guide surface
(contact region) side by side, as if they were independent of each

other. The twist was completely pushed back leaving the yarn flat over

the contact surface. This flattening of filaments returned after the
accunmulated twist had reached a sufficient level so as to escape over

the contact region. The phenomenon was not observed when a yarn with

higher level of twist was used. Such behaviour was attributed to the
interlocking between the geometry of the guide surface and the yarn
surface and was considered as the prime factor causing twist accumulation

in front of the contact surface.

It can be concluded from the above observations that the twist

blockage behaviour is directly affected by:

1. The pressure over the contact region.

2. The yarn and guide surface configuration.

3. The relationship between yarn twist and the length of contact region.

3.2.1.7 Twist congestion in the rope processing of fabric
The investigation of Miuraet al [58] of twist blockage in the

rope treatment of fabric was mentioned in the previous chapter. They
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tried to determine the factors that cause twist generation in
fabric. They reported that when a fabric moves over a surface of

guides such as poteyes, and changes its direction through angle

(6,, 65, B3 ... etc.) of deflection, it starts to take up a more
tightly twisted rope formation. As long as this level of twist is
low, it will be difficult for the twist to be transferred beyond the

contact surface. They found that the average twist (€) generated in

the fabric length (1) can follow the equation:

2.0
g-m t/m

where 20 = 61+92+93 .o

Using graphical methods, the same workers showed that increase
of the fabric speed caused increased accumulation of twist. They also

investigated the use of correctors [59] and developed equations relating

the elastic properties of the rope to the level of twist accumulation.

They concluded from this investigation that the parameters which influence
twist congestion when processing fabric in rope form are:

1. The diameter of the fabric rope.
2. The total angle of deflection.
3. Fabric tension.

4., Initial twist in the fabric

5. The time of the fabric movement

6. The fabric velocity.
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3.2.2 Upstream twist congestion in rotating threadlines

3.2.2.1 Introduction

It will be appreciated that the upstream twist blocking
effect of yarn guides on a rotating yarn has a more complicated
mechanism than the general situation of the non-rotating yarn [60]
discussed previously.

Invariably the twist will be generated by some device such
as a ring spindle or false-twist spindle which causes the yarn to
rotate and feeds twist upstream into the threadline against the

direction of yarn longitudinal Wovement.

The yarn bending angle around any guide prior to the twist

generator, the tension in the yarn, the yarn's modulus, the yarn speed

and twisting rate are again expected to exert a different degree of

influence on twist congestion [61]. In addition, in processes such as
false-twist texturing, where a heat setting is involved, the thermal

condition may also influence twist blockage.

Most studies of this type of twist congestion [28,29,62,63]
have been concerned with the phenomenon at relatively high twist and
speed levels such as occur in modern textile spinning, in the false-
twist process and other continuous filament yarn processing where it
may be commercially important.

One of the investigators [64] has, however, carried out some

experimental studies at low speed in connection with a quite complicated

theoretical analysis. This may help, nevertheless, in clarification

of the nature of the parameters influencing this type of phenomenon at

higher speed.
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3.2.2.2 Effect of angle of deflection

The major problem associated with path deflection in the
primary zone in the false-twisting draw-texturing process is that
the yarn deflection points tend to inhibit the transmission of the
twist upstream from the spindle to the draw point on the primary
heater [29,65,66]. The importance of this angle of deflection has

attracted the attention of many researchers.

Denton [28] investigated the effect of the yarn deflection

on the twist congestion using angles of wrap of 900, 1800, 2700,

360°, with different guide diameters, at constant draw ratio. He

found that twist loss increased when the angle of wrap increased.

At small guide diameters, (<5 mm) twist loss was found to be 15%.

Bachkaniwala [62] in his study using angles of wrap 500,
760 and 820, did not reach the same conclusion as Denton. He found
the twist loss at any size of guide diameter does not exceed 1%.

The differences between the two investigators may be due to the

technique, the level of the angle of wrap, or the draw ratio used.

An attempt was made by A.R.C.T. [67] to minimise the effect
of yarn deflection points in the false-twisting texturing process.
The phenomenon was investigated using different types of yarn such
as 150/30, 50/25 polyester and 50/48 multilobal polyester and
100/34 den.multilobal nylon yarn, at angles of wrap ranging from -

zero to 180°. It was found the twist before the yarn deflection point

decreased when the angle of deflection increased.

A.R.C.T. stated that angles in the yarn path between the exit

of the heater and a friction twisting device influenced the twist



distribution and increased the yarn tension between the deflection

points in the yarn path and the friction head.

However, the above results are in agreement with those of

Sasaki [68]. He established a simple model for the purpose of

investigating the twist distribution in the false-twist texturing
zone. Using two different coloured multifilaments 75 den. polyester

yvarns together, he measured the twist distribution in the heater from
photographs. He observed that the apparent twist decreases as the

yarn bending angle increases. He attributed the alteration of twist
distribution to increase of the tension before the spindle and
slippage occurring on the spindle. Because of this, the mode of
twist insertion in the yarn will change and will effectively decrease
as the yarn deflection increases. It was suggested that care is
required in choosing the position of yarn guides. 1In many cases when
such an angle of deflection exists in the yarn path, it is necessary

to reduce the draw ratio in order to keep tension at a reasonable

level. This in turn amplifies the influence of the deflection.

Denton and others [57,67] reported that the path angular
deviation not only affected the transmission of the twist upstream of

the heater, but also causes irregular yarn drawing. This, consequently,

influences the yarn properties such as tenacity and dye affinity and

the Uster CV% and also causes a higher breakage rate.

More recently, the influence of thread deflections in the

texturing zone on the torsion in the threadline, was studied by

Lunenschloss [69] et al. They measured the thread torsien with and

without a deflected threadline under otherwise fixed texturing
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conditions (spindle speed, draw ratio, heater temperature, texturing
speed). They reported that the torqueigenerated tends to decrease
with threadline deflection. However, part of the torque reduction is

explained by the lower torsion occurring in the heater zone with twist

accumulation downstream of the deflection points.

The results obtained by Heung [63] are in agreement with
the results of the above investigators. By using nine different
angles, ranging from 35O to 80° on 76/22 decitex polyester and 22/12
decitex nylon yarn, with draw ratios of 1.507 and 1 respectively, and
with theoretical twist levels of 3350 and 1950 t/m for a polyester and

3150 for a nylon yarn, he confirmed that the twist blockage increased

as the angle of wrap was increased. In these experiments he, too,

observed that the smaller the guide diameter, the higher the twist
blockage. Surprisingly even with a small guide diameter (1.26 mm),

for anglesof wrap from zero to 500, twist blockage was not significant.
Above this level of angle of wrap, an opposite behaviour was observed.

The twist blockage rapidly increased with the smaller guide diameter

(1.26 mm), while it generallf decreased to zero level with the larger

guides (2 and 12 mm).

Fischer [29] also has investigated the effect of the deflections

and points of contact on twist transmission through the false-twist
texturing threadline. He found that these points tend to brake the
rotation of the yarn, and consequently a lower level of twist is
transferred. He also found that with a straight yarn path (i.e. without
deflection points), the twist is propagated uniformly as the yarn passes

through the heating zone. Obviously, increase of the number of points

of contact tend to increase the frictional effect over the contact



region, which in turn can disturb the twist uniformity along the
yarn.

Trommer [70] found through his investigation,a dramatic
effect on twist loss with a smaller guide and higher angle of wrap.
The twist loss was doubled when he used a 0.5 mm guide with a 100°

angle of wrap compared with 2.5 mm guide radius with the same wrap.

He found, in general, that the higher the angle of wrap, the higher

the twist loss.

3.2.2.3 Effect of guide diameter

As already indicated, several researchers [33,71] have

investigated the effect of gulde diameter on twist congestion in the

false-twist texturing process.

Bachkaniwala [62] studied the deflect between the heating
and cooling zones. He used seven guide diameters ranging from 1.26
to 16 mm with two types of yarn. He concluded that there is a

significant influence of the deflecting guide diameter on the percentage

twist loss, and that twist loss was generally higher at lower twist
levels (Fig. 3.3I). Although curve (A) indicates a higher percentage
loss than curve (B), the actual loss is lower because of its lower
twist level (2575 t.p.m. and 5550 t.p.m. for A and B respectively).

In addition, the value of the draw ratio for each of 'A' and 'B!' is also
different (1.9 and 1.6 respectively). It is, therefore, not poséible
to be sure that the difference was only due to the different twist

levels; tension difference may also have made a contribution.

The results are in agreement with the results obtained by

Heung [63], who used seven guide diameters ranging from 1.26 to 16 mm
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with two yarns of different linear density 22 decitex nylon and 76

decitex polyester at a twist level 3350 t/m. He found that the twist
blockage behaviour of 76 decitex is significantly influenced by the
guide diameter. A high twist blockage reduction was observed by
changing the diameter from 1.26 to 6 mm, but no significant further
twist blockage reduction was noticed at larger diameters. Heung also
found that the lower the yarn linear density the higher the twist
blockage (Fig. 3.31I).

The above experimental results are however supported by
Denton [28] who stated that a high correlation exists between the
twist loss and diameter of the guide by which the yvarn is deflected.

Denton's conclusion was obtained from results based on experimental

evidence, using guides of four diameters, namely 3,6.9 and 12 mm at

various angles of wrap.

Trommer [70] in his investigation used five different guide

radii, ranging from 1 to 5 mm. He found that the twist loss

significantly decreased with increase of guide .radius. At 1 mm guide

radius, the twist loss was approximately 55%, whilst at 5 mm, the twist
loss was only 15%. His theoretical analysis supported this relation-

ship between twist loss and guide radius and predicted higher values

than those found in the practical observation.

3.2.2.4 Effect of input twist

In texturing synthetic filament yarn, the twist level of the

yarn 1in the processing zone is an important factor which significantly

influences the characteristics and quality of the resulting yarn.
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Bachkaniwala [62] prepared samples using seven ceramic
guides of diameter ranging from 1.26 to 16 mm, when texturing 170/30
decitex polyester POY at a draw of 1.9. He observed that, as the
input twist increases, the twist loss decreases, but above a level
of twist 1975 t/m it increases again.

Denton [28] also reported an unexpected and curious
observation. He found, below a twist level 1730 t/m, very little
twist was transmitted upstream beyond a deflection point. He
commented that low twist levels contribute a major problem in the

false twisting process particularly on machines with substantial

deflection along the threadline of the primary texturing zone.
The conclusion is that, although the results showed that as

the input twist increased, the percentage twist loss generally decreased
slightly at any low values of input twist, the twist transmission over

the surface of contact tends to change and losses are much greater.
Heung extended Bachkaniwala's experiments to a finer range of
yarn. He pointed out that at a given twist level, the surface helix
angle of the filament 1s smaller for finer yarns, and thus that the
lower twist level might have much more effect on the twist blockage

behaviour. In general, however, Heung's conclusions were similar.

It should be noted that the same twist sampling technique

has been used by most of the researchers [62,63,72,73]; this involves

a snatching of the yarn over the primary heater, either by hand or by

an especially constructed device; the yarn is then transferred to a

stiff card, and from thence to a twist tester. In this technique, the

taking of samples should involve gripping the yarn at both ends at the



60

same time. However, if one end is gripped before the other, the

sample might have more or less twist than in its running condition.

In the case of draw texturing, there is also the possibility of

twist movement through the (soft) draw region. These possible sources

of error must be taken into account, and their effect minimized.
However, Trommer [70], constructing a special means of

rotating the yarn, demonstrated that twist blockage is considerably

influenced by the level of yarn twist. He used five different levels

of input twist (or helix angle) ranging from 40° to 240° at constant
yarn linear density and constant tension over a guide radius of 1.25
mm. He found that the lower the yarn twist level, the higher the

twist loss. Also his theoretical analysis has predicted the general

pattern of twist loss behaviour, but with the practical measurements

at a lower value.

3.2.2.5 Effect of draw ratio (pre-tension)

The required level of tension is contributed by the feed/
delivery speed ratio of the yarn. Piller [61] has reported that any
increase of yarn tension in texturing can cause a congestion or rolling
of twist in the region immediately before the twist tube, leading to

overtwisting.

However, Bachkaniwala [62] investigated the effect of initial

tension on twist blockage under various draw ratios using a ranée of
guide diameters. The results indicated that an increase of draw

ratio from 1.45 to 1.6 gives a slight increase in percentage twist loss.

These results are in agreement with the results of Sasaki [68] who

also found that the twist blockage increased as the tension increased.



Trommer [70] in his research also demonstrated that the
twist blockage is significantly affected by the 1lnitial tension.
He used five different levels of yarn tension ranging from 20 to
100 pond over a guide radius of 1.25 mm. He found that the higher
the initial tension, the higher the twist loss. Again his theoretical

analysis predicts a higher loss than is observed in practice.

3.2.3 Downstream twist blockage in a rotating threadline
3.2.3.1 Repco self-twisted yarn (STY)

In self-twisted yarn, the number of turns of twist in two
consecutive zones (i.e. S zone and Z zone) are nominally equal.
Hassanian [74] Has found practically that there is no relationship
between the levels of 'S' twist and the values of 'Z' twist. He
attributed this behaviour mainly to the effect of twist blockage on
the formation of self-twisted yarn zones. As a result of the twisted
yarn passing over guides, the twist can have two possible forms:

1. If the twist 1s congested before the end of the stroke of the
twisting roller, a higher twist density in one zone will occur.
2. If thetwist is congested at the end of the stroke, a lower twist

density will occur in one particular cycle.
However, Henshaw [14] in his testing of twist distribution
in self-twisted yarn has confirmed that the twist variation along the

yarn can be attributed to variation in the winding tension together

\
with twist blockage at the convergence guides. He found that, even

under normal tensions, the length of the zero twist zone was changed
by varying the form of these guides (i.e. simple and overlapped guide

Fig. 2.3). The overlapped convergence guides cause the two strands
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to be combined together before self-twisting occurs. This increases

the interlocking mechanism between the two strands.

3.2.3.2 Open-end spinning

Effect of friction over the guide

In 0.E. spinning processes, the centrifugal force of the
rotating yarn end generates a relatively high tension. The development

of frictional force between the rotating yarn and the outlet navel of

the spinning pot causes the yarn to roll against the inner stationary

surface. Thus either false twist may be created or twist blockage

may occur; both will give rise to a higher twist level in the spinning
pot than would be expected from its rate of rotation. The actual

mechanism of this higher twist in 0.E. has, however, not been fully

explained. Some investigators [75,76,77,78,79] define it as false

twist whilst others [80,81,82] define it as twist blockage.

Singh and others [21,22,83] have reported that the twist inside

the rotor increases with increase the frictional contact between yarn

and navels. The introduction of notches over the navel-surface was

found to increase the frictional contact between yarn and navel, and as

a result, the false twisting effect was increased. Singh also demonstrated
that the twist held back in the rotor tends to increase with lower yarn
twist. Nevertheless he claimed that the level of blocked twist inside

the rotor is more dependent on the frictional characteristics of the

navel than on the level of the twist.

3.2.4 Simultaneous upstream and downstream twist movement
Finkel'shtein [4] examined twist formation in roving. He

reported that a false-twist is generated in the roving between the



drafting system and the flyer head arising from the accumulation of
the twist due to the dragging of the roving over the flyer ﬁead and
when the twisting roving is pulled through the hole of the flyer head.

Figure 3.4 shows twist accumulation resulting from two
different ways of inserting the yarn through the hole of the flyer
head (3.4a from left to right and 3.4b from left to the centre of the
flyer). Arrows indicate the yarn and twist flows. It 1is obvious
that the method of threading the roving created either of the two types
of twist accumulation, downstream (3.4a) and upstream (3.4b) twist
flow. Finkel'shtein reported that the twistless portions of the yarn
(AB and BC Fig. 3.4) rotate in opposite directions.

If the roving is pulled in the direction of the dotted arrow
(D), the total number of turns increases in portion AB and decreases

in portion BC or disappear altogether. 1In Fig. 3.4b the conditions

will be reversed, i.e. higher twist in BC and lower or zero twist in AB.
Subramanian [24] investigated the twist flow in ring spinning

by measuring the twist distribution at two portions of take-up bobbin,

such as the nose and shoulder. 1In addition measurements were carried

out at the start, in the middle and on the full bobbin. The study

showed that the angle of wrap between the yarn and the traveller (and

the yarn guide) has a significant effect in generating resistance to

the flow of twist across them. This is shown in Table 3.1 which
illustrates the variation of twist at different positions. It is clear

from these results that the deflection in the yarn path has an effect

on the twist distribution along the yarn.

Subramanian suggested that the smaller the angle of inclination

of the spinning zone thread to the vertical, the better the twist flow
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TABLE 3.1
Measurement
stage Nose Shoulder
Start 38.5 31.7
Middle 39.0 31.0
End 38.5 32.0

w

Number of turns in 2i"
Spun yarn 16s (37 tex)
Mechanical twist 35.6/2%"

Average of 20 measurements

(Subramanian)
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to the spinning region. As the yarn tension at the maximum balloon
height tends to be lower than at the minimum height, the twist is
higher at the nose than at the shoulder because the contact pressure
between the yarn and traveller increases from the shoulder to the
nose. At the same time, as the balloon becomes more conical, the
angle of wrap around the traveller becomes larger and around the
thread guide becomes smaller at the nose than at the shoulder. The
twist thus gradually increases from the shoulder to the nose.

These results are in agreement with the results of Wegener
and his colleague [84.85]. They used four different diameters of
thread guide, 1.5, 3, 5, 10 mm at different angles of inclination
ranging from zero to 40°. They found that the most significant effect

of twist hold back is at the smaller guide diameter and with the

highest value of the angle of inclination.

3.3 Discussion

It is evident from the above survey that the twist congestion
phenomenon is very complicated. It has been explained that for both
rotated and non-rotated threadlines, thread guides offer a resistance
to the passage of the twist in the yarn which may prevent some or all

of the twist from moving forward with or against the yarn flow over the

contact region.

In downstream twist blockage the rotation of the yarn resulting

from the pushed-back twist will generate some false twist in the

twisted yarn in the same direction as the yarn's original twist. With

rotated threadlines, twist congestion at a guide surface may cause a



major problem in preventing upstream flow of twist. For example,
in the primary zone of the false-~twist texturing process, path
deflections tend to inhibit the transmission of twist upstream from
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