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||[ APSTRACT

! A laboratory model type of ¢pen—end friction-gpirming machine
. {one sided) was used to spin ten different packages of polyester
i|01:-!=.'n--e.r1d friction-.gpun yarns and another ten padiares of cotton
open-end friction-spun yams. Sone packages werc gpun with backe

suction and others without badksuetion under different spimming

" pressures of 1066.8m, 1219.2nm, 1320.8m, 1422.4nm and 1498 .6mn
head of water at a speed of 160n/min. The magnitude and pattemn of
the suction affected the way in which fibres were agsembled on the

:ii‘ormin{; yarm, as well ag the torque produced, Likeyise, the

! gtruebure and perfommee of the yarnsg are generally very dependent
on these fuctors. The effects of these tuctors on the spun yarns
were studied, 'he spun yarns were then analysed fully for their

1y

h characteristics in order fo know more about the now spirming

!-!teclmolO{gy for conmercial exploitation.

:i Tne coonts spun included the fine range from 20tex to 24.5tex

II! with one percent tracer fibreg made of vilacose rayom mnd dyed black,

e r twist investigation, optical method based on the tracer.

fibre technigue was used with the expression:

| t = 1@
I o \

Methylsalicylate solvent wam used to igolate polyester fibres

while ethylsalicylate geolvent was ugsed to isolate cotton fibreg for

" ltwist enalysis. The results of opbical method of twist investigation
j
ghowed that backsuction incresses the amount of tuists along the

length of cotton open~end friction-spun yamse. The differences in

twists level between backsuctioned and non-badisuctioned cotton O-E

i
[N
1

frietion-gpun yarns contrimte to the differences in phygical
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preperties between the padcages; Even on the same package big
differences in twist level along the length of cofton open-end
friction-gpun yarns were found, Thig is one of the causes of the
low strength of the yrns. For example, one specimen of a yarn
from package 17/1 had 013.6 t,p.m, and another gpecimen from the
game package had 386.2 t.pene a difference of 617.4 tepeane which
ig giving a 1ot of concern,

These investigationa have shown that the yarn spun with
backsuetion under high spinning pressure (1320.8mn head of watexn)
mwoduced a yarn with more twists along 1ts length, Thig is
demongtrated by packages 17/11 amd 17/13 which were both
W cksuct ioned under similar conditions but paclﬁage 1713 wag spun
under higher pressure than package 17/11 and therefore has higher
topam. But the results showed by the package 17/15 gave a
dif ferent trend entirely, since the package was spun under a
mregsure of 1422,4mm head of water with backsuction and produced
a yarn of 759.0 teb.m. campared with the package 17/13 which was
also backsuctioned ut spun under a pressure of 1320,8m head of
water and hag higher t.pe.ms in the order of 98242 tepens -

This shows that in open—end friction-gpinming system there is

probably s maximum spinning pressure under which the yarng are
hexd twisted, above this pressure the t.pems would be reducing
hence changeg in the gtructure and properties of the yarns,

[ Bckguction impz:wes fibre rientation and fitre utilisation
in cotton and polyester open-ead friction-spun yarns. These
investigations showed that backsuction mekeg the yarns smoother
in 0=E friction-spinning. The evennegg and irregularity

characteristic of the yrng is very good and thig 13 Improved by

A L RV

-
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tacksuction, All theé yorns spun with backsuction have higher break-

ing force, work of rupture, tenacity and lower elongation than those
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yerns spun without backsuetion for both cotton aml polyester yarng.
This new spiming system ig more pranising for polyester yzrng then
for eotton yarng, Thae tenacity of cotton and polyester cpen~end
friction=gpun yarns increases by increaging the fibre extent ut
the effect is higher for backsuctioned paclages. The temacity of
open—end frictlon=-gpun yarng decreages with increage in the mumber
of neps and hairs/metres These investigetions revealed that the
fibres are digsariented and the fibre extent ig extremely 1w, these
lead to low strength of the yarns. The highest tenacity (14465
cli/tex} obtained from a backsuctioned package is not good enough.
Meang of partly streighiening partions, at leagt, of the filres are
required to obtain tenaciiy needed for full cammercial successe

The investigeticons carried out on the QE rotow gpinning machine
installed in the Department of Textile Science aml Pechnology,

Amadn Bello University, Zarlas showed that the fimmest count that

can 2 obtained fram the spinner is 22.0tex, In the spinning process,

increase in yarn tex increases the spinning spéed possihle,
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CGLAUTER 1

INTSIOIU CTTON

Machine productivity in yarn mamufacture hag risen more ar
leas logarithmiczlly over three centuries. The need to have
increased production per unit currency invested has been the
incentive to degign new yarn—-production gystems. Thng, over the
Pericd, the literature records the gpinning jenny, mile, ring-
gpimning, rotar~-type cpen-end gpinning, to menfion some of the
most significant. There have been two magjor consideration: the
achievement of high machine productivity and the production of
an accepiably large output-yarn packaga.

In the cage of the ring amd trawveller, the yarn stresses in

spiming are controlled in large part by the size of the yarm

. balloon aml the spindle speed; these considerations imply seveme

limitations in both productivity and package gize. It ls posgible
to improve gpindle speeds 1f the ring sige is reduced, Wi it is
not poasible to do both concurrently. |

The open—end principle permits the severence of the functional
connectdon between productivity and package size, In robtar-gpinning,
the rotoxr supporisg mich of the yarn during formation, and the yam

giress in spiming is lowexr than that for a ring frame for g given

" twist insertion rate. With emall modern rotors, speeds of 100,000

T.Ps. have heen achieved, and this has led to a much greater
moluctivity than is possitle with a ring spindle, However, the
stregses generated in the yarn inslde the rofam are relatiwely
high becauge the "gpoke" of yarn inside the rotor moves at z hizgh
rotationgl of the rotor hag to be reduced to keep the ziregses
within bounds, There is a practical limit to speed, and thug to

Iroductivi ty,



2

In the friction-gpiming of staple~filre yaxms which ig the
najor part of this reseaxch work tarque is applied directly to the
surface of the yarn by frictional contact eiween relatively sl ow-
moving golid surfaces amd ihe yarn itgelf. The yarn rotates only
about its own axig, ard the tensile stresses. are lower gtill, Once
again it becomes possitle to lncreage the gpiming speed by a
further consideralile margin, As wikth rota~gpimming, the former
regtraints on package siZe are no longer a factor, and large cones
ac cheeges can be made, The concept of Lrictiomgpinning hag
appeared in the patent literture over the last decdde or go Wt
it hag not teen fully cleve10ped(3;).

Dorque Ls generated by tangential compoments of the frictional
forees acting on the surface of the yarm, Solid surfaces moving
in oppozite direction in close proximify create a sheax field which
acts to produwce the required tarque, An analogoug idea ig used in

texturing contimous filament yarns, in the courge of which the yern

can te male to rotale at over g million r,pem, Thus it is reasomglle

to expect that gpeeds approaching this may becane pogsible in staple~

fitwe spinning, At present, staple~fibre friciion-spinning machines
can produce yarn gt 200~450m/frin, tut the yarns have a low tenacity,

Friction=gpimming machines producing core~spunt yarns currently have

a limit of about 109 English cotton count (59 tex®) « Cpen~end frictiom—

stinning ig capable of making yarmg of up 1o about 40s English cotton

count (15 tex), and the yarns and fabrics have a gool aesthetic
appeal’ "

In fact, friction-gpinning of a gtajle~fibre yarns involveg the
supply of geparated fibres to a torque zone within a shear field and

the removal of yarn from it, The shear field i1s ereated by the move=

mnt of one or mare galids of i‘evolu'lﬂ.ms.‘ Usally, tiwo pargllel
cylinders rotating in the same direction in close proaximity are upged

to create the desired shear field in the vicimity of the nip liney
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At least one of the cylinders is perforated, and air-flow into the

cylinder cauges force reactions to be generated between the yarn

apd the cylinders., The solid surfaces move in opposite directions

in the vicinity of the yarn, and the drag forces acting on the yarn

create a torque.. The magnitude and patiern of the air-flow strongly
affact the way in which fibres become assembled on the forming yarns
8s well as the torque produced. The structure and perfomance of

the yarns are very dependent on these factors.

The yarn from first-generation machines is weak because of poor=
fitre structure, and this research work looks into some pogsibiiities
of improving the mechanical properties of the yarn.

Oblective the Wor |

1« Tb =pin some cotton and polyester packageas from opsh-end
friction—spinning machine under different spimming conditiong.

2s To cbaerve the effecta of backsucition in open-end friction—-
gpimming system and low suction affects the structure and .-
parformance of the yarns spun.from the spinning syastem.

3. T study the structure of the yarns spun and to investigate
the distritution of twist, fibre, fibre oriemtation and
wtiligation in this new spinning system.

4. To study the mechanicnl properties and the surface
characteristics of th®se yarns and how these properties
can be improved for better undersianding of the spinning.

5. To compare some yarn properties togetler and to observe
how the structural built-up of these yarns affect. = these
propertieg. "

6. To find out and suggest the best gpinning conditions for

commercial utilisation of the gpiming system.
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QUPTER 2
LIDERAPURE REVIN
2,1, Introduction

To make Open-end friction-gpun yarns, it is necessary to
introduce fibres to the appromriate shear zones(1), and a popular
golution ig to make at least ome of the moving surfacesg a non=-flat
golid of revolution, This permits a fibre supply channel to be
brought cloge to the tarque zone, which helps contral the fibwe-
assembly process, In this cage, the torque ip generated by the
oppogi tel y moving surfaces, and the arriving filre is carried out
into mesh with the yaxn by one of thoge surfaces or by the yarn
itself, However, the emerging yarn doeg not rotate, and only a
rotating envelope of fibres at the open end is capahble of twisting
in the arriving fibres, The direction of arrival of the fibres is
gaid to be more or less oppogite to the direction of departure of
the yam. This is called "backwards spinning®, However, it is
quite pogsible for the fibres to gpproach at other angles with
regpect to the yarn, The best arrangement ig yet to be determined,
thpugh variationg in the angle of approach are not very powerful
factorg,

Implement ing this concept requires that the location of the
open end of the yarn remains fixed with relation to the moving
gurface and that g sufficient narmal force be present for twisting.
Thig can be accomplished by sucking the filwes to a limited local
surface ag they are supplied,

The concept of producing yarng on such principles is to te
found in the patent literature of the €0s and TOs. Frickion=
spiming was first implemented in the 70s by Ir. E. Fhrer, who has
developed several machine vergiong in the megntime, In hig firsgt
machine design, the IREF 1, opered fibres were sucked against the

surface of a perfarated cylindrical drum in a narrow area(?d) .
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When the perforaied drum/fyarn surface ratio is largs, the drum
speed ;an te kept relatively low, even if one {zkes the unavoidatle
glippage into account, In order to reduce slippage and improve twigt
efficiency, the IREF 2 machines(?d) were equipped with two perfarated
drums. The yarn ig more securely fixed in the nip of two drumg, and
twist transfer is intensgified.

Since the itranalation ratio of frictiom drum diameter to yarn
diameter increases with the yarn fineness,finer yarns are more
intensively twisted, assuming constant drum gpeed and slippage.

The concept of enclosing the ywran between two friction surfaceas
is found in all OB-friction gpinning methods pullighed in the patent
1iterature{d) . Twist can be imparted by frictiom uwsging two rotation
symoe trical bodieg, Rither outside ar inside friction may be uged(2)
Ingide friction offers the advantage of better fixation and nipping
of the yarn end, but at the cost of much more difficuli yarn feeding
and machine oPera.ticm?'ﬁ

The patent literature shows that rotating bodies tetween mich
" the open~end yarn giructure is formed and twigiecongolidated by means
of friction may be cylindrical, as in the cage of Fehrer, oonical or
hyperbolic.

IREF 1 and its succegsor process, IREF 2, are intendegd for
cograe yarns, The process ig suiiable far ';moduaing relatively
coarse yarnsg, beciuge of the yarn siructure and fibre orientation
regulting from the fibtre feed direction, whidch is perpendicular to
the yarn delivery direction, The possibility of producing core yarns
by the IHEF 2 method, by feeding a filament yarn parallel to the drum
axes, for example, led to the IREF 3 Process, which attempts to
combine the advantages of high spinning qpeed. arnd gn xig-parallel
fitwe orientation in the yarn, This is intended to improve yarn

tenacity and produce relatively finer yaa:ns.'l
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This spimning method utilises two perpendicular fibre gtreams.
The yarn structure, supplied in the direction of the yarn axis and
reduced by a draw frame, ig merely falge-twigted, The fitreg of thig
compenent, which predominate in the yarn (about 70 - 8%), lie
untwisted in the care and are wrapped by a smaller component of
fitres fed crosswise.

The DREF 3 procegs ig not an OE=friction method in the above
senge, There is no open end, armd the yarn is congolidated by weapp-

ing with a relatively small proportion of the fihres,

2.2, General Rr:gpertleg of Open=ind Friction—-Spun Yaorng

24241s Yarn Structure
Vimally, the gtructure of OE frictiomn=gpun yarns geemg mare

like ring yarn than an OE yarn (9 . This is confirmed by the ross
gectiong, According to present in sights, deviationg in dynamometric
mroperties of the OE friction yarns are due to mass fluctuations and
shorter fibre utilization lengths, i.e. poorer orientation and
extengion of the fibres in the yarn,

OE friction yarns do not have the wrapping fibre gtructure of
OE rotor yarns, but (J) their degree of filwre orientation and
extengion is very low,

OE friction=-spun yarns have no gystematically formed wrapped
fitres (3) tut with lower fitre straightered and *opientation than
with ring and OR rotar yarng, It remaing to bte geen whether the
advantages of the yarn structure congidering the restricted
apilication field due to lower glrength offer so many eccnomic
advantages that a market introduction of the QE=friciion technology

ig justified (4.
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24242, Yarn Tenacity and Blongation

The quality and structure IOf OB-friction spun yarng depand
essentially on the arrangements for fibre opening and filwe feeding,
It hag been shown by many warkers that both the tenacity and
elongation of OB frictim—gpun yarng depend to different degreeg
on the fingl yarn eount(®) and gpinning speed. The temacity of open— |
end friction—gpurgis lower than that of the eomparable ring and rotar
gpun yarns(5 while the yarn tweaking elongation of OB friction~spun
yarng is a it higher than tha$ of rotar spun yarns t Lover than
that of gomparahle ring spun yarnsg.

Pypically, open=end frictionegpun yarng have only about €0% of
the +tenacity of ring-apm yarns or about 9K oi‘ that of ::otors-am
yorng(l) « The tenacity of core-type fricidimme~gpun yarns decreages
with increage in amount of gheath or as the gheath is made thicker, .
Thig puggests that the sheath filres8 were disariented, Furthermare, H
the temcity of optton open—-end frictlaegpun yarns from current -
machine s was quoted in the literature to be about 9gf/tex (86.3ul/texn)
wen tested at nomal genge lengths. At shorter gauge lengths(l) ,
the ftenaeity ig szid to have inereaged as fibre loops within the tegt
sample became gripped by the clamps of the tesi machine, At émn gaige
length, the tenacity of same cammercially produced open~end fretion—
spun yarns roge by 3P as compared with the value at 500mm. For a
ring-gpun yern, the comparahle rige in strength was given to be anly
265(1)» This also sugrests that the open—end friction-spun yarng
have poor fibre. orientatd ony
202,35, Yarn Evermess and Imporfeotion

Iue to the torsgion ingertion during openeend friction-spinning
mags veriations in the fibre feeding stream lead unavaidally to
changes of the frictim comlitions and also to siwonger twist variation(6)
in the yarn, These maps variationg can be improved congideraliy by )
the guality ofl the opening device and the gnaranty of a very congtant

fitre gystem,



A conglderatie number of fitres in the QE rotor yarns were
loogely wrapped around the yarn, with gare foming rings ar ma.ppei:'s
around the yarn giving a lky asppeavance(]) « This is found dlso
in opemmend friction = gpun yorns and a contrituting factor o yarn
imperfection, "Though, OF frictionegpun yarng have fewer imperfectiong
than the OE rolor yarns, in same cases the thin dlaces are very
proncunced, i.e, there ave more thin places with fewer filreg in
the yarn crogs section than with OE rotor yeum far example(5) ., This
hitherto typical characteristic of OF frictimegpim yarns ig largely
respongitile gmong other things for the strenglh perfarmance of lhe
fricfion-spm yerns. Accordingly, measures to improve, i.e. reduce
the murber of thin placeg in these yarng are bound tc raise the yam
girength substantially, OFE frictiomegpun yarns have good evermnesa
charac teristio (1),

As with gll gpimming systeng, the mags irregularity of open—end
.' friction-gpun yarns depends on the yarn count(f with optimm passage
of drafting. In most cages, is better for finer counte than coarger
yarng. OE frictim=gpun yarng of the present generation gre noted
for very shortewave irregularities of gppradmately 25 to 30mm and
short weak spots with a magnitude of 1,5 0 4,0mn{8, It is possiltle
to engmure an acceplable coefficient of varigtion of' ma.sé irregularity
uging open—end friction-gplnning principle(%« It hasg aleo been
reported that OF friction=gpinning system produces more uniform
yarn(7?) then ring-spinning system,

2.2,4. Yarn Abrasion Registance and Other Mechanical Properticg

The marked hairiness of OE friction-gpun yarn and the specific
character of the yam surface moke it prone 4o siripback and gbragion(5) .
Fabrlcs made fran cpen—end frictimespm yarns have a good handle wut :
tend to have poor surface durability(l), In spite of deviations in <
tengeity and elongation(d) , open—end frictonespun yarns have tendency

to Kink in a similor way as ring-spun ya‘t'né.'
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2;..'.2.5. Procegsing Techndl ogy and Ferf ommance of Open=Fnd
Friction—Spun Yarng
The quality and gtmucture of open-end frietion-gpun yam

depends essentially on the arvangements for filre opening and fibre
feeding(9) « In particulary, the regulerity of the filre flow and
the degree of fibre gtrefching and orienfetimm during fitre attach~.
ment to the rotating yarn erd are of major importance(10) (1) . It
has een stated that friction~ppinning techndl.ogy was introduced
camercially by the Ir. E. Fchrer'm company in the form of the
"Iref 2" and "Dref 3" machires. However, since the "Dref 2" gystem
wincipally manufactureg yarn of cogreer counts far special end-
uges(19 (13) (14}, and the "Iwef 3" system ig used to produce milti-
component and speciglity yarns, there have teen various developmnte
aimed at exterding OF friction-gpiming technology towards the finer
Jarns range. _

In 05 friction-spimming, the rapldly incoming fibres impinge
on o yorn end notating at high gpeed, However, since it is moved
only at relatively low speed in the take—off direction, a further
immrovement in the filwe arientation is not gttainable, hence loy
strength product, For thig reasom, an attempt has becon made to
effect a positive influence through the injection of compressed aix
@ a stream of suctiam air (19)
2¢2.64 ication an e of Open— ichian-g

Open—end frictiom-gpun yarns have not penelrated the yam
market (7}, partly because of the comparatively wide range of yamn
countg produced by ring spinning and the diversity of filwes it can
handle compared to OB, frictiopmgpinning and partly due tc the loywy
girength of CE frictiomspun yarng, Means of straightening the
fibres to improve orientaiion are required to obtain the tenacity
needed far full commercial success(l) « The new splmning system has

been emplioyed far producing relatively fine yarnm, For spinning
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finer ghort-gtaple fibwe yerns (finer than 25 ®x) the OF friction=
gpinning appears pmriicularly gitmective, tecause with this

technol ogy{1§ the speed limitation dictated by physical and
technol ogical reagong ig much higher than in OE rotar sriming for
ingtance, .

A particularly favouralle future is being farecagt far open=end
friction-gpimming becanse of its high production rate, and also far
the wide range of application(lf) of the altermatiwe spiming
techniques at the present time, Well known textile machine
memifoc turerg are competing with each other {o aprly this gpiming
Irincifle in order to be in a pogition to profit from any possille

comercial implenmentation of this 'bechxﬁ.qué',’

3,3, Effect of Procossing Pavameters in Open—End Friction-
Spming S e Ce

203.1. .B_.El.e CCE Opanénﬁ Device

The quality and structure of OF friction~gpm yerns depend
esvenidally o the arrangements for filwe opening and feeding(9) .
In particular, the regularity of the fibre Fflow and the degree of
filre gtretching and oxientation during filwe attachment to the
rotating yarn end are of major importance (G) (1) « Opening
device is respmsible for effective and unifarm fibre singling(16)
and may be provided with injectors for manipulating the filres
gtream, In this way the yarn properties may be varied more than
1009 depanding on the typesg ol opening and feed units. It has als@
been stated clearly that {J) the opening cylinders are regpongilble
fur an excellent division of the sliver and separation of the filwes.

2s34141. Filre Presentation to Opening Cylinder

In the dliver feeding in groups, as alze.ad.y knoyn from the
Dref-Machine s, the fibrea are fod vertically to the yarm takewofi
direction, The doubling, can be regarded as an advantage of thig
method. In the crogs section of the yarn, filtwes from different

gliverg agre found which are gygtematically digtributed over the
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crogs section(®) . On the other hand the feeding of the filres
verlically to the yarn take~off direction ig comected with a very
small length of fibre usage and cmgequently with a lower tenacity.
Thug, this procedure ig only suilable for the production of coarger
countyg, which congisgt of different filwe materials, egpeciaily,
hovever, for those congisting of waste materialg, Thig fact coulled
with sliver feeding amd fitre feeding led to the opinim, that OR
frictiop~gpinning repregents a technology of coarse yarns, Far the
improvement of fibre aligmment in the direction of the yarm axis a
“parellel igator® was developed by Fehrer, With the help of thig
rotating teater Wade disk, those fibres flowing in verfdcally to
the yam axis are mant to be deflected.

A revw development is the use of ohlique feeding of aingle
glivers which are opened to gingle filres with the help of an opening
aggregate, several factorg of influence are importang, A tempararily
comstant floy of fibres is required by separating the aingle filwes
from one another and having them to flow ag well aligned umitg into
the yarn formation area where they are bound into the rotating yarn
and parallel to the yarn axis. IFrom this requirements, which can
only partly be fulfilled, cerfain realizations and arrongements of
the opening aggregnie and the fibre guiding cangl are derived, The

Iatier should be sloping tetween 10 and 45° towards the yarn take

off direc tion(f) .

The yarn take off can te effected against (backward spinning)
or in the spiming direction of the fibwe feeding (foxward spiming,
The influence of the sgpirming or yarn teke~off direction ig again in
reciprocal action Lo olher technical spimning measureg, so that one
or the other variant cannot e generally prefexred in regpect to
spiming performance andt regult, Certainly the remaining comstwuctive
realigation of the machine is an important poimt far the choice of the

yarn take-off direction,
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In open—end friction-ppimning systems the main reasong for

wngabi sfactory spiming results can be found in the wnfavouralle

oonditions during the fibre accumvlation dependent on the procedure(18. ¥

2e3¢142. QOpening Cylinder Parameterg

- Generaglly, glivers of the se¢md drawing passage are fed,
AMlthough the application of a high=~draft drawing asyzfem for the
attermation of the gliver is possilble. Opening aggregate, as they
are knom_frcm rotor spiming, have succeeded. Thege opening
cylinders are equipped with meedles andfor sawtooth sets(3). The
cpening roll of O rotar-sriming is algo to ke geen o the platt
Saco Lowell OF friction—-gpiming machine. In that case, the filre
trangport to the collecting surface ig via a fibre feed duct.

Lawrence ete al,(19) demonstrated how the geometry of the fibre duct,
the getting of the air mpeed and itas velocity ratio relative to the
opening rdll, influence the {ibre flux and the fitre orientation,

One of the major proulems with thig bagic prineciple is the free flight.
of fibreg and the conpequent elimination of the drafting effeet of the
drawframe drafting, In other words, the filreg are not fully aligned.
Their compregsion on impingeing on the collecling su:rlface also
contracts the drafting, within the result that there lg a characteristic
randem orientation of the filweg, In open-end friction-spinning more
fayourable corditions apply in the fibre acceleration in the fitwe
trangport sector than the easge in rotopeppimning, Ine to thig, the
fitres have {o e arientated with other means, usually of aerodynamic
nalure, In OF frictionwgpirming, the rapidly incaming fitres impinge
on a yarn end rotating at high speeds However, gince it ig moved omly
at relatively low speed in the take=off direction, a further improve=

ment in the filwe oriemtation ig not attainatle (3) (10) (19.



13

203.1 .3. OEenng ROller SEeeﬁl
Orening cylinder speed is very impoxtant in getting the desired

ragult in open-end frictian~gpinning system., Suitalble opening roller
speed is desimble to improve the degree of opening, {ibre wvelocity,
fitre orientation after ocpening, yarn regularity and dynamome iric
propertles (gubstance utilizatior) (1§ . No optimum opening rollex
speed has teen estalblished because of the complexity of the gpinning
systen,

20342, Qpening Efficiency and the gtate of Order of the Filreg

Filtren opening efficiency in this gpimiing system ig expected
to be high for improved quality. The mechanically effective meaguwrea
taken by Dr. B. Fehrer for the improvement of the filre aligment with
vertical feeding ayrangement are commendalle, The improvement of the
quality of fitwe aligment in the stage of filwe feeding and yarn
formation, however, is attempted first of all by technical aercdynamic
meacures.

In OE rotar=gpiming, the fibres in the cmic fibre guiding canal
are gpeeded up, aligned and stretched unler the effect of the vacuum
in the rotor houging, The filres are furthermore aligned and sire tched
wiile leaving the rotor rofating with a higher circumferential speed
and during their gliding into the rotor groove., The behaviour of
filres in OF friction-gpinning i different, Here, fibre stretching
and gl igmment are much amaller,. During the comecting rhase of the
fagt flying fidtreg with the y@rn end moving with limited speed in yarn
toke=off direciion but rotating with high speed, no further improvements
are to be expecited as in rotomgpinning, By megns of an injection of
compre gged air, the pogition of fhe fibres in the fibexe guiding canal
and the process of feeding can be influenced. another pogsibility is
represen'be(d.s%y the applictim of a guction giream far ihe aligment
of fitres in the accumulation, that is to say yarn formation rhase as
described by Fla.t'b Saco Lowell . %, The meumatic measures repre gent

impertant devices for the contrdl of the QB frictiop~gpinning provess
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and of the yarn characterigticss They may never however, be seen
igolatedly tut always in connection with other gpinning condi tiong.
As the gpinning system stands now, the state of order of the filwes
ig poar as shown by the results of regearch work done in thig grea
and gupporied by many parers done in the past in the area (9 () (9.

24342014 gtate of the Order of the Filwes in the Tarque Zmme
The optimum orientation of fibres in the tarque zone has not

been achieved yet aml it is a factor regpongilile far low tenacity
of the yarns from the gpimning system, In OE friction-gpinning
efforts are made to work with feed gliversg gimilar to these in OE
rotar=-gpiming, With the miltigliver feed intraduced by Fehrer,
tegides the different doubling conditiong the fibre mags distribution
algo differs fram that with a filres stream fed at an angle (5 . The
fibre mags digtritution in the collecting zone occuring in practice
may be gimultated by feeding in fibres with the friction element
stationery, followed by determination of the mass distribution by
cutting and weighing, lMuch more informative is measuring the pulse
dengi ty, i.e. the number of fibreg at different pointg with fibwre
orientation along the fibre duct opening, during the gpinning procesgs,
By meang of a meaguring head developed by the Institute far
Textile Technology of the RUIH Aachen (5 which serves also to detect
the fitre speed and filwe arientation; the local pulse density is
registered = g characteristic proportional to the mumber of filwes.
There are varioug pogsibilities of influencing the fitre distribution
in the collecling zone with various injector configurationg and
injector pressures, Generally, the fibres are expected to be stretiched
out and parallel with yarn axis (in collecting phase for good yarn
characteristics in the tarque zane, but unfortunately this condition

has not been fully realised(16) .
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The realisation of this condition will eventually give good
yarn gtruciure, improve yarn finenegs with tetler regularity and
good dynamometric In'oPertiea.'

203030 T arque Productd on

The required shear field meeded o produce torque may be obtained
in a variety of ways, but it ig usually required that the laieral move-
ment of the yarn be zaro(1) . In gimple theary, two moving surfaces
move at equal and oppogite velocities, anl the surfaces are kept in
comtact, with oppogite sides of the yarn being itwisteds To gererate
a torque, forces F have to be aprlied, and the remulting forque is
Pi‘d., where d isg the diaﬁeﬁer of the yarn and p is the dynamic
coefficient of frictia, The normal farce between fhe yarn and the
moving surfaces hag to be produced, in mogt cages, by a force F,

wiilch creates two reactiong I?..| and K The tangential forces

20
moduce T orques -

Torque = (}JI{,l + @Rz) a/9) —_x

It hag been fully recogrized that the geameiry of the gystem

i

greatly affects the ratiog R.lﬁi‘ and szf' for that reagon, the

separation of the torgue rollers (@ and the locel yarn diameter ()
are critiesl factars, The force P is usally produced by causing
alr to flow over the yara, through perforations in one or both

torque elements into a sguetion device. Thig force ip a function of

- the mressure differcnce P aeroge the wrh and the projected area of

the yarn {5Y.ds . The spinning tengion and the torgue are both
functions of F. However, there axe other factors that affect thenm,
and these will now be discussed. |

In opewend friction-spinning, the yarm end is tapered, fibres
gre added continuougly in the vicinity of the tapered pourticn, and

formed yorn is removed cantinucugly fran that sectian, There isg a
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mass equililrium beiween the arﬁiving fitreg ard the departing yarn,
but the linear dengity of the fibroug maferial in the zone is not
recegsarily constant. The yarn dimengion changes almg the length

of the formation zone, and the local foarce gradient varieg accardingly.
At the thin end of the taper, where Y« G, the yarn would pass through
the gap if the air streazmlines were tangetial to both torgue rallera,
However, the spireanmlines are contralled by the geomiry of the nan=
rotat ing suction cylinders ingide the targue roillerg, The slitpg in
thege cylinders are in the vicinity of the nip, with the consequence
that the thin end ig algo held in the vicinity of ﬁa nip. Where

Y = G, the angles of the reactions E'..l a.ndB.Z change along the length

of the rest of the fapered position of yarn, This impliesg that,

where YA spproaches 1.0, the ratio R/F approaches infinity, Wt F

approacheg zere, and no torque should be generated by direct contact,
FPron the above eg@ation, we haves

torque = (Y/5) (B1(F+R2/}) )
ut |
d¥ = PY.dx .
and héme the incremental forque gencrated ig equal tog
®fr + R/D O (WD (L) @

for each inerement of lengith dx along the yarn between the points

where X = z and X = 1, Ap Y spmroaches G fram the thick end, the

term R/F increages and the term Y decreases, with the result that

- the torgue distritutim along the tapered end of the yam varies,

In practice, the effective diameter in the yarn~formation zme, the
coalficients of friction, and the lungitidual pressure disfriutiom

vary and modify the torque distribution from that described thearetically,
§

However, it geems reagmalble to agsume a polynamizl relationghip

te tween toxque and length over the fibre assembly zcne (1),
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2¢3e3s1s Role of Torque and Agsociated Paramelers in the
Mechanicg of n Formaiion

The twist distribution is determined not only by the torgue
distribution but also by the changing stiffress of the filroug
material in the agsembly zone, Varioug amular layers of fibre are
likely to have different twist levels. The outer layers of filwe
are depogited in the vicinity of yarn departure, and the core
fibtreg are deposited at the thinnegt portion of the farming yarn
tail. There ig algo a pogsibility of false=twist level of late-
arriving fibres, These late arrivals form a gheath, which defines
the gurface character of the yarn(l).

For the formation and targion of the yarn assemhbly, usually
rotating frictian elanents are used. In all capes the fed fibres
are formed to the yarn assembly in the nip of the friction elements
used and at the same time gtrengthened by twisting(3) . The
importance of torque generation can not be over emphasised in open=-
end frictionegpinning since the congolidation of yarn takeg jlace
in the torque zone anly,

234302, REffect of Spinning Speed on Yarn Fropertieg

The arguments given here under the effect of gpinning speed m
yarn properties should be regarded only as reveal ing trends, as the
large mmber of fibre and machine pgrameiers may influence the
strength level, for ingtance, considerably in game cases. Apart from
the known influences of fibre type and fineness, the temacity depends
essentiglly on the spinning speed amd the friction ratio(16) .

Owing to the worgened doubling, both finenegs reductian and
speed increases are detrimental to strength, Depending on the
friction ratio a tvist statle optimal far the yarn sirength adjusts
itself gererally ag with ring and OB rotar yarng, With congtant

friction ratio, as expected the elongation increases as the yarn

becomes coarser. Finer yorns spun at higher speeds also display
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poorer mass irregularity. Neps, thick a.nd thin Hlaces show the
same qualitative dependence on the spimning speed, yarn fineness
and frictiom xatio, With coarser yarn counts the twist factar
increases due to betier friction transfer, and may e directly
influenced by means of the friciion ratioy
2,3.3.3. Spiming Speed

In view of the high spiming speeds attainable and the mass
associated with thig, an additional aixflow in the filre conveying
zane ig uped. The gpeed of spinning renges from 200/min to 450m/min
at. present of decigive importance to the gpimahbility of finer yarng
with satisfactory properties by the opawend frictiam~gpiming
rrocess are firstly the fibre stretch out and Iorien'tatimUQ '
gecondly, the doulling action of the particular spiming wnit,
Though the technalogical pogsibilities for yarn congolidation, i.e,
twigt ingertion, are nmumeroug, they are of minar importance to the
furdamental question of finer yarn gpinability tecause they affect
the yorn gtructure and irvegularity less than the influences in the
fibre opening, feed and colleciion zoneg, The difference hetween
the fibre gpeed and the yarn take off gpeed causes in general the
bad crienlation and streiching of the fibres in the yarn from vhich
the relatively low sirength of the OR friction~gpun yarns results(18 .

In both ring and OE rotoar spinning systems, the spiming speed
ig gtrictly dependent on count and twist, about 20m/minute far ring
and 150m/mimte for OF rotor spinning. Whereas, in OF friction-
gspminning, the spiming speed doeg not depend om count end twigt and

ig over 200m/mimute(3) .
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2.4, Twist Characterigtics in Open—End Friction.Spiming
2.4¢1. Mechanicg of Twist Insertion in Open~End Friction-Spinning

The tensicnal yarn drive regerding the open-end friction-

spiming system allows gpirming speed which pramise consideratle
econamical advantages conpared to the ring and OE robor mrinciple.
If one digposes for the interlocking working principles (ring and
OE roton) of relatively large lever arms for the creaiion of the
toarsion mament, for the OE friction-gpinning system only very short
lever arms are availalle for the yarn drive(1§ . Iue to this foct
regerding the open-end friction=-gpinning sysiem congideralile forceg
are necegsary to creale a torsion mament camparahle to ring gpinning
ar OE rotor gpinning ag only the local yarn radiug acts as lever arm.
Furthermore, for OE friction~gpinning because of the yarn drive by
the help of friction forces an increaged energy expernditure ig
required for the reciprocal value of the friction coefficient,
This is the reagon for the high suction farces which are necegsary
far OE friction-gpinning often incomprehengible for a lay mane

Two elements systems which were at first develored by Ir.
BErngt Fehrer(d , which are today state of engineering — cause g
mwegsure of the yorn between two counter-rotating plares, the so
called friction elementg. The twisting of the yern depends on the
mmber of revolutiong in the gpinning zone and can be influenced by
different machine parameters., The penetration of the yarn by suction
of one element or both elements with underpregsure causes a pressure
of the yarn on the friction eleament surfaceg. When gpimning with
two friction elements, the maximum transferable mament and the
digplacement can be influenced by the friction coefficient because
of the use of the adhegive force, Campared with one clement system,
two element systems offer the advantage, with a high adhegive force
necegsary for a good apinnin'g stability to allaw at the same time an

effective farce trengferahili ty,
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The fitre gitream profile Iin the yarn famiion zone leads to
an increage of the yarn mass which itself causes the growing of the
yarn rediug, The radiug develoment ls additionzglly dependamt on
the individual packing density of the milt fomation and algo
strongly on the uged gpiming system(20). In the theoretical cage
of the interlocking yarn drive the local yarn rewlution would behave
proportionally to the reciprocal value of the yarn diameter, Iue to
the increaging yarn dargion moment which reachesg its maximum value
in the face=off zone cof the spirming device, ﬂle yarn rotation
decxeages during the gpiming process to zero, Furthermore in the
areg of the open yarn end the acceleration farces on the landing
fibres are too Iow to attribute to them the maiimm yarn rotation,
The yarn rotation &t the open yarn end is lower than the maximm
rojation, The yarn rotatiom decreages contimmougly up to the take-
off of the friction gpinning device. There the camplete rotation
gtand still occurs. |

By the helyp of trangparent friction clements (disk or drum the
real gpinning process can v documented photographically car with high
frequent cimematograthy (20) » Regarding the photographical procedure
it ig possible fo ascertain by the meaguvement of the local yarn
diame ter and the outer fibre angles the angular velocily regpectively
the rotatian grath in the spimning area. High speed filmg of tha
ppinning process will algo agsist determine the yaxrn rotation graph
by the help of the picture fregquency and the yern take off speed.
The direction of the fibre angle of the outer yarn layer chanpes ab
a certain peint during the motion through the spiming zone. The
reagon ig that the part of the yrn with the maximum revolution
mmber rotates faster than the non-rofating pulled off yarn and the
relatively slowly rotating yarn end, h

The main drive point,i.c., the position of the maximum revoluﬁon
mmber for the Ritwe configuration and the yarn gtrengthening during

the gpinning phage are very lmportant. With a further displacement.
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of this point in direction of the yarn take off the yarn twist
decreaseg within the spiming zore, i.e. the yarn twist occurs only
ghartly before leaving the gpiming device. I1If orne increases by
guitable meagures the revolution numbers of the yarn end then g
further twist decrcage takes Flace within the spinning zone with a
larger digplacement of the meximum revolution mumber., The lesg
twigting appears within the spiming zone the more congtant becomes
the twist distribution over the yarn cross section as the main twiagt-
ing occurs only after the complete yarn formation,

244+2« Role of Friction Elements in Twigt Characterigtic

The friction elements sre respongible for tarque gereration
which in tum is regpongible far twist insertion. The following
influencing factors of the drum or disk will affect the amount of
twist gereration amd the amount to bte imparied(d) .

= digmeter of the friction disk.

- condition of the friction disk surface.

- execution of the drum - (diameter and lengthl.

- cond ition of the friction drum surface and pexrforation,

- mumber of revolutiong of the disk amnd drum and their

coordination,

- rotating direction of digk ard drum.

= influence of the rotation and trangporting component by

varigtion of the digk pogition,

- geometry of the nip tetiween the friction elements (drum,

digk) « Also important here are the finigh and adjustment
of the suction and the suction itself, All these will

have tearings on twist characteristics.
Further factors of influence are repregented by the yarn take-—
off speed and the direction of yarn teke—off, The multiple realisation
formg of openeend friction-gpinning and the mul titude of factorg of

influence illustrate the complexity of this gpinning me thod.
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2e4ede Influcnce of the Suction on Twight, Strength and Kl ongation

The influence of the suction in the drum on strength, elongatiom

and twist is very marked. The higher the suction pressure the higher
the glrength and breaking elmgrtion(® « Db, the higher the suction
pregsure the lower Lhe {wist in yarn gtructure, If drum aml disk gre
the friction elements usged, gtrength amd elongu.tidn, yrm twiating,
gnarling temdency and hairinegs are gtrongly influenced by the
rositian of the point of theix synchronisation and the consequently
changed friction effects By meang of transparent friction elements
it is possible, to analyse the yorn formation ard fibre hinding
Processeg. ror thig purpose one of the cylindrical friction~drumg
particularly the friction digk can be made of glé.ss. While shorte
time recordings in the neno secondg yange of high-gpeed filmg will
alloy a thaough analysis of the operationa, which serve the purpose
of process optimization,

Zededs Measurement of Iwigh in Open~End Friction—gpinning and
Wrapper Tilweg .

Based on the invegtigation done in this area ascurate iwist

meagurement in open~end frictio=~spun yarns is a problem because of
the complexity of the glructure, Also, due to the inhomogenity of
the structure twisht varies over the whole crogg~gection of open-end
friction=-gpun yarng, 'This ig also complicated by the pregence of
weayrper fibres on the surface of the structure. These are the filres
which egcaped the twigt fomation mechanigm and they were banded
tenaciougly to the surface of the yarn, They were nct found in thae

core of the yarn, They do not contritmte meaningfully o the gtrength

of the cpen-end friction=gpun yarnsg,
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2e4e¢4e1. Twist in Open-Bnd Friction-Spun Yarng
The determinmation of the twist imparted to a yarn by the open-

end friction—-gpimning system ig very difficult because twist depends
on (g the relationship between yarn diameter and gpimning=drum
diameter, (B the spimning-drum speed or friction ratio, (¢) the slip-
page between the yarn diameter and the gpimning drumg, which praluceg
a logs of twigt, (d) the separation between the gpiming drumg and
(¢ the type of air injection and pregsure in the spimning druma (21) .
It is well known that there ig no accurate procedure allowing the twist
in puch yarns to be measured directly (29 (23) (24 (29 . Infact, the
apparent yarn twist and residual twist in open-end friction-~gpun yorns
(26 (27) can te investigated or determined by means of the untwist/
retwist method (28 , tut the method deeen't evaluate it very well
tecauge different regul ts will bte obtained by different persons using
the method,

By assuming the existence of different twist mechanigmg (29) ’
the apparent yarn twlst gives an idea of the amount of twist of a
conventional type, whose theoretical model is a helicoid existing in
the yammg, which it is pogsitle to eliminate by meang of the targiome ter.
The non=-eliminated (ar residual) twist depends on the yarn structure ad
congequently on the spimming system, It is possilile to calculate it
fram the machine twist and the apparent twist (23) (26 , and its value
is indirectly demonstrated through the yarn strength at a thearetically
mill twigt or residual strength, The theoretically mull twist means
that obtained by untwisting yarn by an amount equal to the apparent
twist, But, for nonconventional gpinning system like open-end frictione
gpinning it is different and the method is not adequate far it, The

author used optical and untwist/retwist methods for this research work,
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2ede4e2s The iffect of Twist on Yarn Propertics

! The twlst iz very importamnt indeed in open-end frictione-
spimning tecause it deiermines the mechanical properties of the yarhas.
As was mertioned before openmend fricticn-gpun yorn is usually weak,
and the {wist meeded ip upually higher than that needed in ring=
gpinning, ‘ypically, open—end frictionegpun yorns have oty about.

- 600 of the tenacity of ring-spun yarng (T} + The higher the twist the
higher will te the plrengh until after moximun trists have been
inserted, An attempt to increase the twist further will lead to over
twigling of the gtruciure, hence lowering the gtrength, Since there
ig no gpecific method yet for twist insertion, friction condition

irespongille far twist insertion may change (lower or higher) which can
lead 1o vndertwisling or over twizting and hence changes in the tengile
gtrength of the yarn. The twist mechanign of open-end friction~gpinning
ip very complex, Theoretically to have uniform twuist in open-end
friction—-gpun yarns, there must be uniform friction mechaniem with
little or no slip at a1l (1§ .

2¢Ds Yarn Tengion in Open~iind Friction=Spimming

1' ) The openwend friction-gpinning ig characierised by very minor

| yarn forces, since hardly any centrifugel forces have an effect upon
the yarn which rotateg about its own axige The small yarn forces in
open~end friction-gpinning tius aliow very hipgh spinning speeds. JDespite
A the lower yarn temacity mly few yarn breskeges occur during spirming,

2+5s1s Theoretical Congideration of Yarn Tension

H The yarn tengion in open—end friction=gpimming is very negligible
B in comparigon to ringespimning and rota~gpinning gystems. Iunengehlogs
and Brockmanns (3) use a high frequency tensiometer over a long pericd
to canpare the yam tensioh in open~end frictionmgpimning to ring and

open-end gpiming systemg, They capared ring spiming at 15,000 r,p.m,.
~with a ring diameter of 50mm and a traveller mumber of 10 with a rotae
o sinning at 90,000 r.peie and a rotor diameter of 40mm as well ag with

I3
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friction spimning by two sucked drumg, In OE robtor gpiming the
mean yarm tension amd its variations can be decreased by the uge of
gmaller rotarge In this comparison the much smaller yarn force and
the gnall yarnm force wvariation in OB friction-gpimning becanes
obvious, which &t an almost fifteen fold xate of production amowrt
to only at about 20 of the yarn tengion in ring ppinning and st mare
than iwo and a half fold production rate only about 144 of the yarn
tengion in rot@=-gpinning, In rotor and ring spiming. sycstems, yarn
tengion increages dragtically by increasing the spimiung speed, that
ia to say the mmber of revolutiong of gpindle and rotor, In a range
of spimning speeds of 100 up to 250m/min, only a small increase of
the yazrn tension in open-end friction~gpimming is oblained. The
standard deviation remaing unchanged, the level of yurn tengion isg
far below that of ring and rotor spimning, The small yarn tengdons
in open-end friction-gpinning are the reagon for the high gpinning
speeds being attainglle and very low number of yarn breakages in
gapiming, It has to be mentioned, however, that weak places which
Cause yamn breakages under the Influence of the high yarn Lengioning
in ring and OB-rotcr gpiming and survive the gpiming process in
open~end frictlon-gpinning, can be the c2use of yarn weakages in
the following stages of processing., 8Still the correlationg have not
yet been investigpted tharoughly enough to formilate a clear gtatement

| about the question, wvhether ihose weak places surviving the gplming

Irocess can impaixr the further processing of the yarns (%) .«

At the moment it can only be assumed that the open—end friction-
spun yarns availagble at the moment should preferably be applied where
no major gtraing of the yorn occur. I hag algo been found out by
Lunengchlosgs and Brockmanns (7)) that the kind of the open—end friction-

apinning ayétem glrongly influences the yarn traction, In this

comparigon the highegt yarn traction forceg are given by frictionm
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gpnning with two gucked drumsg, the lowest with one psucked and one
golid regpectively perforated supporting drum, Beiween thoge two
ranges the drum-digk system. The mean yarn {ension and the gtandard
deviation of the yamm tension are algo affected by the kind of the
friction gysiem employed, The type of disk gurface in correlation
with the spinning speed and the mean friction ratio hag gome influence,
In thigs conrection the friction ratio proves o be an important factae
for the influence on the yarn traction fuarce,

24542, Count Ranpe and Material Range in Open~End Friction-Spinning

The open~end frictimegpiming system can be employed to spin. ‘
coarge, medium and fine yarns bal at pregent up to 16 tex. At mregent
gotton and man~made fibres in short filwes form are ugeds The economic
vlability of the system ig not yet clear. At gpeeds above 200-250/min,
probably more econamical than OE rotar=spiming(3) «

245.241, Influcences of ihe Desigm on Open-knd Friciion-Spun Yarns

The shape of the drmums, length of diameier of the drums, using

one cfr iwo sucked drumg, percentage of perfaration in the totagl surface,
finigh of the friction producing drum surface, finidh and adjustment of
the suction cover plateg will all have varying effects on the properties
of open~end friciion—~gpun yarns. |

205+242o Influcnceg of Adjugtment in Open~End Fictlon-Spiming

The guction gystem, diamension armd geomelry of the nip between
the drumg, ratic of the drmum surface speed and yarn tke-=off gpeed,
ratio of the rotating speed of the two drumg will all have bearings
on the ppinning system. 7The rotating direction when uging aniy one
sucked drum, filre feeding device and direction of yarn take—off will
sl so have different effects and affect the spinming procedure arnd the
gpinning result partly in reciprocal aeiiome A very high pracigion

and a very true ruming ia demanded of the friction d.rumsi.‘
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2.5¢243s The Advantages and Disadvantages of Open~End Friction-
Spinning

The important advantages of the open~end friction~gpiming concept

include no centrifugal forces and loy masses rotating with yarn angldar
velocity and very low yorn tension, Extremely very high spinning speed
is pogsible and the surface gtructure of the yarn gimilar to ring yarn,
High flexibility and vergatility relative to processing filre material,
pogsille yarn count range, yarn cengtruction and field of apprlication(3).
The noigse generation of the machine is very loy, While the digadvantages
and uncertainties of open~end frictionmgpimning are to be found in low filre
gubgtance utilization factar in consequence of ungtraightened filbres,
inhomogeneoug twist distribution over the yarn crogs—section, Bad
reproducibility of the gpinning product in congequence of differenceg
between gpiming conditions influence of time on the friction conditiong
at the same gpimming pogition. There is no defined twist possilble

combined with uncertainty of economical advantages. Production of finer

yarng desired, btut technologically and economically uncertain, Y
Literature Review on The structure and Propertieg of Ope Rot
Spun Yarng :

2.6, Introluction

Few innovationg in the gpinning of staple fibres have arouged as
much interegt in recent years as the emergence of open—end gpiming,
One factor which is clear fram the various papers that have appeared
on the subject is that open~end yarns have a gtructure which is
different from that of ordinary ring-spun yarns. Open-end gpinmning
hag been one of the major develcpments in textile industries in thig
period and its history dated back to about one decade noy., In the
past two decades great increases in the productivities of the carding
and drawing processes were gseen but ring spiming experienced only a
very moderate increase, Fabric praluction capabilities also increased c

rapidly particularly with the greater use of knitted aml gtitch bonded
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fabrics, Hence, yarn production has been a majar bottleneck to

increased productivity. TFhe advent of texigred yarns also created

new competitive presgures on gbaple gpun yarns. However, with all ’
thege pressures for new methodg of spun yarn production, the treak

through was not so much the anergence of absdlubely new principle Wt

the refinement of ideas that date back to the 19th century,

Even though the rotating drum type spimer is a recent commercial
development in 1807, Williams paterted a system that utilized a
rotating comb fo doff fibreg from a card eylinder and condenge then
on to the end of a forming yarn, The desisn of the first commercial
machine or the Czechodlovak BD200Q, ig not very comilexs It is
obviougly an inverted asrdamechanical aystem witﬁ the ﬁ.ht'és being
delivered to the yarn forming surface in a more ar leas tangential.
mamner, The reasong far the reak through are both fechnical and
econamic, although not always distinguishalle in practice, On the
technical mide, the pure mechanicel sysiems are generally very
cumber same while the fluld anl gleclrostatic systems have been plagued
with fibre conirol mobtlems, Conversely the rotar (wr drun smnner
provided o viable gimple method which combined the begt agpects of a
gimpl ¢ mechanical method with fluid (ain) as an inexpensgive fibre
carrier, In addition the technique of ylacing the fihre on the
rofating surface in o tangential mede ig the most direct way of
oblaining the fibre in a pogition geo that it can ecasily be formed
into a high quality yarne High gpeed bearings at low prices and the
availability of suifable alloys far the esgenlial partis made the
achievement of a practic?l modcl of a rotor-type machine possible,

Al go, the availahility of metallic sawtooth wire made the develoiment
of the comber roll foxr high speed drafting possille, These technical
develommentyg led to a gystem that could produce a yarn with a better

fault rate and evermegg than ring yarn and, although the yarn produced

a harsher fabric, methods of filwe lulrication were developed to goften
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the mroductg, Thug the basig for accepltance hag been egballiched,

The economic reasons for the treak through are more commlex than
the technical agpects, Fven though the techniczl capability to produce
a machire with supcrion productivity and lLower labour requirements was
egtatilished, the prohlem of raiging the necessary capiial to produce g
comercial machine wag encrmous., There are many congtraints on ihe
introduction of new yarn making machinery, Thug, the reluctance by

machinery mamfacturers to invest in an entirely new concept is eagily

understood. Fentually this was overcame only by government paridcipation,

naely, the development of the 200 by the Caehoglovakionhg, Hven large
corporations have greatl difficulty in raiging the capitel to develop
such machirnes, as evidenced by the congortium farmed by Swigs, German
and Engl igh companies to develop open~end gpinning machinery.

Once it ecame evident that commercial mochines were possihble
and the potential market large, same individual carporations did make
large copital mtlays to develop OF equiyment, However, yarn producers
were very reluctant to invegl in thege new machines even though machine
rroducers launched a strong advertiging campaign to emphagize their
many "advantages' over ring spiming equd. pment Many testing and
regearch effarts cleaxly ingdicated that CE gpun yarns were very
different in character from ringe-gpun yarng a2nd thig, of course, was
one of the primary reasons the yarn producers were reluctant 4o purchase
the machines, When a few major purchases were publicised and the demand
far gtaple yarns was currently very strong, the galeg of 0F equipment
poared, Machirne producers were suddenly unalle to meet the demand,
Yarn production capacity, particularly OB yern increaged to meet
anticipated demand that suddenly gwank, primarily owing to the
recegiion of 1974-~75,

Problems algo developed with gome of {he end products made with
OB yarng, and in a aslow market the derand far these yarns in marginal

areag dropped bocause of the uncertainties, Doubtless, the recession
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has wrung oul some of the legs efficient ring and OE spinnerg and
hag more gharply defined the product areass The dewand for yarn is
noy teginning to grow agrin, Several featureg are common to mogh
(but not all) gurts of OF yai‘ns. Generally, the yarng are weaker,
lkier, legs hairy, more even and more extensille than ring yarn
tut always a qualifying statement has to be added. Far example,
hairiness is affocted by the way in which it is rewound, and it ia
always Posgible to produce an OF yarn which ig more hairy than g
ring yarn. The evannegs ig betler for error wave lengthg less than
the circumference of lhe rota, provided the rotor is clean, but it
ig alsc divegtly effected by the gliver prepagration and it is quite
pogsible for the over all cosfficient of variation 4o be worse than
ring yorn if an unclean rotor or poor gliver is used. The yarn Wilk
can be real or illusory accarding to the type of fabric in which the
yarn ig used. TFerhaps the most important aspect of the character
of OE yarn is the way it affectg the fabrics made there from, The
wltimate market for OF yerns is represenbed by the finished articles
made from the ynrn, In the ghort time, durability, performance in
leundering or oleaning, comfart in use, retention of shape, elc.
will gffect the conftinuing marlket, OCongequently, the ways 1n wirich
the yarne interact in pwrticular foabrie construction and their
reaction to finishing fay a gignificant role in determining the
mrket for the yarn,

OE yarng can be gupplied with a varicty of structures accarding
t0 the fitre, Hwigt level, machine and operational condilions used.
Since there is a superimpoged false-twlsting action at the Rumel
where the yarn leaves the rotor, the yarn iwist inside the rotor can
be quite different from that in the delivered product, fThe yarn {wish
inside the rotar helps determine the yarn siruciure as well as the end—

treakage rate during gpinning., When there ig a low twiat gradient,
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the yarn will be pomething like a ring yern tut when there is a high
twist gradient the yarn will tend to have a harder core than an
equivalent ring yern, The false-twist makes it possitle to gpin at
a lower real twist level than otherwise would be possible and thus
one can get the anomaly that a low twist OE yarn can leave a harder
core and not behave gquite ag one would expect with a low twist yarn,
The degree of falge~twist ig affected by the geomelry of the
yarn withdrawal tube and the rotor, the speed, twist level, and
count of the yarn as well ag the phygical properties of the filwe,
The (B gpinning speed ig in excegg of that of ring-smming gystem

tut OE spimning camot replace it but only to supplement,

2.T¢ General Ircperiieg of OE Rota-Yarng

2.7+1s  Yarn sbructure
The internal arrangement of the fibreg in a yarn can best be

stidied by direct examination of the distribution of gingle filreg
in the body of the yarn and by analysing their migration in the
crogo=gection of the yarn and along their length, The study of fitwe
ghape and the analyalg of the exploitation of the geometric properties of
fires in staple yorn are very essential in undersionding yarn
gtructure, A textile product is a comilex system which cannot be
congidered structurally as a homogeneous body ut rather siould be
seen as a complex of yartial groupings of elementary particles (3) «
Its gereral classification will depend on the analyticel approech to
the problem assumed; thug, for example, in a marphodlogical approach,
gingle fibreg could be taken ag yarn elementg, In non-wovens, the
element would be fibres and bounding agents, while in other textile
fabrics they might be even spun or filament yarng, etc, In the
broader agnaé of the word, the term "yarn gtructure" includes not
only the geometric properties of the yarn such ag Wilkiness, twigt,

hairiness, appearance and imregularity, tut also the relationg link
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between the fibre and yarn properties (30) + The interaction
betveen gingle fitwes and their arrangement in the yarn body
anal ysed by meang of the sectional distribution of fhe longitudinal
arrangenent of the length and filre shapes, gre features of the
structure in the narrower genge, The same abplies to the other
textile formp=gemi products and finished products., The characleristics
of textile gtructure can therefore be swmerised ag folloys:

(@} The clements of the gtructure, l.e. the fibreges

() The relaticnghip belween the structural elements.

() The digtribution of clements, il.es fibres, in the yarn.

{d) 7The outer form of the yaxrn, |

The structure of OB rotar gpun yerns differs from that of ring
yarns in the monounced variation over the yorn length of the helix angle
of the outer layers (31) (34)+ On the other hand the yarn core has a
structure similar to that of ring yarns, The care asgumes that yorn
twist given by the rotor gpeed and the drawy~off rate. Me sowcalled
wapper fibrep tied rourd the core of the rotor yarns can be recogniged.
The fibres pingle out by the openming xoll or fibre guide are deposited
in the upper part of the rotor walls whence ihey glide intc the groove
of the rotor, The levels of filre migration in the sitructure of open~-
end yarng are usually Lower (39 (36 and there is a cauze to believe
that the design of the OF machire affects the character of the yarn.
Here, mogt of the fibres form a atrand, whidh becomes the core of the'
yarn, 0dd filres glide inko the tying-zone where they are siezed by
the yorn rotating in thieg gone ard initially would rournd the yarn core
with S twigt. The Longer the {ying—zone ig and the gtronger the yarn
rotation ig, the greater the mumber of § twiots will bes After 1ifting-
off from the rotor groove, the wrapper fibres are wound round the yaxn

cave with S twist as long as the angle besiween wrapper fibres and yarn

-
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axia exceeds 90°(31), If the wind-on angle is about 90° far several
revolytiong, thig leads at the tumming point to the local concentrations
of the wraprping filre furnighcs subsequently, the wrapper filres
reverge their direction and run back into Z twigt, They then assume
the same twist as the care., The moment the ends of the wrapper filres
leave the rotor groove they are no longer wound round the yarns gurface,
They perform the same rotation as the yarn and attach themselvesg to the
yarn untwisted, The endg of the wrapper filreg sliding into the gtill
uniwigted fibre gtrand outside the tying-in zone are tied in with 24
twistg like the yarn core,

A black trecer fibre technique is being used to gtudy the
formation of these wrapper filres. These black fibres were added to
white carrier gliver in thousandth parts and gpun together. Thege
untwisted fibres are mogtly tied in by other wrapping fibres fdllowing,

Differences arige in the struclure of open-end yarng because of
the mamer in vhich the yarn is made (33 . Bridging fibreg are
converted into hooksg in the gpinning process and this reduces the
effective fibre length in the yarn, Fibres migrate in a different way
and the fibre-helix wave lengthg vary according to radiug; aleo, filre
tengiong are lower, Becauge of these differences, the yarng behave in
a different way in subgequent procegsing, amd also the fabrics take on
a different character from thoge normally encoumntered,
2¢Te2s Yarn Temacity and Flongation

The strength of open~end rotor spun yarns is usually 10-25)%

lower than that of ring-gpun yorng (33 . The rate of decline in yarn
strength varies with the yarn counts and materials to be gpun. With
10 cotton count there ig hardly any difference in the rate between
ring and rotar yarng; however, there is a congiderable difference
between the two in the @ase of fine count y2rng and algo in yarng

which a.re comfletely or minly compoged of man-made fibreg exceeding
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40m in fibre length, Becauge of the difference in the coefficient
of tuigh as between ring and open~cnd rotor yarns, the maximum point
of plrength of rotor gpun yarng cccurs at a higher twist coefficient
in comparigon with thot of ring-gpun yarns (53) +« The strength and
elongertion of open=end spun yorns is dependent on fibre lenglh and
fineness, but the effect of these parameterg on the yarn strength will
vary with filre types particularly for man-made fitwes (37). It hag
algo been fourrd that combing=rdll speed has a large effect on yarn
tenacity and elonghtion, Wl that the combing=roll wire type has litile
effect (39 .

2.Te3s Yarn Bvenness and Imperfectiong

Open=cnd yamm ig said to have g better evemnegs than ring yarn,
tut the truth of thig giatement depends on the error wave length (39).
It hasg beenh showh that errors ore reduced whon the errar wave length
in the yorn is less than the circumfercnce of lhe collecting gurface,

In practice the main advantagea in open—end spinning as far az evenness
ig concerned derive from the suppression or avoidance of drafting waves
and the mamfacture of larger paclages. In consequence of the multiile
doubling irherent in the layering which ocourg in rotae-type open-eml
gpinning, there is ugually an improvement in the shorid-term irregul ari ty
of the yarn, Hoycver, long-term variationg ariging from priopr procegses
are not greatly affected (39).

The normgl unevehnegs of a yarn congigis of a gpectrum of wave
lengths, and apart from the cbvious effects caused by suppresming the
ghart wave lengihg, there is also an effect on trangients. Suppression
of the short wave lengths tends to gmear gudden changes in linear dengity,
It ig unlikely that slub~like faulis will be produced, ard much Laults
that are mroduwed are likely to have slowly tabered endsg, the length
of the tapered pogitions heing at least several inches hong, Long—and

modium~term variationg affect the OV of linear density, and the normally
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measured CV ig the integral of the errors of all wave lengthg within
the caprcity of the meaguring device. Thug guppression of only the
short-term errors gtill leaves those of longer wave length, DBridging
fibreg in gpinning are alge conlributing to long=term variationg in
rotor spinmning. It is cleax that to get even yarns it is necessary
to take particular care in the prior processes to achieve evemness
and cleanlireg of the gliver to be used for gpimning, and it is also
necegsary to uge aprropriate fibreg,

Damage to the comhing rdller can also produce a period effect of
geveral times the wave length mentioned above.

24Te4e Yarn Abrogion Resigtance and Other Mechanical Propertieg

The outer filre layer on rotaregpun yarns has a rough surface and
thig layer is not eamily troken by friction agninst other material s,
and the core ig not exposed and this is the reason vhy rota gpun yarns
ghow a rother high performance in abresgion resistance (40). Some helical
corrugations deriving from the gingle structure are found on the gurface
of rotar=gpun yarns, so the perks of the corrugated helical surface are
the firgt to come unto frictional contact with other materials and thus
mass damage of gll the fibres on the surface of the yarn can be avoided,
Again, the reagon yhy rotar-gpun yarng ghoy a geod alragion registance.
The falrics from the yarns have gmooth gppearance, Hence, although the
yarns are more bulky than an equivalent ring spun yarns before finighing
becauge of the fairly large percentage of hooksg and folded fibreg,
they are not necegsarily more bulky after—finighing (32) ., The
hairiness of rotar—gpun yarnsg is higher than that of ring-spun yarnsg
in gereral terms,

2.Te5s FProcegsing Techndlogy and Terfarmance of Rotor OE Yarng
In open=end spinning, the yarn end ig rotated onto which the

fibtres are fed in forming the yarn, In order to aveid a Jossihle
false-tvigting effect, it is absoclutely necessary to provide a reak

in the fibre flow which meang that contimicug filre entanglement in
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the gliver feed must be twoken up into independent, individual
components (41}, The opener and feed roll device supplies filres,
at a steady and congstant mte, the fibres are separated furiher gnd
trmansferred to the actual spiming unit vhere the components are
collected ard reassembled into a more or less twigted configuration,
After the break is achiieved by high smed, the components are
reassemiled in the spimming unit to the desired yarn count, Thig
condensing step, sametimes referred to as backdoulling, is equivalent
to a draft gnaller than 1 (4§ . It provides for an excellent
opportunity to even out shorb=iterm irregularities, bulb under cerdain
corditiong it creates rroblems uhen the i‘ibres'aaae retarded, leading
to fibre-hook or fibre-loop formation in the condensing rhase, One
of the prollemg in developing a satisimetory openend machine ig o
overcome thisg difficultys A Ireliminary comperigson with the ring-
spiming machines showed the OFE rotor machine to have favourahble
yarn iengion paremeters (42 . A production-limiting yarn tension
range ig reached at much higher gpeeds than in ring-spiming process,
The latter reaches such a limit at 1520 thougand r.v.m., while the
OE process can realige gpeeds of 60-T0 thougand r,P.me s although hexre
the mrohlem of begiming the yarn remgins to te solved (49 . Thig
gpliming system therefore permits much higher average yarn tensiong
than the ring smming rocegs, Thig may be attrituted to the
smoother movement of the yarn @ii-al in commrison with the yarn
ball con,

The develoment of rotor spiming inltially took place in the
area of coarse anmd medium yarn counts, Today, robtar~gpiming hag
been extended to the production of fire yarns, though the ecoromis
advantages of the smiming system decrease with finexr yarn counts (43) .
Asn the rotar-gpeed increages, the yarn tension rigeg with the gquare |

of the angular spoed of the rotary
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2,760 Application and End-Uge of OB rotar Yirng

98 rotar yarns are predestined for items which are not required

| primarily to pPossess very high strength, sofier handle and teilliant
surface effect, Wt rather maximm evemess, good covering pover and
a somewhat firmexr handle (44) . Pahrios in vhich rotor yarns are now
being used with great suceess include bed lining, bage fabrics far
ooa.teti surface products, raiged articles, decorative fabrlcs, houge=
hold textiles, warkwear, print cloths, interlacings, denimg, heavy
poplin coatings and leisure wear (449 . Other cloths that can be made
guccessflly from OF rotor yarns are cords, texries and single jerseys,
though a certain amount of process kmowhow 13 required for these, On
the whole, howover, it would bé more purpogseful if the difference
betreen the structures of rofor and ring yarns @ould be narroded
farther, This is not only becaonse »ing yarn has supericr mroperiies
for gome applications but above all because the existing stanlards are
based without exception on long experience with ring yarns and
modification of these stanlaxds can be accomplished on very glowly.

2,8, Effect of Frocegping Parameters in Rotor O Yarng

The mroduction advanteges of open—~end gpinning crvér ring gspiming
decrease ag the yarm becomeg Lirer., Generally, in ring spimning
smindle sbeeds are increased far finer counts, tut the trend iy the
oppogite in OE s@ming, Also the quality of fine OF yarns deterdorates
rapidly at high rotar speeda (38 . In a study with a constant rotae
gpeed, tut different combing-roll gpeeds, some workers found that
combing-rdll gpeed had a laxge effect on yarn properties, but that
the combing-aroll wire type had lLittle effect, The airength of OF
roboxr yarns reduces at high rotor gpeeds due to the increase in the
twigting t@rgue to the yarn formation point., Such an increage
disturbg the fibre orientation and siort~term uniformity of the yarnm,

vhile the decreage in the fibre orientation of filweg in the rotae,
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the greater fibre Iregkage at the fast combing-rdll gpeeds. Yarn
varigbility inareageg at high rotor geedg, In OE rotawgpimning,

the mmber of fibres in yarn cross section must be considered as the
critical mgnitude becauge it affects the mechanical propertieg of

the yarn (45) « Rotars with smaller diameters may require highex
coefficients of twist than those with larger diameters, if the rwming
moperties of the yarn are to be the same (47) with consequence of high
tengion hence yern hreakages.

It has also been found cut that the strength of openend rotax
yarng is enhanced as the gpinning speed inareages, probably owing to
the increase in the centrifugal force, which presses the filtres into
the groove of the rotor and thug straighiens them as the sriming
speed increcses (46 « The increase in yarn tension as speed
increases will algo tend to straighten the filwes, Due to this, the
extengibdlity of the yarn drops sharily, Due to the fact that, at
the highest extension, the yern breaking extengion is slightly less
than the fibre extengion ig mogt wrobably due to the fact that at
thege extengions gome of the fibres are straight, whereas others
gtill retain some cwrl (46 . The sitraight filwres will take a large
part of the load and will hreak at an extengion that is less than the
fitre extengion becauge of the effect of the pregsure on these fibreg
exerted by the outside layerg on the core of the yarn,

2.8.,1, Role of Opening Device

The opening device is resrongible for opening the individual
fibre tufts, Most rotor spinners have a wire clothing that snatcheg
fitres from an advancing gliver, although it can be argued that the
uge of a pinned roller ig kinder to the filres, suffers from less
wear and cauges lepgs damage and ghortening of the filwes. The {ypre
of wire used on combing rdll will affect the degree of opening,

e 0° wire removes less lint while the 30° wire removing more (38).
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Lint increaged significantly with increzged combing roll gpeed.
The wire argle hag no effect on yarn variability while yarn

variability increases at high Totor speeda. Milres undergo a.

firat speed charnge ag they are combed from the sliver by the card-
wire bteeth that cover the rototing combing roller, A high wvelocity
alr=gtream zlong 2 chamel further accelerates and remcveg the filres
from the wire teeth and carvies them into the spirming chamber (47).

It hos been ghoyn that filre breakage in the fibre pregentation ares
is of prime importance and that fitre breakage effects can be minimiged
by uging a low linear density of sliver, a high gpeed of gliver inmut,
a dlow combing rdller speed, and a combing wdller vith a low wire—
point dengity (47) . The choice of combing rolie:r: sbeed can significantly
affect yarn 1m0perties. Generally, the mpeed must be increased as the
yarn Linear dencity is increaseds Thig contrasis with the recomended

fixed greed of 8000 r,p.m. for the gpimming of cothan.

2.8.141s Ellwe Pregentation to Opening Raller and Openning

Rollex -}_?axamterg .

In order to obtain the individual filres, the comtiruity of the
fitre stream mist be hroken upe It is possilile to achieve this open~
ing action by meang of rdller carding or rdller drafiing followed by
glr miction (41) « The former fechnique iz being used in the Zeth
mgchines, Roller carding provides excellent opening actdon tut the
optimum card wilve and xdller gpeed must be lknown, while its wire cloth
cregtes fitwe hooks, The degree of fibre parallelisetion in the aliven
feed ig disturied alzo, and under certain conditions, filre damage con
oocur, Iue to all thege mroblems, airon drafiing system igs being
enployed to open the sliver (41)y

A drafting dliver may contain 15,000~30,000 fitres per cross—
gection, and the id.eallcrpening action requires that sach fitre bas
mlled/out individually from the sliver, Infact, it is pessitle to

oblain this result by mechanical drafting alone. In practice, the
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drafting system will provide a certain partion of the total draft
and an adequate air-suction stream will comilete the opening action,.
Being aware of the difficulties at very high dxeft ratiog, say 50—
100, which are cauged by short (fleating fitres that camot be kert
under sufficient contrdl in an amron drefts system one usally

me ferg to operate with normel draft mtiog of 25-40. It has alsgo
been ghoym that improved fibre flow uniformity results as the mumber
of fibres in the crogs—gection leaving the front rollers becomeg
smaller, i.e, when mechanical draft is high.

M go, the opening rdller must be supplied with as steady a flow
of fitre materials ag possible., The arder of megnitude of this flow
is several thousand fibres per ses (48 . A strict condition far this
is the exact clamping of the dliver between the pressure plate and the
intake roller, so that only thoge filwes are drayn in that are actually
in tum according to thelr pogition in the gliver, This ocnlition_
ig not fulfilled with a vertical condenser ani pressure late,

Another gource of difficulties in the intake gection ig the rdller
woge gtraight grooves may produce cut yarm, The releage of the filre
ends from the nijpline ig smoother if a helical groove arrangement is
usged,

2.8,1.2, Qpening Roller Spoed

As has been mentioned befare the choice of combing rdller gpeed
can gignificantly affect yarn propertieg, In general termg, the gpeed
mist be increaged ag the yern lirear density is increased (47). This
contrasgts with the recomended fixed speed of 8000 r.p.m. for the
spinning of cotton, Lunenschlog and Tartosa (49) fourd that the
fibre orientation decreages congiderably at extxemely high opening
roller gpeeds, Thig digorientation at the high opering roller greed
of 11,500 r,Pems can be due to the fact that a larger mmber of fibres
are thrown out to the wall at the entry of the fibre duct as a result
of the high centrifugal forceg, Thig causeg partial compregsion of
the fibres, and any streightening already is lost again.
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2.8,2, Opening Efficiency anl the State of Order of the Filweg

Te state of order of the filwes at the begiming of the filwe
duct shauld be of decigive influence on the degree of opening and
arientation of the filweg at the exit of the fibre duct and thms on
the properties of the OE rotawgpun yarns (49) . Filres passed to the
fibre duct in a bad opened and digoriented state will be separated
and orientated only in part. Even a sirong drefting of the filwres
as they pass from the fibre duct to the immer wall of the rotor will
have an only limited effect in compensating far such shortcomings at
the entrence of the fitwe duct. 'The prerequigite for a high degree
of orientation and opening at the entrance of the fibre duct ig, apart
from a careful preperation of the gliver, a gentle and unifarm
gseparation of the filwes ig required,

After the opening process, the fitres are pulled away from the
feed raller armd will then be accelerated to a velocity approaching
that of the airstreamy, With regpect to yerm uniformd ty and,
particularly, to the yarn structure, it ig of utmost importance to
maintain the fibres in a stxeight and paxellel configuration and not
to disturb the fibre flow unifarmity during the transfer rhase (41).
It hag also teen reported that, while evermgss of fibre flow may be
maintaired, it ig rather difficult and, perhaps, impossiltle to prevent
the fitres from curling anl crimping during the passage in the air
gtream (41). This is a major handicap of open~end grirning,

2.8,2,1, siate of the Order of the Fitmeg in the Rotar Grooye
If it ig apgumed that the drafting stage ig perfect and that

fitreg enter the gpiming chamber of rotor in a welle~separated and
oriented condition, Thege filres are laid unto the cdllecting gurface
of the rotor and are held there by centrifugal force (32 . It is
pogsilile for the surface gpeed to be glightly higher than that of the
arriving fibtre and this can cauge a beneficial fibre streightening.

A V=ghaped filwe-collection surface will also assist in thig regard,
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The fitwres are exprected to remain gtraight and ariented in the
rotar groove far better quality of yarns, If we oongider the
fitres to be gtraight amd laid end to end in P rows on the cdllect-
ing surface, Algo, if there are n fibreg in ynrn cross=gection,
the rotor hag to turn n/p times to tuild up sufficient filre, while
the fibres assembly is then peeled off the collecting surface and
ig carried radially inwards and then out along the rotar axig., Each
revaution of the rotor ingerts about one turn of twist into thig
fitwe gssemlly and converts it into yarn,

It hag glso been reported that both the gtate of arder of the
fibres at the end of the filwe duct as well as the yarn properties
are affected by the air flow conditiong and geometrical data at the
entry of the fibre duct vhich determirne the fibre trajectary (49) «

2:.8.3, Role of Rotar and &gﬂocia.mgﬂ
Each revolution of the rotwr ingerts about.one turn of twist

into fibre asgembly 2nd converts it into yarn, To congerve mass
flow, 1 inch of yarn hag to be removed for each t revolutiong of the
rotar, infact when 77 D inch of yern hag been removed, the peeling
point makes ore complete traverge of the collecting surface and 4 1
turn is gererated in this way (32)« This extra turn is of very -
little congequence as far as the yarn ig concerred, hut its presence
is vital becauge of a differential motion which ig set up in vhich
the rotor and the yrn tail rotate at slightly different speeds, In
congequence of thig, the yarn {ail is tapered, Fibreg can be laid
on anywhere arcund the circle formed by the tapered i2il and
occagionzlly gome will be laid across the tweak, Thege are refered
to as tridging fitwes, It has {0 be pointed out that fitres are not
in fact laid on an "open end" but are digiributed over a tapered tail
and which might be scme 8 inches long (32) « This produces some

mofound effects on the yarns structure.
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Removal of the yarn from the formation zone is likely to

remove the bridging fibrea, with both ends trailing. This

canges them to be asvembled into th® yarnm as hooked or folded
fibres, which seriously impairs their ability to carry much load.
This ig becaus® each limb of the folded fibre tends to act aa a
geparate ghort fibre. If we congider the tact that the
circumference of a normal rotor is only about 8 inches, tien tie
likelihood of a 1% inches fibre teing a briaging one is about 16%
snd this has been prooted by Smith and Lord {51). 1f the

bridging fibres alwaye recome atiached to the assembly at the entry
t0 the yarn rormation gzone, then all briosging tibres will be o the
mtside surface of the yarn, unless they move inwards due to $ibre
migration as the yurn 1s formed, The use of tracer fitres has shown
that folded fibreg appear more frequently in the outer lgyers of OB
rotor yams but that som® do exist well below the surface of the yam.
A crimpy, rough fibre with a high coefficient of friction being spun
in & low-gpeed, mall-diametsr drum is likely to lead to a higher
pércentage of folded fikreg than if the converge conditions apply.
Lord (32) has reported that tl® number of bridging fibres is less
than 1/ D x 100%, vhere 1 is the fibre staple length and D is the
rotor diameter. This demongtrates that there is a practical limit
to tlp staple length that cen ‘her spun in a given rotor, although,
this 1limit cannot be sharply defined without reference to the
tolerable limit ip the matter of fibre hooks formation., If it is
not acceptable to create more than W% of hocked fibres in the
spirning process, then I/D« h7 /100, Tims, from this point of
view, it is desirable to use large rotors or short fibres or both,
tut for such solutions each have their own diftic:lties in the

matiers of power consumption and yarn strength, respectively.
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2.8.3.1, Role_of Rotor Asgociated Parameters in the Mechgniog
of Yarn Formation

It has been reported that in order far high speeds to be

successful, changes are required at the open—end spiming machines.
Ore of the main changes ig to uge a rotor with a smaller digmeter
than the ocne used at low speeds (59 . The yarn tengion T at the

inlet to the doffing tube may be expressed ag T = N_ Sa-.rz
2.

where Nl = yarn count in tex S = rotor gpeed in r,p.m,

r = radivsg of rotar in mm, This equation showg that the spinning
tengion far stajle yarn formrtion depends on rotar agsociated

pareme ters as shoyn in the equation above, Another factor vhich

may be uged to determire spinnability is twisting efficiency,

Twist efficiency is defired as the ratio of meapured yern twist to
machine twist, It has dlso teen reported that twist efficiency is
about the same whether ore usges a small ar large rotar (52), tut

it decreages as rotor gpeed increages except in the cage far cotion
yarns, The populer fibre Blend of polyesbter/cotion and 1004 polyester
do not have high velues of twist efficiency even at low rotor gpeeds,
compare to cotbton, which suggests that these fibres and tlends are
gomevhet difficult to spin at high rotor speedss Although, twist
efficiency data may not correlate exactly with the spimability,

Wt it does give an idea that different fibres twist together at
varioug levelg, even vhen the mechanical ccenditions may be the same,

2,8.3.,2, [Effect of Rotor Speed on Yarn Properities

With increaging rotor gpeed the ingertion of false twigt
increages too, unlegs counter measures are taken by adapting the
rotor diameter anl the geometry and surfece of the draw-off tube (53).
This results in more frequent wrapper fibres and more twisting back
of the yern in the S genge at the draw off tube, causging the yarm
sheath to loogen up, This aliers the structure of the outer layers
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of the yorn, and consequenily the yarn properties, As memtioned
before, since by increasing rotor speed, the ingertion of false
trdst at the draw~off tube will algo lead to higher frictional
facces botween yarn and dray-off tube, the gurface of the latter
mist be reduced to obimin congtant falge twist ingeriion with rising
.:cotor agpeeds, Due to thig, the fomation of wrapper fibres and the
amount of yarn gheath loosening due to yarn tvist back will remain
constant even at increaging motor speeds (53)+ The strength of
coarser rotor yorns is influenced orly Insignificantly by the »otar
eeed in the range from 50,000 r.Pems, with rising rotor speeda there
is a slight drop in finer yarns. The yarn gtrength can be raised by
optimigation of the draw-off tube surfaces
Te elongation at break of OR rotor spun yorng decreases of
courge with riging rolor mpeed from 50,000 Y.p.h. ypile at the same
time, the mumber of neps and thick Hlaces (l.c. stripe acks
increages with the rotor speed, With nonwoptimized draw—-off tube
garface the fméueﬁoy.of wranpper 'fi'brea furng increascs, and the
yarn ig twisled back more at the draw-off fube, i.e, the yarn shegth
is lopgened mare, The increased yarn faul ts usually occuring b
higher gpeeds with optimized draw-off tube surfoce are ceused mainly
by the higher thread itensile forces, This tensile force can be
reduced by using a smaller rotor which will result in i‘ewer yarn
faults in the fine counts too, This effect of higher yﬂrﬁ faul‘tl;a
with high rotor gpeeds algo derends on whether a pergon 1g procegs=
ing long fibres (e.g. polyester) or gaort fibres (e.g. cotion) .
Yern feaults are mch lower for long fibres than gaort ones (53).
Thig may be exilgined by the better tying-in of the longer
(compared with cottay) fibres and the changed filwe—to-ILilre
friction coefficient, which offeryg more :msd.swnce. to pughing bagks

In addition the mroneness to girip back depends on the running
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direction of the yarn, The yarn ig more likely to sirip back vhen
it ig token off in the direction of gminming, i.e. afier cne rewind,
The sirip back mworeness of yerng spun with constant draw-off tube
surface increages with riging rotor greed owing to the more mumerous

weapper fibre turng and the greater loosening of the yarn sheath,

2¢8,3e3s Rotor Diameter amnd Sreed ag Ferformance Limit far
Spinning

The idea of increasing rotor gpeeds will automtically lead to
increage in gpminning tengion, vhich will ult imately ccuse excessive
endg~-doyn, The maximunm possilile speeds will depend on the rotor
digmeter ard on the yarn strength and its veriability (46 . There
ig also g limitation due to the difficul ¥y of handepiccing at
higher spiming ppeeds, anl the solution usually adopbed is to
decreage the rotor gpeed far piecing. It has also been ghown that
gnall rotars showld be cepalile of opereting economically at speeds
of up to 100,000 r,pems in coarse to medium linear dengity renges
if a cheap anl reliable method of supporting the rotor ghaft at
high gpeeds can be found, It has alsc teen found that there is a
limitation on the renge of twist and linear dansiti.f;s that can be
spun at different gpinning speeds (54) « The spiming limit of a
fitre material ghifts towards ccarser count with increasing rotar
speed (55) « One hag to put it in mind algo that the aittendability
of OF rotar machine will as well set ceriain limits to gpeed increage,
esrecially with coarse yarng, The rotar gpeed employed will aleo
depend whether cotton or man-made fibres are under processing.
Stalder (55) found out that a 25 tex yern from dry-spun acrylic
ghowed a very marked increage in end bregks at high rotor speed,

At 60,000 2,p.mw, he found out that the endg down per kg of yarn

were twice as high as at 45,000 ropeme In view of the rather fine
yarn count thig is quite understandable, He fowd with a loy-pill
tyve polyester that things were much mare critical, and it could be
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spm successfully at no more than 40,000 r.peme At 45,000 r,Dem,
the end btreaks were five times higher, and at 50,000 r.p.ms the
condition of enxd breaks was o bad, In this cage the end lreaks
were due to insufficient recistance of the fibres to the increaging
tarsion moments in the yarn, The torsion moment M in a piece of
yarn under an axial tengion P may bte determired ag M = cPre<,
vhere ©L = twigst foctor, r = yarn radiug and ¢ = congtent, Since
the axial tensgion P increases with rising rotar gpeed, the torsion
moment grows commensurately.
2,9, Iwigt Characterigtics in Rotar OE Spinning

The nature of twist in open~end spun yern is very complex and
it ip difficult to determine the amount of iwist in OE structure.
ASTH standardgs (56 stotes that it is difficult, if at all possille,
to determine twist by direct counting method in copen-end spun yarns,
tecause of their differential twist. It is also stated by AIM (57)
that the untwist-retwist method is not satisfactory for determining
the twist in open-end yarns, The presence of wrapper fibreg on the
structure of rotor cpen-end spun yarns comilicates the issue further,
™ist is imparted in a different manrer for rotor yarns than far
ring yarns, whereby, when uging ordinary methods of twist measuring,
appreciatle differences between normal twist aml actual twist of the
rotor yarn are found, Gererally, actual twigst is lower than noxrmal
twist (58 .« Kasparek reported that, for rotor yarns, filwes on the
yarn surface posseg different twist fram fibreg in the yarn core,
g0 that twisgt camnot be reversed, and, on untwisting the strend of
fibres, fibres are not untwisted in a regular manner and do not
gtay parallel to each other, go that the appreciation of me thods
baged on yarn untyisting for {twist measurement does not lead to

accurate results (59) .
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2,9,1, Mechanicg of Twipt Ingertion and Twist Efficiency in
Rotor. Spinning

There are many ¢perations inwlved in open-end spinning, the
. first of which involves a dragtic drafting to such an extent that
the fibreg travel either singly or in small groups. These groups
gre sufficiently separeted go that a tarque cammot be trengmitted
upgtrean and an opern~end ig created, The fibres or groups of filwes
are attached to the end porfion of yarh anl are twisted into the
gtructure continousdly, Thusg, there are the stages of drafting,
fibre trengpart, condengalion at the operrend, twist insertion,
and winding (31)'.' These are each geparate Ope.m{ﬁ.c;ns ccouring in
peries, h

If it ig asgumed that the drafting stoge ig rerfect and that
i‘i‘tn:és enter the spimming chambex of rotor in a well~separated and
oriented condition, Thege fibres are laid onto the oollecting
sucface of the rotar and gre held there by centrifugal force. It
i1g possille for the gurface gpeed to te gflightly higher than that
of the arriving fibre and this can lead to fibre straightening,
Concurrently with the laying=on mmocess, the cumulation of fibre
hag to be removed anl converted imbo yarn, Thig filwe aszenmbly
ig then peeled off the collecting surface and ig carried radially
inyards and then out along the rotor axig. Iach revolution of the
rotor ingerty about ome turn of twist into thig filwre assembly amd
convertg it into yarn., Has steted before, some fibres glir as they
leave the collecting surfoce, aml thig implies a twist loss because
the dlip allows the mdial yorn BI1 1o rolate about it oyn axis
relieve the forque generated by the twist. However, the core filweg
do ot glip much, and it ig assumed that there ig little or mo twlst
Llogs ihere, 1In congequence, there ig a differentisl structure in
vhich the helix angle of the outer fibres differg from that of the
core (32), Iue to this differcntial structure aml becanse of the
umsal fibre gtmein patlerns, it is difficult to meamure the twist

in the yarn,
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It has been reported that the nomingl amount of twist ingerted
into the yarn ig equal to the ratio of the spimning-chamber sieed to
the yern with-drawal speed (60) » However, becouse of the torgional
rigidity of the filwe in the unitwisted ribbon, there will e a
reaction to the turning moment and the process will not therefore
be 100)% efficient, To increage the lirear dengity of the yarn being
smun vithout changing the amount of itwist, the mmber of filresg in
the crogs-geciion of the ribbon mist be increased, aml this will
increase the reaction to the turning morent, It is therefore to be
expected that the twist efficiency will decrease with incxeasing
linear density (60), where the twist efficiency (T8 may te defined

by

e () = ) teist/uinit le 100
momingl twist t length

Similarly, if the twist is increased without change of linear
dengity, then the mmber of doublings within the chamber increases,
and tuigt efficiency will again fell, It hag been reported through
experimental work that, twist efficiency decreages with increaging
yarn lirear density from 0% 24 tex to T at 40 tex. Algo, by
increasing the rominal twist will lead to the fall of twist efficiency.
Te leossesg in twist from the nominal value are quite large and range
from about 10 to 305, dependent on twist level and yarn lineax
dengity, OWwviougly, in machine-getting, thege losseg must be taken
into congideration go that the desired twist level is achieved, and
this is particularly important in calculations of machine mroduction,
vhere exrrors of this order can make large differenceg in the analysia
of yarne-conversion costd,
2.9.2, 2 et of Twigt Rotar OE S

The twist in the fail of yarn ingide the rotor in open—-emd
spiming probahly differs from that of the yern being withdrawm
from the rotar (61). Many forms of doffing tube have teen
introduced to alier this difference, which may be assured i be of
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congiderable importance in determining the minimum twigt factor
" al vhich yarns can be gpun in roton-szu’.rming.'\l Cormack, Grogberg
and Ho (61) used a method hesed on sirotoscopic—flagh thotography
of the yarn t2il inside the mtor, a perspex cover to the rotar
ii::\_’. heing uged to meagure the tyigh inglde the robor. In this method,
?E the yarn tail can T brought vignally to a stands still by uaming
1 a Dawes strotoscope and mhotogmathed by siandard procedures. The
~mogt important thing is to highlipght the iwist go that it could

"~ e seen on the photograph for twlst analysis., The gane workerg
(61) xeported that, the twist level ingide the rotor was almost
always greater than the walue calowlated from _the rotar speed axd

. yorn—vithdrawal speed (this volue 1s called mechire twigl). It

“has also een reported thot michim twist and twist determined
pptically by obgerving tracer fitres in the core of the yarn are in
agrecwent, However, =mince the outlet tule acts an a f3lee twlster

increasing the value of the twist in the yarn tgil, it would there~

fore he expected that dfferent designs of wuilet tube wonld have

different fulge~twisting actiong hence different levela of twiast

| : H  ingide the rotar, A correction factor has to be applied to the

A .results of photographic {echnique mentiored aboyve, Thig correction
factor ip shoyn to W acourale by uming a pogitive false~twisiter ab

i}  the exit of the outlet fube. As a result of the use of this |

i fechrique, it hos been ghown that the wrist lovel ingide the rotm
is always greator than the machire tuist (61).

249.2.1, Twist in Open~End Yarng

The twists in open—end yarns are higher than thé twists in rmg
yorng as a regult of diffexrent giructureg. A single meagurement of
twigt is insufficient to typify open-end yarns because the twigh on
the fibres compriging the yarn core is different from those compriging

the outer sheath, and boi are ugually lower than the machine value (34) .
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The differences maoy be expressed in termg of a twist grodient which
ig a function of mchine desigm operating conditiong and fibee
charecteristicg, It hag algo been reported that. both the yern Wwist
anl count have an influence on the amount of twist gradient produced
as a regult of the differenceg, The giZe and gpeed of the rotar Hlay
a significant mrt. The criticel zone of twist insertion or
mopagation lieg in the rotor groove, at the point of transition
from twisted yorn to untisted fitwes (62) « To trensform the
untwisted fibres into a twisted yarn a torque is required - the so-
called twisting-in torque. Thig torque MA serves to overcome the
friction forces occuring during twist insertion teiween the fibres
and between these and the rotor wall, Thege frictionagl forces are
function of rotor diameter among other things, the bigger the rotar
diameter the higher these frictional forces, which are due largely
to the cenmtrifugrl force, It therefore follows that, if twist
ingertion is to be agsured, the torque aveilable in the yarn must be
equal to or greagter thdn thatrequired for twist insertion (62) .

Ag mentioned above, the trigt-in torque MA is a function of the
rotor diame ter and this torque depends mainly on the indirect
influence of the centrifugal farce, it hag an gpproaximately linear
carrelation wvith the rotor diameter, thile the torque aveilable in
the yarn also depends on the rotor radius, through the yarm tension,
However, the correlation between the axial tengion and the rotor
digmeter ig very complicated, The worker reported that with bigger
rotors it may be expected that less yarn iwist can be used than with
gmall rotors, As regerd to the optimal yarn twist, it should be
enthagized that in practice the yorn twist is fixed not only by
reagon of the ruming tehaviour, yarn quality, the strength in
particular, ilays a pert and the type of yerns (naturel or man-ade

fibre yarng aleo Hlays a part. Man=made fibre yorns usually
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Jg'ea.c’l: very differemtly to any alteration of ﬁrist. Stalder (62),
reparted that cotion yarns attain their maximum strength only at a
relatively high twist, whereas the minimum twist necesssry for the
spiming coperation ig much lower, Hence in cotion gpinning the
twist is often selected more on account of strength than for optimal
running behaviour, For mn-nide it is usuwally the reverse, the yarn
twist giving optimzl gtrength is lower than the minimm needed for
spinning. Man-vede {ibre yarng ocught to be twisted as soft as
pogsailbile, i.0. a5 soft as the spinning operation will permit. The
@me worker reported that the yarn twist and unevenness are
practically uraffected by the twlst level, The gpirmming of man—~
made fibres with langer dismeier rotars is reported tc e a very
attractive propogition. Fractically, bigger rotors emalile yarns
to be spun with much lower twist factars, thus permifting
substantially higher produotion speeds. Secondly, the yarn quality
achieved with bigger rotars iz virtually equivaient to that from
gnaller ones, Thirdly, the softer handle of the finished product
ag a result of low twist ig a hig advantage in man:,r cages, Since
with the same tuist the hig roiar turns out sanewhat lower quality
than the small ome, it follows that mogt cotion yarns are best -
gpun with rotarg of A45m diameter. Apart fran the production of
goft {wisted man~mde filre yarng by the uge of bigeger rotors,
there are other arefs where bigger rotara offer advantages. These
include the gpinning of filres ¥ or &mm long, Fihres of Fmm
require a 55 or 65mm rotar, while &mm fibres czn be spun
reasoratly only with a 65m rotar, MTe bigger rotoars are also
used in the memfacture of ccarser counts, e.,g. 100tex fer both
cotton and man-made fibres. Although, sliver comb-out on the
opening roller deteriorates with coarser count owing to the |
higher material throughout. Thig implies mare resiztance 1o

twlsting=in, and consequently higher minimum {wist for spinning,
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20942,2, Measuremcrnt of Twist in Open=End Yarng

It should be rememiered that mogt methods of twist meamure—
mnt involve gn untwisting phase, The opticol method (58) of
meamuring twigt angle as an apropriate technigue has en guggested,
Though, it is non-indugirial one, digcarding simple untwigbing, and
as a proectical method, it has been suggesied {hat g method based on
the indirect untwisting courled to a tengioning device, degcribed in
a Ozech stamlard be used (63), operating on 250mm test length. The
method glves unreliable results. Owing to the difficulties in twisat
measurement, it ig becoming the practice with openwend yarns to
guote the machire tulst caleulated from the relevont tulst gesr and
mechine congtent, Here, fibres siippage whicl.:l takes place at the
yorn formetion point within the rotor i belng lgnaed, This
glivpage emltlen the differential twigt pettern to ccenr and is
likely to causc the machime twist to be greatern than the actual
mean twist (34« Twist is normally used implicitly to describe
various attributes vhich have not always recognized for whatf they
are, A certain amount of twigt level implies certain degree of
haiviregs, covering power (diameter), hand, twist liveliness
(toraue) , tending mtiffmgas, eics (34 . Ornce the structure of the
yorn ig changed, the meaning of o given level of twist in ermg of
any of the implied attribules changes., BHach of the wvarlous systens
of twist measurement ig likely to be associated more with cextain
gttritutes than Oﬁqers; A typical examile, ig in the méa.mremenf
of the gurface twigt which might be 3 more dependalle meamure of
hand and appearance than ore that meagures the mean twisgt level,.

The following methods of twish measur.ement have been reported
(34) s (2} Rockbank (64) , (b) wbwistfreverse twlst (65, (c)
Toraionzl equilibrun (66) and (d) machire value deslgmation omly,
The e thod (a) utilizes o Llow power microgcore for the observation

of the surface fibres, In thig method, Lwisgt ig removed until the
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mrfoce fibres become parallel to the axig of the yarn and the
twist removed is noted, This method only gives information aboud
the goxrface twigt and not about the inlernzl., However, it is
mroballe thet it glves some indication of the tactile and vismal
chgracter of the ym It iz algo likely to give the low extreme
of the varioug gorts of meagurement because the fibres glippage is
mrobalily mogt on the surface of the yard, The machine value mey
likely give ar indication of the twist in e yorn core anl ip thug
likely 1o give the other exireme, 7The difficulty with the Rockbank
method used with OE yarng 1s thati an accuracy is likely o suffex
becauge of the disorder in the wrapper filwes G |

The uniwist/reverse iwist method works through the .medium of
twist contraction, here sufficient reverse twilst is ingerted to
restore the origiral length under a stated tension, aml it ia
asgume d that ore half the algehredc difference in twist ie the .
amount originally contaimed in the saumle. A3 was mentioned hefore,
there ig o danger of fibwe slippage and {here is alge a probahility
that the reversed twist contraction rate differs from the unitwigt
axtengion rate (66}, particularly with OB yerng. Thig is the methad
comonly used in induptry aml that is why it is included heves

The torsioral equilibrum was specially desmigned to avoid the
defect of gitructural changeg during testing, In fact, the ideg
dinvolveg the use of a short gample length and i;o meagure the rmumber
of turns removed to give torglongl equilibrum, The method was thought
1ikely %0 give a velue which conld be related o the torsiongl
oharacteristics of the y'a.m. The method inwlves a rodalie drum
vhich ig attached to the yarn at a distarce gbajple length, 4t this
Juncture, the drum would ‘then be releaged and allowed to find ibg
toralonal equilibrum poin'l‘;"- Phe drum contaired coded holes which
gllowed irtermittent pulses of light to te trensmitted to a tansducer.
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The electrical coded pulse cutpui of the transducer is then fed
t0 a counter sysiem which uses the coding {0 penge direction as
well as the magrmitude of the angular motion (66) » Thus, the
system could tolerate oscillation of the drum amd still read out
the ret mumber of turns to equilibrium, The device is s0 designed
to permit rapid testing because the use of such a shart gauge
length recegsitated mmerous tests to overcame the length-—wise
variationg irherent in textile yarmy
2942434 ect of Machine Propertie
As with other ppinning systems, the relation teilween the gmount

of twist in an open-end gpun yarn arnd the yarn temacity is important.
Tt hag been reporied by Dyson (60) that the twisb~tenacity relations
for both the open-end amd ring=—gpun jarns are very mimilar tut that
the open-end gpun yerng have temaeities of the order of 30% lower.
It hag to be barned in mind that, the operend gpun yarng were sgpun
with a combing rdller which tends 10 reduce the yarn tenmacity, The
game worker reported that im the spimming of vincel fitwes, i%
aPpears that the optimum yarn teracity occurs for twist factars
below 25, Mit, in commercial production, the actual spinning
twist foctor mst b such ag o0 give an acceptalle end~breakage
rate.

Marikawa and Barella (67) reported that the strength of
conventional spun yarng is at maximum at twist factor belween
150 and 160, the average value teing 155, while foxr open~end gpun
yarng, however, the wigt factor for maximum breaking strength
ranged from 173 1o 181, the average value teing 176, These
valueg are gimilar to thoge found by some workerg (66), Thig
effect algo depends on the fibwe characteristiocs (67) « A high
twist miltiple in OF spinuings is respongilile for pralucing many
of the unfavourable aspects of the yarn such as decreased production, ?
wa hard to the fabrics, difficulties due to gmariing, poor cover,
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eto, (39 Therefare, attertion has to o directed towards find-
ing ways to te able to veduce it without loss in strength. In
openr—end rotor spimning, optimumm yarn temecity oocurs at a higher
ist miltidle than normal aml this ig because of the siructural
di fferences in 0F yarns,
249e2¢4o Yaxn Tension in OF Spinning

It hag been reporied that the pﬁnoipal. force on the yarn

tail is centrifugel anl that the 1ail ig therefore effectively
radial, except very cloge to the periphery of the gpinning chamber (60) .
It hag been confimed by ddrect observation, by mweans of photography,
that the yarn tail doeg, in preciice adopt this configuration in the
B 200 rotor machine, Dyson (60) reported that the tension gerexrated
in the yarn inside the chamber at 250 Tp.tis is 5.8 mV/tex, wich is
‘Clearly congiderally less than the yarn temaciiy. A9 the yarn ig
removed from the spming chamber, it passes through two changea of
direction, each of almogt a right angle, and it ig the emergent
tengon that migt be less than yarn temrcity in order that the
aystenm may spin. Although, on same open~end gpinning machineg now
being offered ¢ommercially, the path of the emergent yarn 1s such as
t avold twe right-angle changed in direction which may probably
recditce the tension on the spinning yern that leads to end~breskages.
Kirschrer (43 compsred OF anl ring gpinning gystems in terms
of tengion and ghowed OB machine to have favourelble yarn tension
rrene ters, He memtioned that, & productlion-limiting yarn tengion
range is reached at muich higher speeds than in the ring splmming
mrocess, He supported thie by giving 2 value that the latter
reaches guch a limit at 15-20 thousand ¥'J'B.m., while the openmend
procegg can realise speeds at 60=70 thousand ¥ip.m;ly although here
the protlem of tegimning the yarn remaing o te golved, The average
yarn tengiong meagured and quoted by the worker in this context ranged

up to 200 grammeg, This spiming systen therefore permits mich higher
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average tensions than the ring spinning process. Thip may be
attributed to the smoother movement of the yarn gpirel in
comparison with the yarn balloon,
23925+ Theorctical Considexetion of Yarn Tengion

It hag been ghown thet (52) yern tenglon T at the inlet to the

doffing tube may be expressed asg follows:

T = N, 5%,10° 4 o, whare N ig the yarn count in tex, S is the rotar
2

gpeed in r.pem,, r is the radius of rotor and ¢ ig the yarn tension
at the rotor wall in grammeg, Fram the aboved equation one may see
that for a glven rotar digmeters TA™s 5% ghex, The torque
available in the yarn among other things also depends on the rotar
rading, through the yarn tengion, However the correlation between

the axial tengion and the rotar diameter is very complicated, windage

ag well asg centrifugel forces teing invdlved (63, stalder (62)
reported that the influence of the centifugnl forces on yarn tengion
is lirear, while the influence of windage forces on yarn tengion is
proportional to the third power of the rotor mdius.

2.9.3. Jutoneiion in OF Splrning
The mogt telling argument in favour of automatic devicesg usged

to replace mamal operationg in the textile procegs is that of
avoiding human interference in the quality of the product. Often
the action of autamatic device ig no more rapid than a mamal
operation, tut if properly maintained the automatic equiiment will
ensure the minimm gtopped time of the producing machine and
congistent quality of the product, OCreeling, doffing, piecing axd
rotor cleaning may be carried out while the machine is running,
therefore autamatic devices will improve the machine productivity
by a sigrmificani degree,

If end break rates and yarn quality remained acceptialle at

rotor speeds exceeding about 70,000 r,pem,’, autamatic machirery
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would prove recegsary in order to give gatigfactory and consistent
yarn piecings., The cage far an automatic plecing device ig there-
fore tased on congideration of cost, labour availability and piecing
quelity (59 « At this point it should e dismissed immediately any
view that the uge of an avtometic piecing device will permit higher
end break retes and higher processing speeds because: (g yarn
plecings are ot degiralile and should be kept to a sengihle minimum,
and (b end break rateg are non=linear with speed, that ig small
increment in gpeed results in a dismorortionately high end reak
rate, Today, antomatic plecing amd cleaning dewices are reality

in open~end gpimning field of textile indusiries,

The current machires are so designed that both the creel and
doffing operationg are carried ocut without the need to stop the
machine, A winding tail is farmed on the rew package and therefore
the cost elements associated with doffing are: (@ operatars time,
(b) the cost of the small amount of material mun to waste, The
latter is compleiely negligilile, A large proportion of the opere toxy's
time ig taken up with doffing particularly when processing coarse '
counts and doffing alds which reduce the operatas's time ar effort,
swh as conveyor belts, will assume greater importance, If fully
automatic doffing and donning ig required, it will be esséntial o
retain the automatic {ailing facility, which will add to the
comilexity ard cogt of the device, mto-doffing for open-end gpirnming

machine are now becoming part of the machire gpecificationy
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CHAPTER 3
3.1, SPI HARAC TR OF OPEN-.END ¢RICITON-S
3.2, EREP ON OF Y ACKAGES

it The yam packages spun include the tine range of comts fram
20 tex to 24.5 tex, These counts were chogen to forecast or
determine with certainty th® limitation of the new spinning gysiem
which has not been employed commerclally not only because of the
poor properties of the yarns obtained fram th? gystem bat also
becauge the gpinning system is very camplex., Twenty difterent

spinning packages were gpun under difierent gpinning conditions,

3.2.1. Materiglg ond Soinping of the Yam Packegeg

% Por epinnine, 100% polyester fibrea snd 100% cotton fibres
were used, while the tracer fitre used for twist investigatim was
viscose rayan dyed bleck and obtained fram France, The particulars
of polyester, cotton and tracer fibres used aqre shown in Appendix I,
The golvent uged to igolate polyester fibresg for twist investigatim
wag me thylsalicylate while the one uged to igolate cotton fibres
was ethylaalicylate. A4ll the yarns wers spun with one percent
tracer fibres at a speed of 160m/minute, The spinning gpeed could
be ag high as 450m/minute as mentioned betore and this the major
advan tag® and technologicelly break through in spinning. Just as
with open-end rotor spinning,already formed yam was introduced
into the spimnning zone and this formed a tapared tail unto which
separated and parallel fibres were fed continuously. The comnts
spun were obiained by adjustments to the sction system and
spinning preasure used since there is no difect method available
yet for gpinning different counts as found with conventionasl
spinning gystema, Hence, gsome counts were obtained by backsuctiom
md gome without badisuction under different spinning pressures.

Due to thig, reproducibility of product in open-end friction-

gpinning is extremely poor. For this research work, the feeding

B

I

T
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ne o thlg, reproducibility of product in open-enﬁ friction-~
spinning is extremely poor, Far this research work, the feeding
of the sliver is perpendioulax to the aplrning zones The grdming
messures used are 1219.2m, 1320,8mm, 1422.4m, 1498.6mn and
066,68 water gauges Rtier understanding of the mechanics of
openmend fricitlon~spinning ig reeded for full implenentation of
the systen,
3434 Tyist Charocterigtics Invegtigpiion

The measurement of twist and twick I;ela.ted pareme ierg in

6pen—end friction~gpun jarns are very diffiault because of the
complexity of the ghructure and algo dne to the pregence of
warper fibreg on the gurface of the yorn, The methods uged o
imegtigate twist characteristics in conventional yerng cannot be
uged for thig type of yrng siructure, if not errorecus results
will be givens Due to the reasons mentiored above, a rew methadl
entirely wos developed for thig, Thig ig opiical-micaroscopio

me thod, |

3,3.1, Optical-ficrogeopic Method of Twist Investisstion
The twist s—"'h_‘ in a @rn can e expressed in termg of the twiat
angle ;&; ag: o ' '
_ o ¢ - e
T D

vhere D 1s the yarn dlameier. If the twlst angle is measured along
with correspnding diameter of the yaxrn with the help of optioal
microsoope, the absolute yurn twist may easily be colcoulated withoud
actualijuntwisting the yarr, Thug, the principle is used o meagure
the abgdlute twist in the core of open-end friction-spun yarns uging
the procedure described lotexy

Apparotug and mtgrlalgf The matericals amd gpparatus used far

thig invegtgation ineclude xﬁicﬁ:oacope, camera, video, delevision,
methyl salicylate, ethylsalicylate, cotton yarng and polyester yurng
apuny!
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The long-stem camera was sed over the oxdinary microscope
and the cameraias then conrected to a video through cameraw-yidec
oable and the video comecied 0 the felevigion through videow
television oztle, Both the camexra, microgzcope, {elevision and the
video were put ons At thig stage, adjustments were made with gl
fhe apraratus untdl a cleax focks was oblaired on fthe delevisim
soveerny |

Procedures Each yarn gample was suitably mounted on glass
microglide by wrapping at paxallel and length-wise. The yrn ends
were fixed at the &ide ends with the help of a quick drying
adhesive, The yarn wraps at coe gide of the dlides were out and
removed with the help of a wrazur blade., Far optical isdatim af
tracer fibres in cotton yarng, a fow dropg of ethylealisylate
golvent were gpread evenly on thege J&l::ea.ds with the help of a
cover glass almost the mize of the dlideas While for polyester
yerng, ethylsalicylate sclvent wae wsed for opfical igdation
of tracer fitres in its structuxe 2z descxiled for cotton yarng
above, These glides were mounted on an opiical microgeope having
the provisgions of a microme ter scale in the eye-plece for measuring
the yarn diameter after the gstructure has been NAly focused on the
televigion gereen, while a protractor greduated in degrees wag used
to meagure the angle of twist of the focused tracer fibres on the
television soreen, |

The investigation was carxried out with a megnification of XI5
for the optical camera and a magnification of X10 for the miarostope
uged having & total of Xi50 megnification employed, Since it wag
the angle of wist 48y of the tracer fibres in the .coie of the yarns
that was meagured with regspeat to the yarn axig, the diameter
coxregponding to inflexiong of the {wmcer filre on the surface of
the core in each cage wap observed on the microgoale and wma

sorrected for magnification to provide the values in metre, On tpe
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average, five glides with 8 = 10 yarns on each were prepared faw
each of the yarn gamiles to meagure the iwist by the opiical method
using the relationﬁliﬁ ' : “

T b
All the parameters here have been degoribed abovel)

.3,

From the ﬁren-by yorn packages spu.n oniy elght of them were
uged for thig twist investigation, o cotton yarn packages and
gix pdlyester yarn pickagese Since the sMnning gystem is worst
for cotlon yorns and a bit fair for polye aﬁar yamg in {termg of
tenacity, that is why only o pacleges were selectrd from cottam
yarn packeges for tWwist Investigation in order to save time am
materials, Ome hundred samples were taken and tegiled fox each of
the packages, The values of tan _.9&;' were glven both in degneen
and in nmericl velues for better understanding, while the
values of iwigh were also quoted in both tupimm and tepee foar
quick gragping, The packiges uged for ihe Luvegtisgiion were
A, 1772, 1741, 1712, 171 A3, 171/14, 175 and 1746, the firgt
two packages were cotton packages while the remgining are pdlyesier
raclkaces, All the odd mmber packages were spun with backsuction
while the even mmber packiges were gpun without backsuction and
glge gpun under different pressures.

The iwist charecteristics resul ty are ghoyn in Talles 3.1
for cotton yarng and each value in the {able ig a man value of ab
least fifteen obmervaiion regulte from the ome hundred xesults
obtaimed for each yorn package while the overall mean valueg are
also guoted, The twist chamoleristisg reaults for the polyesiexr
yarns are sghoyn in Tablle 3.6 vwhile the imegligation and the method

of analysin are the pame with that of cotion yerns mentioned above,
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Paclages Mean  Mean Memn Mean Twrng/ Mean Turns/
Twist IMNuerical dimeter Milimetre  Metre
Mmgle Values of

(Tang) ~ Tan ©

17/ back- 21,17  0,3897  0.2219 0.6321 6321

guc tioned;

1219, 2mm 20,23 03705  0.2086 0.5812 581,12

Watler gauge :

pre goure 19.05 0,3463  0,1744 0,6459 645.9
18,70 0,330  0,1446 0,7570 75140
15094 0.2724 001866 005)29 502.9
19.53  0,3605  0,2052 045600 560,0

Overall

Mean 190” ) Oo'3464 001332 006132 615.2

;Z/i; Not 18,94 043467 0,019 0, 5421 54241

c : _

suctioneds 21,68 0,4046  0,2078 0,6293 629, 3

1219.2 nm i

water gamge 22,68 0.4217 O, 2387 0,5812 561,2

megsure, .
17.94 0.3253 0,2062 0,5082 508,2
17,00 0,08  0,16P 0,5460 5460

. 1 0¢7 0. 0 00 1 L]
— 21 1 3249 207 &7 607.1
}?2811 19096 : 0036&) 0,2048 0.5593 56900

Talile 3.1, Cotton yern packnges twist characteristios.
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Tylgt Peremeterg Analygig of Cotlon Yarng
Package 1

ameter Mean Mumerical Samile Size Coefficient of

(xm) Values of (n Variation of
Tan © Tan® (%)
0.4466 042493 1 0
043666 043445 1 0
0.3333 0.4418 3 26,68
0, 300 0,364 1 0
0,280 043755 2 26,26
0,2666 0. 3839 1 0
0,2600 043839 1 0
0.2533 043698 4 16445
042400 044259 2 D54
0, 2333 043923 8 13.74
042266 0.7002 1 0
04220 043941 3 3478
0.2133 0.4452 1 0
0. 2066 041944 1 0
04200 043105 1 1522
0.1933 0.3866 8 25434
041666 03217 4 26,84
01733 0. 257 1 0
0.1666 043331 8 779
0,160 0. 5124 7 2113
041535 0.3%05 5 21,99
0., 1466 Ou211 7 19433
041400 02906 6 19.63
0,1333 063353 8 15.D
0,1266 042906 6 19.81
0,120 0.2595 2 509
0.1133 0,1763 1 0

e P twist parameters



Package 17/2
zcngmtex Hean Numerioal Sam;é]; gize g:eggdéezés of Wariatin
043266 043640 1 0
0.5133 0.5543 1 0
0,2953 044805 3 34,92
0.2733 045543 2 0
042666 0.50 P 4 .53
02600 0.4537 3 17.28
0,2533 044549 6 3150
042466 0, 3839 1 0
0,240 0.5396 3 4e32
0,2333 0,3832 0 2755
0,2266 0.22 4 25.38
042200 03254 2 16,76
0.2133 0.3954 5 28,45
0. D66 0, 3660 ’ Dedd
0,00 044929 1 22,78
0.1933 0,339 4 24,28
041866 0,3266 4 21.66
0,180 0,2679 1 0
0,1666 0.2064 9 17.69
0, 1600 0.3249 2 0
041533 042497 2 DB
041466 042794 6 3451
Ua1400 0.2541 4 X.42
0,133 042755 5 29,8
0. 1266 0,340 1 0
- 1 0

0,120 0.24H4

Table 3,3, Package 17/2 twist parameters.
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.7 F r plameter and Twigt Relationghips of Cothbon Yarng

ackaoe 17/1

Diameter Mean Numerical Diameter Mean Muerical |

() Vaiuies of fan {xm) Values of Tan ©
04466 0.2493 . 0.2066 0.1944
0.3666 0.3443 0.2000 - 0.3676
043333 0.4418 0,1953 043866
043000 0.3640 0,1866 . 0.3217
0.2800 0.3755 0.1733 043057
0.2666 0.3839 0.1666 0,333l
0. 2600 0,3838 ‘ 00,1600 0.5724
0.,2533 . 0.3698 . 0.1533 043105
0,2400 044259 0,1466 | 0.3011
042333 0.3923 0,1400 042906
02266 0, 7000 | 0,1333 0,333
042200 043941 041266 . 0.2906
0.2133 0,452 0,1200 | 0.2586

0,1133 : 041763

Table 3.4. Package 17/1 diameter and twist relationships.

The relationships are ghown graphically in Figs 3.1 The grath
and the gtraight line equation values are given by a computer
uging the above data, The lefter r btegideg the gtraight line

equation is 1inear correlation mefficient,
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Package 17/2

Diameter Mean MNumerical Diametexr ¥aan Numerieal

() Values of T'm © (=) Vilues of Ten 8
0 .3266 0,3640 0.2066 0, 3660
0,5133 0,5543 0,2000 0,4029
0.2933 0,485 041933 03809
0,2733 . 0,5543 0.1866 0,320
0, 2666 | 0,5010 0.180C 042679
0,2600 04 4537 0.1666 0, 3064
0,2533 - 0,4549 0.1600 C.3249
0. 2466 0.3839 0.1533 0, 2487
042400 0,5096 0, 1466 0. 2794
0,2333 0,3832 0.1400 0.2541
0,2266 0,3022 0,153 0.2%5
042200 0.3254 0.1266 043640
0.2133 043954 0,1200 0.2493

Table 3.5, Package 17/2 diameter and twist relationships,

The realationships are shown graphically in Fig, 3.1.
The grath amxi the straight lime equation values are given

by a computer using the above datae
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Package 17/1 E}Zﬁ.ckauctioned) 0,275 + 0,2926; r=0,2281
Package 17/2

Not backsuctioned) : y=1,278 + 0,1026; »=0,7831

L N [ ]

7 7 T ¥ T
0,05 0,10 0,15 0,20 0,25 030 0.35 0.0 0.45
Yarn diame ter (nr.n)

Fig. 3.1. Tangent of twist angle/yarn diametex,
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3e4s Twigt Characterigticg Results of Yolyegber Yarng

The twist cheracteristics repultig of the polyester yarng

invegtigated are ghown in Table 3.6 below and each velue in the
table ig a mean value of at leapt fifteent observaldon results
from the ome hundred regults obtained for each ymrn package

while the overall mean valueg are algo quoted,

3adela
Mean Mean Mean Mean Meant
Packages =~ Twist HNumeriesl Diameter Turng/ Turng/
-7 agle of Tan® (m Milimetre Metre
Tan © _ L : _
1T /11 26. 41 0.5048  0.1992 00,1992 822.3
Backguctioned
1219, 20 25435 0,4830 042474  0,6497 64947
waler gaige .
e sgure. 30,88 0,6239 0,2149  0,9208 92,8

26,94 0,501  0,1867  0,8924 892, 4

26, 47 0,522  0,1835  0.9256 92506

N 32473 0.6444 0,1888  1,1273 112743
Oversll Mean 28,13 0.5464 0,2034  0,8696 889.6

17/12s Not 27.94  0.5547  0,2266  0,7892 789, 2
backguctloned
1219, 2m 31,88 006458 042419 0,6557 5.7
waler gauge .
e gune, 24,41 0,4588  0,22T4  0,6606 660,6

23,05 04315  0,1701 0,87 8710

T LpE SET SIm IR

Overa.li mean 0.53589 0.2179 0,8163 816, 3
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Mean Mean Mean Mean Mean

Packages Twisb MNuerical Diameter Turna/ Tums/
Angle of Tan & (m) Milimetre Metre
Tan €

17/13: 23.82  0,4498 0,1631 0.8886 888,6

Bagksuctioned ;

1320 ,68m 250 044905 0,1619 0.8931 89541

waler gauge

e gsure, 24,94 044697 041545 1.0832  1083,2
24.0 044855 0,1509 1,0325 1032,5
23,94 0.4520 041357 049341 9340 1
22,40  0,4147 0,1658 1,0619 1061.9

Overall Mean 24425 0, 4603 041566 0.,9822 98242

17/14: Not 264 41 0,5021 041996 08241 8241

backguctionedg

1320, 8m 26,47  0.4772 0,1956 0,823 82343

water gauge '

e gaure, 24429  0,4555 0.2141 0,6887 688,7
23,70 04 4417 0,1513 0,9861 986,1
23e29 044359 042211 0,6475 6475
24,06  0.4479 0,1733 0,8532 853.2

Overall Mean 24,70  0,4600 0,1925 0,8038 83,8




i

Mean Mean Mean Mean Mean
Package s Twist Numerical Diamter Turns/ Tums/

mgle of Tan ®  (m) Mili-  Metre
Tan € me tre

17/152 23.88  0.4471 001847 0,7813 78143

Backsuctioned

1422, 4m 22,52 0, 4170 00,1709 0,7823 T82,3

waler gauge

[0 gaure, 21,29 0,3913 0,1639 0.7724 T72.4
23,11 Ce4358 041905 0,750  753.0
22,35 Uag133 01745 0,7862 786,2
19' m Oo 3642 0 .1?06 0. 6793 6790 3

Overall Mean 22,15 0.4114 0.1758 0,750 7590

17/163 Not 19,52 043614 0., 1741 0,6653 665,3

bapksuc tioned ; )

1422 4 4mm 21,25 043924 0,1968 0,6383 638,53

waler gaige

pre gsure, 23,29  0,4367 0,043 0.,6875 687.5
21,17 03977 0.1957 0,663  663,0
.41 0.3787 041956 0,6418 641,8
24,06 04 4557 0,1902 0,7806 780,6

Overall Mean 21,61 044037 00,1927 0,6794 679.4

Table 3.6 Polyegter yarn packages twist chamcteristica,
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. Twisgt Parameters Analysig of Tolyegbcr Yarng

Package 11(:]]
Digmeter Moan Mumerical Sample Size Coefficient of Varlabion
(mm) Values of Tan © ¢ of Tan & ()

0.3800 - 0,369 1 0
0300 ' 00,4245 1 .9
043133 0,8693 1 0
0, 300 0, 3839 1 0
04,2933 0.5492 2 31.38
0, 2667 . 0.8759 3 64,52
042800 0. 3443 1 0
0.2733 045719 3 15.64
0.2667 = 0,5116 3 17.24
0. 2600 0.5774 1 0
042533 07173 2 18,22
0.2467 00,6728 2 41062
0,200 0,550 5 3201
0.2333 0,7963 2 758
0,226 . 0.6%05 2 P79
0,200 0.4348 2 - A%
0,2133 0,551 5 23,
0,067 . 0,5564 9 L 3ae1R
0,000 0,5471 1 23,26
0,1933 0,7265 1 0
0,867 0,5792 6 15407
0900 - 0,4829 5 22,92
0, 1733 ~ 0,5668 5 27413
0,677 0.0 1 0
0,166 0,438 é 1305
04,1600 04490 é 24,05
0, 1533 0.4962 4 D465
0 U467 0,442 5 2419
0,100 0,537 2 e
041333 0.5815 3 D73
0,1267 0,364 1 T e
0,120 03443 1 0
0,1067 0. 4877 1 e

Table 3.7. Package 17/11 twist parameters.



13

Raplage 17/12
Diareter Mean Numerical Sample Size Coefficient of Variation
() Velues of Tan @ (n) of Tan & (1)
0.3933 043991 1 0
0, 3667 0,7813 1 0
043333 0,6745 1 0
043267 0,609 1 0
0.3133 05706 4 21,59
04 300 0,709 3 38, 26
042933 0, 3640 1 0
0,2867 04,9004 1 Q
042800 045461 3 28,
0,2733 0,6293 3 19.48
042667 053087 4 29.59
0, 2600 0.7573 3 82, 51
0, 2467 04 3640 2 0
0,240 0.,6116 4 2477
042333 0,5896 T D92
042267 045245 3 6. 44
04220 0,5226 3 2197
0,2133 045241 5 12,38
0,267 0.5479 0 32,88
000 05471 2 22,24
0,1933 0,551 4 18,69
0,1867 044521 4 16,94
0,180 045269 4 45,62
0,1733 0.4877 1 0
041667 0,095 1 Q
0, 1600 0,504 2 25.®
041467 0,4806 2 28, 46
0, 1400 0, 3565 ) 12,59
0.1333 0. 4452 1 0
0.1267 0364 1 0
041200 043155 2 12,90
0,1133 0,2867 1 0
040933 042493 1 0
0 L0867 0,2679 1 0
1 0

0,080 0.50%

Talle 3.8, Package 17/12 twist parameters.
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Baplege 17/10
Digmeter Mean Numerical  Sample Size Coefficient of Variation
) Values of Tan @ (0 of Tan & (%)
0.3333 0.7002 1 0
0, 3000 0,8391 1 0
0,2933 0.5774 1 0
0,2867 0,8393 1 0
042667 0,61® 2 24,82
042400 0,893 1 (0]
042333 044551 2 23, 3%
0,2267 0,5219 2 1504
0,200 0,2867 1 0
042133 0,3839 1 0
0.2067 0,5138 4 23,04
0200 00,6913 5 66,29
041933 045145 2 DA
0,1867 045331 6 11.91
041800 0. 4778 2 27.T7
041733 00,5198 4 23,93
0,1667 0.50%5 1 0
041666 0,3609 5 16,63
0, 1600 0. 4479 2 26,46
0.1533 043056 2 8,83
0,1467 044444 3 23
0.7400 044296 8 D, 86
0.1333 0097 4 11,06
041267 044321 7 1T.11
0,120 043595 8 11,91
01133 043721 4 ».18
0,087 04 3670 3 32,48
0, 1000 05153 2 72,99
04933 0,326 T 20,27
0.0 867 0.39% 4 11436
040800 044458 2 13426

Talle 3.9, Package 17/13 twist parameters,
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Papkage 11/14
Dameter Mean Mumerical Samile Size Coefficient of Variation
Valnes of Tem © (rﬂ of Tan € (%)
0,3267 0,555 3 o2
0,2933 0,002 1 0
0,2867 0,6009 1 0
042866 044877 1 5}
02600 0.5526 5 16,53
0,2533 045552 2 11,58
042467 0o 4742 6 33436
042400 0,389 2 T34
042333 044896 4 16,16
0,2267 04459 5 D W55
0, 2200 043443 1 0
0.2133 04770 2 316
0. D6T 045145 2 D%
042000 0, 4891 4 %11
0,1933 04406 10 21,12
0, 1867 044261 11 16,71
0,1800 045319 4 25.81
0,1733 0. 097 2 6.0
0.1667 0350 1 0
041600 0, 4626 10 21,14
0,1533 0'e 8% T 28,01
041467 044389 3 11.67
0.1333 043931 3 21,70
0.1267 042867 1 0
01200 04364 1 0
0,1133 0,4252 3 12,94
0'4000 0. 3249 1 0
040933 Y ¥ 1 0
04,0867 0.3641 2 To69
0,0667 03443 1 0

Tahle 3,10, Package 17/14 twist parameters.



76

Package 17/15
Diameter Mean Numerical Sample Size Coefficient of Variation
Values of Tan © (n) of Tan & ()
0.3333 0.4452 1 0
0, 2867 047536 1 0
02733 1,000 1 0
0, 2667 0.5009 2 21,58
0,260 0.5663 1 0
042467 044663 1 0
04240 065113 2 18,27
042333 0,486 2 28, 46
0,2267 0.4459 2 13.25
06220 0.4616 4 6,91
0.,2133 0.5274 3 D42
04067 044963 3 .31
0'42000 044454 T 22.T4
0,1933 044555 5 1721
0,1867 043739 2 3.4
041800 0.4104 4 1749
0,1733 043739 2 3.74
041667 04027 1 21,50
0, 1600 0.3500 9 DeH
0,153 0.3762 1 12,09
0,467 043905 3 TT2
041400 0.1 6 13,09
041333 043398 4 P74
041267 0.3381 6 10,06
0,1200 0, 3640 4 4442
01133 0, 3839 1 0
01000 042867 1 0
0.0933 0,239 1 0
Table 3,11, Package 17/15 twist parameters,
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e 17/16

Diame ter Meon Numerical  Samplle Size Coefficient of Variatiom

(mm) Values of Tan © () of Tan & (%)
043200 044040 1 0
0.2800 042309 1 0
0, 2667 0s 5547 5 21,81
0 42600 04 4245 1 0
0,2533 0,7265 1 0
042467 044663 1 0
0,2400 04,3839 1 0
0,2333 044467 2 13.88
0,2267 042964 2 13,59
042200 04,3325 6 19.93
0,2133 Ce 3599 4 17,14
D, 2067 0,4212 4 20,18
0,00 0. P37 15 44. 32
0,1933 0.5236 8 41.99
0,1867 0.4184 9 23469
0,180 0, 3718 8 38,0
0,1733 043524 4 23452
0, 1667 044496 5 52,62
041600 044638 5 D.12
0.1533 042990 6 22,99
041467 0,3691 4 67T
041400 0, 3250 2 8, 36
041333 04259 3 12,49
0,1267 042962 2 4,52

Table 3,12, Package 17/ 16 twist parameters.
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Diameter and Twigh Relationghips of Jblyegter Yarng
Paclage 17/11 '

Mean Numerical
Valueg of Tan &

Diameter Mean Numerical Diametexr

(rm) Velues of Tan O {mm)

0.3800 045640 042133 0.5510
0,.3200 0.4245 00,2067 0.,5584
0.3133 0,.8693 - 0,2000 0,5471
0.3000 0,3839 0,1933 0.7265
0.2933 0,5492 0,1867 045792
0,2867 0.8759 © 0,1800 0.4829
0,2800 003443 0,1733 0.5668
0.2733 0.5719 0.1677 0.4040
0.2667 0.5116 0. 1667 0.4358
02600 - 0,5714 0,1600 044960
0.2533 0.7173 0,1533 0.4962
0.2467 0,6728 | 0.1467 0. 4402
0, 2400 - 0,5510 - 0,1400 0.5317
042333 0.7963 0,133 0,5815
0.2267 0,6505 0, 1267 0,360
042200 004348 041200 0,344 |
| | 0,1067 0817

Tatle 3.13, Package 17/11 diameter and twist relationships.

The relationships are shown graghicslly in Figs 3.2. The
graph and the gtraight line equation values are given by a
cemputer using the abuve data. The letter r besides the straight

lime equationg is correlation coefficient,
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Packuge 17/12

Diameter Mean Mumerical Diameter Mean MNumerical

(mm) Valico of Ton © (m)) Valies of Tan ©
0,3933 0,8391 0,2133 0,524
0.3667 0.7813 0,206  0,5479
043333 0.6745 042000 045471
0,3267 0,.6009 0,1900 0,5510
0,3133 0.5706 0.1867 .' 04521
0,3000 0,7709 0,1800 0,5269
0,2933 0,3640 01733  0,4877
042867 0,9004 0,667 0,505
0, 2800 0,5461 0,1600 0,5704
0.,2733 0.6293 0.1467 | 0, 4806
042667 0,5087 0, 1400 0,3565
042600 047573 0,1333 0. 4452
0, 2467 10,3640 01267  0,3640
0, 2400 0,6116 ~ 0,1200 0.,3155
0,2333 0,56896 - 0.1133  0.2867
0, 0267 045245 0,0933 042493
042200 0,5226 0,0867 0, 2679

| 0,0800 0,5095

Patile 3,14, Package 1712 dimeter and twist relationships.

The relatlionghips are shown graphically in Fige 3.2
The graph and the straight line equation valueg are given by

a computer uging the above data.



Packare 173

Di?ﬁmt:l)ter ﬁeﬂﬁeﬂm:}rj&?e mmter }ﬁﬁeﬁﬂ;ﬁo
0,3333 0,7002 0,1733 05198
043000 0.8391 0,667 045095
0,2933 05714 0,1666 0, 3609
00,2867 0,8693 041600 0, 4479
0,2667 0.6180 0.1533 0,3058
0,2467 0.5095 0,1467 0.4444
042400 0.8093 041400 044296
0.2333 Ce 4551 0,1333 0.4097
0.2267 045219 0,1267 044521
0,2200 0, 2867 0,1200 043595
0,2133 0,3839 0,1133 0,3721
0, 2067 0,5138 0,106 0,3670
0, 2000 0,6913 0, 1000 0,5153
0.1933 0.5145 040933 . 0.3626
0,1867 04,5331 0,0867 0, 3995
0,1800 0,4778 0,0800 0,4458

Tatle 3.15. Padcage 17/13 diameter and twist relationships.

The relationghips are ghown graphically in Fige 3e35.
The graph and the giraight lire equation velues are given by

a computer uveing the above data.
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: 1 Tackage 17/14

Diameter Mean Mumerical Diameiexr Mean Numerical

SRR PR Sl

{xom) Values of Tan @ () Vaiues of Tan ©

Jli 0,3267 045550 0,1867 0,4261
i3

3 - 0,2933 O 7002 Oq 1800 0,5313

1 0.2867 0,6009 0.1733 05097

| 0,2666 044877 0.1667 0.3640

| g 0,2600 0.5526 0, 1600 0, 4626

: 0,2533 045552 0,153 043895

| 0, 2467 . C.4742 0,1467 0.4389

L 0u240 0.3840 0,1333 0,3931

L 0.2333 0. 4896 01267 0.2867

0,2267 044520 041200 0.3640

] 0,2200 0.3443 0,1133 0,4252

0,2133 04 4770 0,000  °  0,3249

| 0, 2067 045145 0.0933  0.404

Y 0,2000 0, 4806 0,0867 0,364

0.1933 0,4806 0,0667 043443

Table 3.16. Package 17/14 diameter and twist relationships.
s The relaltionghips are shown graphically in Fige 3.3,
The graph and the straight line equation values are given

by a computer using the aboved data.

o
1
I. .II-
.
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Packapge 17/16

Diameter lMean Numerical Diamet ex lean Ntmleri_g

al
() Values of Ten © (m) Values of Tan ©

0,3200 044040 042000 0. 40357
0, 2800 0,2309 041933 045236
042667 045547 0,1867 0.41684
042600 044245 041800 0,3718
0s2533 0,7265 0,1733 0¢3524
0, 2467 0, 4663 041667 044496
042400 0,3839 041600 0,4638
0,2333 04 4467 0,1533 0q 2940
042267 0,2964 041467 043691
042200 043325 021400 045250
0,2133 043599 0,1333 04,3059
04 2067 0.4212 041267 042962

Talle 3,18, Package 17/16 dimmeter and twist relationships.
The relationghips are shown graphically in Fig. 3e4e
The graph and the straight line equation walues are given by

a campuier ugin; the aboved datae
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Packege 17,11 Baglpuclimed) : 4568 + 0,442 10,2200
Package 17/12

Hob Bockpuctioned) s y=1.433x + 0,2197; x W T500

i [] T
0,0 0,10 0,15 0, 0425 Ue20 0435 0,40
e Ty

Fig. Sczc

’ ¥ i i

Yarn diameter
Tangen: of twisl angle/yarn diometer,
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A= Package 17/13 (Backsuctioned) : y=1.5014x + 0,2230; »=0,6878
1,04
0,94
o

048+

0 'T-u

0469

0054

0,

] ] L | ] L ] .
0,00 0,05 0,10 0,15 0.20 0425 0,20 0.35 O
Yarn diameter (mm)

Fig. 3.3, Tangent of twist angle/fyarn diameter,
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Package 17/15 émcl::mctioned) :
Package 17/16

y=1.6232c + 0,1315; I‘EO.GBT‘!»
Not backsuctioned) : y0,6206x + 0.2734; r=P,3055

i i ] ] |

0.00 0.05 0.10 0015 ng) 0.25

Figo Sede

Yarn diemeter (mm)
Tangent of twist angle/yarn diameter,

030
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3.5. DISCUSIION

Bffect of Backguclion on Tuigt Characteristicg of Cotbon Yarng

wrn packages 17/1 ani 172 are spun under the sgare spiming
pressure of 1219,2m head of water tut package 17/1 wag gpun with
tecksuction while sample 17/2 was spun without becksuction, The
regults of twigt measurements of these yarns showed that package
17/1 gave overanll higher average t.p.i, in the order of 613,2
$,De, than package 17/2 which hag got 5690 %epeme on overall
average., The counts of thege yarns are very gimiler with a
dif ference of just 0.1 tex which is not expected to have any
gignificant effect on the twist properties of e yarng, Thege
findings showed that becksuction in open~end friction~gpinning
increages the amount of twists in yarns gppreciably becouse of
the differerce of 442 tapoite ig very significant. Thig high
gipgnificant value in t.p.m, will 8lgso create high differences in
both physical aml mechanicadl properties of the iwo yarng, same of
these would be ghown in the later gectiong of thig thesig.

If the individual fa.pe.m. vlues even far each of the same
eckage are congldered We found extremely bipg differences vhich
are not expected (these are ghown in Table 3.1) « This suggests
that maxked twist vardetiong are present with open-end friction-
gpun yarns which ig likely to e ome of the couges of low atrength
of the yarna, Far example, one gpecimen of & yarn fram packa
17/ had 1013.6 t.p.m. 2m another gpecimen fran the same package
had 386.2 teDPele a differcnce of 617.4 tep.m. which ip glving a
lot of concern, If same partg of the length of a yarn are hardly
tuisted amd game parts ave goftly twigted, not only that it will lead
to problemg in processings like gpimnning amd weaving tut also the
overall fexture of the yarn will e affected badly, The presence

of Wwrapper filrreg on the gurface of
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Iriction=gpun yerng may also contribute to the large twist
variationg along the length of friction gpun yarng. This ia
tecause wrapper fibreg can obstruct the eagy anl adequate flowing
of twists during twigt ingertion go that places of high wrapper
fibres concentration will experience lower fePeMo while areag of
low wrapper fibres concentration will experience higher tepeine

The formation of thege wrapper filbres on the gurface of open-end
friction-gpun yorng must be fully understood in other to find means
of reducing their effects on twigl insertion,

The overall meen dicmeter for packege 17/1 is 0,1902mm while
that of package 17/2 is 0,2048mm with overall mean twist angle of
19,96 degrees compare to 19,10 degrees far package 17/1. Cne
would probahly expect paclege 17/2 which hag got higher twist
angle to huve higher tepeme but the reverse is the capge which
sugreste the canplexi ty of thege yarns agedn. FPrescnce of wrapper
fitreg will influence the magnitude of diameter of thege yarns,
Fron the one hundred specimeng obgerved for twigt invegtigaiion
of package 17/1, anly one gpecimen has the highest diameter of
0466mn compare to the lowest diameter of 0,1133mm found algo with
one gpecimen, Dut, yarn gpecimeng with diameterg of 0,25)3m,
0,1933mm and 0,1666mm are more in the one hundred yarn gpecimeng
observed in the wrder of eight eachs In other words, yarn srecimens
with diameters cf 0,2333m, 0,1933mn and 0,1666mm are mare in the
yarn structure of packege 17/1 than other diameters. oee Talle 3,2.
For package 17/2, the highegt diameter wag 0,3266mn and it was £ound
also with only one yarn gpecimen as with package 17/1 while the
lowest diameter was 0,1200mm, Yarn gpecimen with g diometer of
0,2000mm wag more in the yern glructure and it was in the arder

of eleven, Thig is shoyn in Talles 3,3.
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The graphg oblained by Hlotting tan. of tulst angles againgt
yarn diameters for packages 17/1 and 17/2 are shown in Figure 3.1
with their gtright line equationg. For packege 17/1, y = 0.2757 x
+ 0429263 © = 0,2261, vhile far package 17/2, ¥y = 1.27180x + 0,1026;
r = 0,7831, The value of correlation ccefficient (¥) far package
17/1 vhich ig 0,2261 is too low, meang that the two parame ters used
for fdlotting the graph veried widelyfram each other and very
imegular in the yarn gtructure, Since we told the computer to
draw a best straight line through the points on the graph, the more
the gtraight line moveg towards the tan, of twisl angle axisg the
be tfer would be the yorn awul the higher would be the value of r,
For package 17/2, » ip 0,7831 which ig higher than that for paclage
17/1 and the two parameters used far plotiing the graph as well as
their points of intergections were not ag geattered as that of
mekage 17/1. That ig why peckage 17/2 hag higher overall twist
angle than mckage 17/1s For a perfect corrclation of the two

parame ers r would be 1,

ﬂect of Backguction on Twigt Characteristicg of Yolyegier
SRun_Yerng

Thig regearch work hag sgioyn that the effect of teckguctian

m twist characterisiics of polyester open—end friciiom-gpun yaang
is very marked, Thig is reflected in the results cbiained for
packages 17/11 and 17/12 gpun under the same jressure but one of
them was backouctioned and the other spun without badisuctione

the package 17/11 which was bucksuctioned has hipher turng per
metre (twist f2ctar) in the order of 889.6 as campared to package
17/12 which was spun without becksuction and which has 816,3, 'he
difference i twinpt characteristics of ccurse would be manifested
in the tengile behaviour of thege yarng which is a crucial factar

in determining the end-uses of lhie yornse There are 2lgo variationg
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in twist angles of thiese yorns pockage 17/11 has higher overall
average twist angle CE‘MB) than package 17/12 @7—,55 ) which
ip a contrituting factor to twist variations in ope-end friciione-
gpun yaarng, 1f the individual valuve of hidlgt angle and yarn
digmeter of these yamp are caugidered even un the samel prckege
it would be found that open—end frictilon-gpul yarns vary o much
along their structures in these regards. All these nay probably
account for the lof girengih of these yarng, Though, the dilferences
in twist angle and yorn diametar of the two packrges gpun under the
game pressure (1219.2mm head of water) are not much bui the
difference in t,p.m. of the two packages is s0 great which gugrests
that sonething else may be responsible far thig in the structure or
in the mechanicp of yirn congolidation which ig not known yet.
Facknge 17/15 and 17/14 were gpun under the same pressune
(1320.8mm head of waler) Wt package 17/1% was backsuctioned while
packege 1744 was not bocksuctioned, it would te seen from the
resulte in Talle 3.6 that the package 17/13 hag higher t,p.m,
(982.3 than the paskage 17/14 (3.9 and lover twist angle
(_2-1-25) than the package 1?/14(24.'}0) and lowexr yarn
diemeter (0.1566my than the package 17/14 (0.1925m) . These
invegtigatioms have shown that the yern spun with backsuction
under higher pressure (1320.8mp head of water) produced a yerm with
mare twists alag its length., TFor example, packams 17/11 and
17/13 were both ecksuctimed under similar caditionsg but package
17/3 was spun under higher pressure than package 17/17 and there-
fare hag higher tepems Ml the results shoved by the packsge 17/15
',iga;ve a gifferent twend entirely, =zince the pockage was spim under
a pressure of 1422,4mn head of water with bucksuctio and produced
a yoxrn of 759.0 t.p.m, comared with the package 17/13 vhich was
alsd tacksuctioned et spun under a pressure of 1320,8mn head of

water and has higher ti.p.m. in the order of 982,2 f.p.m,
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The result ghows ithat in open-end friction=gpinning system
there is mrobebly a maximun gpinning pressure under which the
yarng are hard twisted, above this pressure the te.pems would be
reducing hence changes in the glmueture and propertieg of the yarns.

Mo, packages 17/15 amd 17/16 were spun under the game
megsure of 1422,4mn but peckege 17/15 was backsuctioned while
packrge 17/16 was spun without bicksuction, From the results
gioyn in Tatle 3,6, it would be seen that package 17/15 which was
backsuctioned has higher teDeme (759.0) 4 higher twist angle (22.15 )
and 1ower diameter (0.1758mm) than package 17/16 vhich wag not
backsuctioned anl has 679+4 bePeMa, 21.61 tulst angle and
01927t diame ter, The counta of the two yarng are very similaw
but with only 0,5 tex difference, This ghowed that backsuctim
in open-end frictime~gpiming hag a gignificant effect in the
structure of open~end friclim=gpun yarngs

gince the countg of the yarng campared tegether in pairg
(17/11 and 1712, 17/13 and 17/14, 1TA5 and 17/16 ave very
gimilar to each other then, the effect of camt variations an the
gtructure of the yarns will be ingignificont, If we congider all
the pockages spun with backeuction and spun under different
mwegsures, it will be found that package 17/13 which was spun under
a pregoure of 1720,8mn head of water gave the higheot tepems with
a velue of 962,2 tepems while package 17/15 hag the wmallest value
of 759+0 tepems anl gpun under a pregguwre of 1422,4mm head of watler.

The use of tncksuction in open-end frictlm=gpinning also has
trenendoug effect am the yeim diameter. The regulis obtained from
the yarn diameter meagurements ghowed that all the yirng gpun with
tacksuction have laver diameter valueg than thoge spun without
backsuction even under the pane spinning pressure, These dijferences
can te obgerved from fahle 3,6, Far exumple, the oversll average

diameter of packege 17/11 (backsuctioned) is 0,2034mm ond that of
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package 17/12 (spun vithout backsuctiay is 0,2179mm though they
were both spun under the sawe pregsure of 1219,2mm head of water,
This is the cage with all the yurns spun even under the same
mregsure, If all tlu; ywrng gpun without tecksuction but under
different spinning pregsures were congidered it will be geen from
the regul ts that the higher the gpinning pressure the lower the
yarn diameter gererally. Packages 17/12, 17/14 and 17/16 were
gpun under different gpinning pressures of 1219,2, 1320.8mm and
1422 ,4mm head of water respeclively anl have their averoge
diameters of 0,2179mm, 0,1925m and 0,1927mm respectively which
swiyests that high spinmning pregguxe helpg in thimning down the
yarng in open-end frictim=gpimming system without beckguction,
Put, in the cage of yarng gpun with badcguctlion different trends
were ghown., For example, packages 17A1, 17/13 and 17/15 were all
backguctioned unler gpiming pressures of 1219,2mm, 1320,8m and
1422 ,4mn head of water regpectively and have diameters of 0,2054m,
0,1586mm and 0,1758m regpectively, Thig observation ghowsg that
the effect of gpinning megure on the glructure of open=—end
friction=gpun yarns will depend on either lhe yarns are backguciion
a note

The resulis of thepe invegligation have ghoym that yan digmeter
in open~end friction-gpmn yerns are not congistent at all, Far
package 17 A1, ym diameier ranges from 0,3800mn to 0,1067m
(brcksuctioned package and from 0,3933mm to 0,0800mn far package
17/12 (not brckouctioned packagg « The same trends apply to the
remaining packiges aé gioyn in Seclion Je.4eJe 'The trends of yorn
diameter variationg are worst far yarng spun without backguction
hence more gtructural variationg of the yarng spun without backsuclion,
Te graphg obtained 't?y flotting tan, of twist angles ageingt yarn
diame ters for packages 17/11 and 17 /12 are ghown in Figure 3,2
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with their stright line equationg. For package 17/1, ¥y = 0,4566x
+0,4432; * = 0,22, while for package 17/12, ¥y = 1.4350x + 0.2197;
r= 0,25, The correlation coefficient (£} value for package 17/11
(0.29) is exiremely tco low which suggests that the degree of
om:glatim of the two perameters uged far the graph is poor and
they varied widely from each other anl very imeguler in the
yarn structure, In the case of package 1712, with higher value
of * (079 , the two yum parameters used for the graph ave still
not conglstent and vary widely in the struclure ag ghown in the
graph, The game thing applies to the remaining four packages gpun
in pairs, Iuckages 17/13 and 17/14 have y = 1.5014x + 0. 2270; r =
069 and ¥y = 0,908 + 0,2648; r = 0,74 regpectively as shoyn in
Mamwe 3,5 It will be geen from the figure that the two yorm
characteristicg used for plotbing the graphg vary so much and their
points of intergections an the graphs are all scatered here and there,
sugre sting mags veriation of the yarng,

Packages 17/15 and 17/16 spun under the same spimning pressure
of 1422.4m head of water having y = 1,6252x + 0,1315; r = 0,69 and
¥ = 0,606x + 0,27343 © = 0,31 regpectively ghowed gamething a bit
different from paclnges 17/13 and 17/14 in that the two yarn param ters
uged far plotting the grephs are more concentrated on certain parts
of the graphs than packages 17/13 and 17/14. This is shown in

Figule 5. 4.
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4,0 ZHtHACTERIS
4,7, Introduciion

ALl the eight packages uged for twist investigetion were also
uged to study fibre orientation in the yarmg, The gludy of fibre
orientation ig very imporiant gince it determines the contrilution
of each filwe to {he overall strength of any pariiculor yamn,
Fibre orientation in g yarn ig a gtudy of the state or conligurationg
of fibres in the structure of thet particlor yarn, After the yoam
hag been congdlidated, the fibreg are formed into different ghopes
ingide the ptructure and thege filwes giapes are the uilding bleck

contributing to the yorn mechanical properiicge

4e2. Meagurement of The Mbre Orientation in Open-ind Friction-
Span Young

The same oplical apparaius thet wac used for twist investigation

in chapter three Mged an tmcer fitre technique was algo used fw
thig orientation inveptigation,

when a yarn is focused with its twe ends shown an the televigim
screen, the fibre shape or emfiguratim wap noted and drewn out and
its fibre extent meagured in mm on the microscale, For thig
investigation, cme hundred filwes with both two ends shown on the
screen were obgerved for each of the package yarng, All yamg with
only one end ghown on the pereen were discarded and not studied
becauge the two ends of a yarn are required before its carrect filre
extent could be meagured, The mumler of eadi configuration in g
structure wag oblrined with their filwe extent and their mean overall
fitwe extent calculated fram the cne hundred regsultse Some fibreg
are founl to be formed inte trailing hooks, leading hodka, entangle=
vent, heoks at both sides, leading 0148 {railing folds, folds at

both gides, sane are gtacight etc.
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4e2.1e Filwe Orientetion Resulis
Package 17/1: Basksucticned; Pressure (Jater gouge) s

1219, 2m Cotton Yarn

FIME MIFICURCION 0o OF PIIRES MEAN FIIRE SXCEND (nm)

— ' 8 30412
(e 13 18,65
iy 5 20440
C - 4 14.25
- — ) 9 14457
Ry S R 6 13,58
e e oY 1 19,00

XA =3 6 21.00

- TN 5 20450
AP D> 15,61
o T N T 7 17.29
A N g B, 9 19.94
— o 1
\ 2.0
2 15,75

L ’

Mean Overall Fibre Extent = 19,07mn,

Tahle 4,1, Package 17/1 Fibre orientation results.
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Packege 17/2: without Dacksuction; Iressure (water Gauge s

1219, 2mn Colton Yarn,

Fibre Configuwration Mo, of Pibre  lean Fibre RBctent (mm)

- 4 304358
=N N T 12 19,12
—r N T ) 6 17,08
E—— 11.10

B _ _-_:) 4 17.25
NG -"\__..-""—"\ 10 140 44
- “_v"—) 1 10,00 -

IR =~ 4 15,50
AN 4 17.13
(o= QA O 13 16.27
O AT TN - T 18,36
NS, 0 e 17.08
AN~ 7 13429
AT N 6 18,25
AN s e S 17,30

Mean Overall Fitwe Ixtent = 17,28mn

Talle 4.2. Package 17/2 Fibre orientation resul ts.
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Package 17/11: Backsuctioned; Pressure (Waler Gange) : 1219,2im

Tolyester Yarn

Mibre Configuwration lio, of Fibres  lMean Fibre Extent (um)

- 2 26,50
e M TS 17 16,18
i S W\ 1 25400
% - R 6 11.75
) 4 15025
TN TN N 4 20,13
- v T ]
... T 2 11,75
. o e WY 1 5450
(T ~OORAL <0 38 12,50
O NO— 12 15,63
— N TN ATRD 11 14. 41
AR T 1 20,00
L S W 1 8450
Lo~ - -

Mean Overall Fitwe kxtent = 14.20mm

Tatle 4.3, Package 17/11 Fibre orientation results.
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Package 17/12; Without Backsuctioned; Presswre (Waler Gauge) :

1219, 2t 1ol yegter Yarn

Pibre Configuraition  No, of Fibre lNeon Fibre Ixtent (mn)

1 24400
N N T 6 13,58
e e ~_;\ 4 11.50
‘\b_.______.__,______ 4 10,13
D 5 15,50
AN T TN 3 Te63
N Ny = -
o S | 7 8.14
- o P 3 1117
O AN 39 11,55
(Do 12 10400
—rN NN DY 8 12,13
N, S, 975 F I 6,86
(e - 1 9400
\-’-..:-5"\—:-/' N -

lean Overall Fibre xtent = 11,08mm,

Talle 4e4, Package 17£12 Fibre orientation reslts.
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Package 17/13: Backguctioned; Iregsuie (Vaber Gauge : 1720.8m

lolyegter Yarn

Fibre Configuratiom o, of Fibres Mean Fibre Extent (mm)

1 52,00
C™ "™ 6 15.92
AN T RN 8 16450
—__ 9 10,83
:) 3 12,67
e T e | 4 15475
N S D - -
-, Y 3 8433
SR . 2 16,50
DR R~ 3T 14,07
e —— 15 12,67
ST, = T P . 7 14,64
\z,::-_’.'; : A‘\l 4 10,52
A U 1N Ul 1 1000

’
\_ Ty, \ - / o -

lMean Overell Filwe Ixtent = 15.81mm

Table 4.5 Padkage 1713 Fibre orientation results.
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Package 17/14: ithout Dgeksuctioned; Presoure (atler Gange

1520,8mn !olyegter Yarn

Fibre Configuration  No, of Fibreg lean Filtre Exterd (mm)

- D - _-‘\ 7 11.00

i N Y T 14,29
C"“‘“'_\ e T | - -

TN o 2 7 12,50

C_ A = -~
- -~ 8 15.03 B
Lo AT e 6 14.25

N NN DY 7 12.29
L,::\A:\\;h:\'\f 4 1175

L~ Mo~ -7 4 6.15

N e . s

Mean Overall Fibre Ixtent = 9.,42mm

Talle 4.6. Package 17/;’- Fitre orientation results.



101 44686(‘

Package 17/15: Backsuctionedj Prescure (Wabter Gauge) s

1422, 4mmn; Polyester Yam

PFibre Corfdguration  No, of Fibres Ilean Fibre Ixtent (mm)

- 1 29,00
G o eSSy 3 9433
T N 8 10.69
L o 4 14,25
s ___.__) 4 1737
e T N 6 14.92
O T ey - -
W .~ TR, 2 18,50
C o= — ~ -
W, B W, 49 12456
N RN — 8 10,19
A, . N S g, SR 18,50
A
\ S~ 2 13400
\. Qr:-““"\-\.// - o

Mezn Overall Fibre Ixtent = 12,89mm

Tabtle 4eTe Package 17/15 Fibre orientation results.
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Peckage 17/16: without Bucksguctioned; Pressure (Water Gauge) s

1422.4mn; Polyegter Yarn

]
Fibre Configuration No. of Filwes liean Fibre Bxtent (mm)

1 28,50
(L T Rt 5 9490
—_— T — \* 3 13.17
o 3 19,63
e _:._. _j 3 9,00
. 4 15450
S N 1 29,00
oA ) 2 9,75
R, o W 2 6425
o~ R D 57 12,73
O~ _—— 2 15,00
i el s R 5 14. 20
< ST 7 8,93
| A Sy = 5 12,90
o e i - -

Mean Overall Pibre Ixtent = 12,81mn

Tolle 4.8, Package 17/16 Fibre orientation results.



! For the evaluation of hasirinesgs of yarns of open-end friction-spun
yarns, additional twelve more packages are gpun together with the eight
packages used for twist and orientation investigations mseking a total
of twenty packages., Ten of theee packages were backsuctioned and the

remaining ten were gpun without badesuction under different gpimning

pressures, Packages 1, 2, 11 adn 12 were spun under a sgpinning pressure
of 1066.8mm, padcages 3, 4, 13 and 14 were spun under 1219.2mn, padcages
5,6, 15, and 16 were spun under 1320.8mm, packagea 7, 8, 17 and 18 wore
gpun under t422.4mm while packages 9, 10, 19 and 20 were gpun under
1498.6mm head of water. &1l the even mumbered padtages were spun

without backmiction., Ten of the padcages are cotton yarns while the I
remaining ten packages are polyester yarme.

i The hairiness of the yarns was evaluated using Shirley Yarm
Hririness Tester. Its warking principle is based on electronic
copacitence method, Under certain camditiong, the effect of
introducing & non-.conducting material atch as a yarn into the space
totween the plates is to change the capacity of the cepacitor, the
change being proportional to number of hairs present. If, therefore,
the material is drawn through tl® capacitor comtinuously, the changes
in t® capacity will follow the variation in the number of hazirs per
unit of length of t® yarn. Ti® changes in the capacity isg detected
and translated electronically into a pen recorder which indicates the
everage hairs/metre, tle stendard deviation and the coefficient of
variation of the hairg/metre(69).

] The measurement was done by passing the yamms through the
instrument at a speed of 60m/min. followed by teking the readings.

. M1l Test Parameters.

!' Speed : 60n/min.
Tost Length: 10m

Number of Teuts: 10 and fmm froae yarn exis.
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| Some packages wore very difficult to feat due to excessive

| yam bregkages before the test was completed e.g. packages 17/1 and
17/12 proved to be difficult to test., HAll padiages were canditioned
in a standard etmosphore for testing textile materials betore testing.
The resultg obtained are ghown in Table 4.9 while the schematic

diagram of the ingtrument ia shown in #ppendix IV,
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4e3ele Yarn Haiviness Results

Packages Mean Hairs Standard Coefficient of
Per Metre Deviation Variatim ()
17 /1% 160 4,00 8.74 12.04
17/2 24214 6.38 2463
17/5* 178,72 10,45 5.85
17/4 185,17 Be42 4e 54
17/5% 164,17 5469 3409
17 /6 158475 5022 5429
17/ 154,17 12,96 8441
17/8 16&;.1 2 5¢95 247
17 /9% 170,73 6,05 3:54
17/10 152,22 3,98 2466
17 A1 1 3170 5066 2,66
1712 139,50 2,97 405
17/13 % 141,36 7.68 5e 44
17/14 143,20 1578 9462
17 /15% 145,60 4o 21 2,89
17/16 144454 1053 Te29
17/A7* 127.57 10.24 19.23
17/18 140,75 6425 4o 44
17 /19 164,07 7.68 4, 81
17 /20 158,08 23,12 14463

Table 449, Yarn hairiness resul ts.
*Backsuctioned packasP se
Packages 17/1 to 17/10 are collon yarns while packages 17/11 to

17/2C are pdlyester yarng,



were also subjected to yarn evenness and irregularity measurement, 'The
yaln-ns (packages) were canditioned end tegted in & stwndard testing
atmosphere for textiles i.e. en atmogphere of relative mumidity of

65 ¢ 2 percent md a temperature of 20 g 2°c.

The irregularity end evenness of the yarns was detemined uging
Uéter Tester 3 with its schematic diagrsm shown in appendix V. Two
oscillators A samd B have equal frequemcies when there is no material
in the measuring capacitor C, When the two frequencies are super-
impoged tle difterence in frequengy ie zero, The présence of material
in tl® capacitor causes its capncity to change and alter the frequemcy
of the ogcillator A, There will then b e difference tetween the two
froquencies which varies accarding to the amount of material between
the capacitor plates, OSuiteble circuite D translate these frequency
differences into signals which (a} are indicated on the metar M,

(b) drive the pen of the recorder, and (o) are fod into the

integratar which indicates t1® CV (lm), CV (%m), index of irregularity
(%), thin placea (~50%), thick places (+50%) md neps (+200%). The
Ugster Toster ussd was the most modern type of irregularity testing
machines. The determination was carried out according to ths Ugter
Tester manufacturer's instructions using 200 metres for each test (70).
The results are shown in Table 4.10. Same photographs of irregulerity
spactrum of these yarns are shown in Appendix VI.

|

| All the twenty packages spun and used for yern hairiness determinatiom
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bdodels Yarm Ivenness and Ilrregularity Results

TS Y T e Taes new
Packages Trmge (500 () G2
1A% 14440 5467 297 2.09 8.0 0,0 12,0
17/2 14483 3,67 2,92 2.1 25,0 2,0 16,0
17/5% 14,29 3479 2,98 2,08 12.0 0 6.0
17/4 14.64 4,04 333 209 12,0 3.0 8.0
/5% 14,52 3,35 2,53 2,11 8,0 1.0 7.0
17/6 14,29 3484 2,98 204 1140 0 8,0
1T/ 14419 3.64 2,82 2,04 Ta0 1,0 8,0
17/8 14,13 3,41 2,56 2,04 16,0 1,0 6,0
17/9% 14441 3,86 2,96 2,04 640 1,0 12,0
17/10 144 41 4403 3,39 2,01 11,0 1.0 13.0
71+ 1580 3.9 2,97 2,35 26,0 6.0 29.0
17/i2 15.31 3,76 3.2 2434 26,0 4a0 2940
1A% 15,76 410 306 2,47 230 540 1440
17/14 15,75 424 3.34 2,40 3.0 1,0 22,0
MAS* 16,35 431 3,60 2,47 44.0 9.0 23.0
WA6 16,03 3,98 2,94 2,0 47,0 8,0 29.0
TMAT* 1569 3,29 2,19 2,36 27.0 10,0 21,0
17718 15,78 3,82 2,91 2,37 42,0 2,0 21,0
T7A9%  15.57 3.0 3,03 2,32 2540 560 27.0
17/20 15,16 3,21 2,43 2,29 22,0 2,0 4749
Talle 4,10, Yarn evermess and irregularity results.

#hekauctioned pockage s.

17/20 are mlyester yorng.

Packages 17/1 to 17/10 are coltam yarng while packages 1711 to



The Dxtechno Stimat M P st machine (a computerised machine) was

g
- used to evaluate the gtrength characteristics of all the 20 packapes

gpun which were the same packege used for yarn evenneas mmd irregularity
evaluation. Thip tensile strength tegter uses the bonded-~wire type
of strain gamuge cuubined with & computer, It usges ameveral inierchange-
able load cells containing the strain gmges e.g. fram 2 to 50,000
gramm®s is possible, The load cell isg located centrally in the fixed
crogskead while the main controls for load range selection, calibration,
otce, are mounted on the front pemnel below the recarding chart. The
load c¢ell output is fed by cable to the control cabinet which houges
the varioug electronie circults and the pen recarding squipment,
Since the instrument works om the principle of constent rate of
extensgion, a0 tl® test gpocimem will be extended until it finally
b:l:'eaka.

i To carry out a test the instrument must t» fed with the necessary
particulars of the yarne. In fact, tl® measurement was carried ocut
by feeding the computerised instrument with the packages particulars

|
e'i.g. yarn count, package reference number, number of tests to be done
and the type of yarn under test (ecotton or polyester), Bach package
wag made to run through the machine accordingly and tip resulis were
printed cut automatically. Iwenty tests were carried out for each

of the padtages and the mean results givem by the ingtrumemt. The
tegt length of the instrument was approximately 500mm, A1l the
packages woere conditimed for approximately 24 hours in s standard
testing atmc:sphare for textiles bafore the test wae carried out,
dpart from the single yarn atrength and elongation at btreak of the
individual yarn given by th® camputerised instrument, it magnitude
of work of mpture and the rorce roquired to hresk the individual
yarn were also given by the instrument together with the average force/
efl.ongation curves of all the yarn packages.

| The tensile strength characteristics resulte of the yams are

shown in Table 4.11 while the achematic disgram of the insirument is

ghown in 4ppendix VII.
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45,7 'The Yarn Tengile Stmength Ciarcteriptics Results

Hean Mean Jean Haan
Packageg Count Breaking Work To lenacivy Elumgatian

is (tex) Torce () kuptare  (ciAex) (0

{ (o)
17;‘!5F 20 .1 1.75 5400 8.71 6.80
17/2 20.2 = 1,52 2.9 6,55 5499
i 1755 21,4 1475 3,03 8429 6.91
' 17/4 2.3 1,58 2479 7471 6492
g 24 e 3419 8,60 6,57
I 17/6 20,3 1.8 2,83 791 6,94
L 17/T*% 20,7 1,74 3.02 9o 41 6,91
,I 17/9% 20,0 1.71 2.96 8,55 6.85
Datio 1905 142 2440 7430 6.34
i 1fite 22,2 2499 T.40 13.49 10,66
1742 23,2 2,33 5645 10,03 9469
A3 24,5 3464 9.52 14.5 11,30
1714 232 2.57 6.3 11,06 10,47
17/15% 22,8 - 3,33 8,76 14.60 11,32
1716 2249 2,66 6469 11,81 - 10,62
/1% 22,6 3,28 Bu 3 14,48 11,14
/18 25 272 6045 1208 . 9,71
17/19% 22,2 2,76 6,64 12,41 10.62.
17/20  22.9 1.9 2,98 6455 7042

Table 4,11, Yarn tensile strength characteristics reml ts.
sieksuctioned packagege
Packages 17/1 to 17/10 g ocottm yarng while packages 17/11 1o

17 /20 are polyester yarns.

b
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4.6 Gmphical Comparigon of Same Yam Properiieg

44641, Meagured Twistg
The probable amount of twists inserted onto the twenty

packager of yarng spun was measured by an instrument called
awelgle apparatus. Thig apparatus works on the principles of
untwisgt-retwist nethal of twist meagurement and it is the
spparetus designed to detemmine quickly the amount of twigh
ingerted onte open-end friction~gpun yarns., The apparatus hag
been proved inadequate to meagure the amount of twigtg in open=
end friction-gpun yerns by thig investigation {(from optical=
microgcopic method) » Five tests were carried out for each
package and the mean of the five testms resulis was given in
Tabtle 4.12. The meagured twistg experiment wag conducted accard=

ing to the Zweigle apvaratugs mamfacturerts ingtructionsg,

4642, Meagured Twigts Regullg

Packages Meagured T.P.M. Packages Measured T.P.M,
17/1% 917440 1TAlx &340
17/2 922,20 1Az 8120
17/3* . 95240 17/13% 761.60
17/4 93220 1T/M4 82480
17/5+% 984.20 17/15* 819,80
17/6 957420 17 /16 838,20
17/1+ 996,80 17/ 825420
17/8 990 ,60 17/18 826.20
17/6% 957 +80 1719+ 765420
A0 953.00 17/0  769.20

Table 4.12, Measured twist resultsg.

*Bckguctioned packa.gaﬁ"..ﬁ

Some yarn parameters were compared togother graphically, The &raphs

are gaown fran Figures 4.1 through 4.11.
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4¢7. Digougsion of Regultg of Fibre Orientation and Some
Fropertieg of Open-End Friction-ipun Yarng

For fitre orientation in open~end friction-gpun yarn

investigationg, six packages of polyester yarns aml two packages
of cotton yarng are used. Ornly two packages of cotton yarng are
used for fibre orientation investigationg becauge the gpinning
systen gives the worgt result for cotton yarms hence there wag

no need for wagling time and materials in investigating more
cotion yarn packages, If the results of cotton yarns are
oongidered (Pables 4.1 and 4.2), it would be found that package
17 /) which was Mcksuctioned had higher overall fibre extent
(19.07mm) than package 17/2 which had 17.268mm and which wag gpun
without backsuction. The mmber of fibres that are found straight
in package 17/1 (8 doutled the mmber that are found straight in
package 17/2 which had only 4. Also, the number of fibres that
were fomed into entangleuent in package 17/1 are lower (6) than
that found in package 17/2 which is in the arder of 7. The results
fran this orientation invegtigation showed that backsuction helps
in gtraightening the fibres (hence better arientatiom) and leiter
fibre utilizatiom, Other fibre configuratiens and their mnber
are shoWn in ‘atles 4.1 and 4.2.

The results of analysis of fibre orientalion in the polyester
yammg gpun ghowed higher overell fibre extent for all the packaes
gpun wvith backguction than thoge gpun without beckouction even
under the same gpinning pressure. Fackages 17/11 and 17/12 were
gpun under the same ‘gpinning pressure tut packee 17/11 was back=
suctioned and had higher mmber of fibres straightened and luwer
mmbers of entanglement than package 17 /12 which wag gpun without
backguction, These conditions apply for nearly all the yarns

gpun in pairs under the gare gpinring pressure and these were
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ghown in Tables 4¢3 through 4.8. Different fibre configurations,
their mmbers and their fibre extent are algo shown in the
aboved menticned talles. 'The resulis of this invegtigation
ghowed that beckeguction is algo very impartant in open-end
frictiom-gpinning of polyester yarnse.

The results of the yarn hairinegs for all the cotton yarn
packages showed that all packages spun with backguction with the
exception of sample 17/19 have lawer mumber of hairs per metre
than their counter part packages spun without backguction, Thig
i shown in Table 449. Similar trends are observed for the
polyester yarns also., Thoge packages that were gpun with back-
guction have lower mumber of hairs per metre than the packages
gpun without backguction with the exception of packages 17/15
and 17/19 which have approximately 1 and 6 hairs per metre
respeclively higher than their counterparts spun without tack=-
suction, This is shown in Table 4.9,

The results of the yarn evemegs and imegularity chown in
Table 4.10 indicates that yarns gpun with tacksuction are better
than the yarns spun without backguction in terms of thick and thin
places mregent with the yerns, For both cotton and polyester yarns
gpun with tackguction there are fewer mmber of neps than the
packages spun without backguction, The ceoefficient of variationg
of irregnlarity of backguciicned packages are gnaller for gome
packageg than thogse gpun without backguctioned vhile for same
backguctioned packages the CV % are higher than game packages gpun
without backsuctions The index of irregularity of same backsuclioned
packages are lower and game higher than gane packages gpun without
tadkguction,

If the resultes of yarn tengile sirength characteristics ghown

in Talle 4.11 are examired, it would be seen that all the yarnsg
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gpun with backguction have higher breaking foree, wark to rupture,
tenzcity and lower glon@.tion than thogse yarng spun without back-
suction for both cotton and polyesier yarng. The differencesg in
tereoity, work of rupture aml Mweaking force between badcsuciioned
packages and packages spun without btacksuction are greater in
polyester yarns than in cotbon yarns. Thip apgin shows that the
gpinning system ig more praniming for polyester yarng than for
ocotton yams.' -

The regults of the nmeasured t.p.m.l given by 'tile Zwelgle
apparatug are not actually the magnitude of twist present with
the yarns because the apparatus gave higher walue of t,p.m, for
gane yarng spun without tacksuction than those gpun with backe !
suction and in same packages the reverse ig the case. Thisg |
research wark hag proved the Zweigle apparmatug unreliable to
meagure the amount of twists in open-end ricHoan spun yarns.
Typical capes in this regard are seen with packages 17/13 and
17 /14 vhore Zweigle apparatus gave T61.6 t,p.m. and 802.8 {.p.m,.
respectively for the packages whereas optical method gave 982.2
tepem. and 503.8 respectively for the packages. The optical
methal that was uged for twist investigation in thig wark and
vhich was degcribed in Chapter 5 gave the besi regults, thaugh
ig a time consuming process.

The terecity values of the polyester yarns are plotted
againgt thelr meagured t.p.mo valveg am it wag found that the
temncity increages with increases in meagured t.p.me for hoth
dksuctiored packages amd the packages gpun without backsuction
as gshown in Figure 4.1 Dut the effect ip higher for back-
suetdoned rackages than far packages gpun without hacksuction,
Temgcity alaec increages with increasge in filtwe extent for both
ackguoctioned packages and packagesg gpun without Tecksuction,

at the effect ig higher for bhacksucticned packages ag shown in
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Figure 4.2 for polyegter yrng. In cotton yarng tenmacity doeg
not increage by increaging meagured tepon. values ut remaing
mare or less the game fram a t.p.me of 925 ag shown in figure 4.4.
Hlongation at hreak of polyesier yarrns far both tacksucltioned
rackageg and the packages gpun without backsuction increageg
with increage in fitre extent. The effect ig higher for back-
suctioned packagegsag shown in Figure 4.3,

Figure 4.6 shows that increase in diameter increages the
fitre extent of backsuctioned polyester yarng margimlly, while
the oppogite is the ocage for non=tacksuctioned yarns. The
tenmacity of polyester yarns increages steadily as the calculated
tepeme increages ag expecteds This ig shown in Figure 4.7 for
both backsuctioned packages and the packages gpun without back-
section, The temcity of backsuctioned colton yarng shows
increage initially with increases ip the amount of repsg and
finally drops sharply while the tenacity decreages rapidly with
increaging mneps for the packages spun without becksuction, The
reagon far that initial increige in temacity with meps is not
undergtood probably due to the canplexity of the open-end friction—
gpun yarng, Thig ig shown in Rigure 4,10.

For both backsuctioned packages and the packages spun without
rcksuction of polyester yarns, the tenacitly decreases with increage
in yarn diameter ag ghown in Pigure 4,11, Far both coiton and
polyester yarng, tenacity decreages with increage in hairsg per
metre far both backguctioned packages andl the packages spun without
acksuction as shown in Figures 4.5 and 4.8« Thig is probably due
to the fact that the. fibreg that formed hairs on the surface of the
yarng are not temiciougly attached to the rest of the fibreg and
then reduced the mmber of fibwes participating to the overall
gtrength of the yarng, Algo, caumplexity of thege yarna giructureg

may be a contributing factar,



o
b

1273

The results of.this regearch wark revealed that bthe itemacity
of polyegter yarng spun with and without backsuction decreises
with increage in mmber of meps along the yarn length. The effect
.I is:{torse for the yarna gpun without tacksuction though the temacity
drops sharply for both Wcksuctioned yarns amd the yarng spun

without tacksuctiion as shown in Figure 4.9.

S e
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5e0e SINGLE FORCE /BIOIGATION (URVE GUARACIERIGITCS OF OPEN-END
_ PRICIHON-SIUN YARS

5ele Introguction

" In the analysis of stresg/Strain curve characteristics of any

particddar yarn ig very impartant to Observe how the yarn will
behave in proctieal use, The gtress/atrain ourve of a yarn glves
indication of the pearformance of that yarn when gome Joads are

applled to the :y'arn.

5-2. Determination of ginde Forcefg_lgl_l@tion Carve !cﬁj_? Open-~

End Friction-Spun Yarng

Al the twenty packages spun (palyester and cotion) are
subjected to stress/strain curve analysis using Textechno Statkimat
M Test gppammitus, On each package, twenby testsﬁwré'oarried ot
and the apparatug produced individual curve for each test and
guper-imposed some curves where necegsary and fimlly ghve the
farce/elongation curve for each packages The histogram far both
bresking elongation and bresking forece were alpo produced far each
of the packages, It was fram the gingle yarn gtrength and elongation
at hresk values or data that the curves and the higtogramg are drawn,
Sele 1'. Average Forve @og@tion Curves and Iistogram Resultg

The averag® force/elongation carves were ghown from Figwes

5.1 ¥0 5.10. Packages 17/1 to 17/10 are cotton yarng while packages

- 17/11 to 17/2 are rolyester yarna, Por both yarns gll the odd

mmiered packages are tackmuotiored yarng while all the even

mmnbtered packages are the yarng gpan without backsuction,
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Loy A =——Packie 17/1 (Backsuctiored)
B =~ -~ Packege 17/2 (Hot backsuctioned)
10
A
. B
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Fige 5¢2. Avertge Force/Elongntion Curve
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Fige 5.3+ Average Force/longation Curve.
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A = —— Packoge 17/7 {lhcksuctioncrﬁ
B=- .- Package 17/8 (Not backsu doned)
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5.5'. Grgphical Repregentation of Tarn Lvennegs and Irrﬂ!ﬁﬁ'n
Regul tg of Open-find Friction-Spun Yarng

The graphg of evenregs and irregularity of all the iwenty
packages ppun are given by the Uster Tegler 3 used for the analygis
of the yarng, Graphical repregentation of yarn irregularity is very
esmentligl to gtudy the variabllity in gpun yarns and to gee if the
yarn hag fulfilled the gpecification requirementss The teat length
was 200m, and the mags variation within each test length, the
gpectrogram of the mags and the variance-~length curve of the mass
are drawn out and printed by the ingtrument.

The Ugter Spectrograph which ig an embodiment of Uster Tester
3 uped, is an electranechanical unit which is operated in conjunction
with the agsoclated Ugter evennegs tegter; its function is to produce
an irregularity gpectrum of material teslted in the evennegs tester,
During a test, sigmals from the evenness tester are fed into the
gpectrograph and are analysed by a special circuit, The data are
gtared until, after 5 or 10 mimtes tegting, a button ig pregsed
and the pen recorder produces the irregulerily gpectrum or gpectro-
gram of the material, But, in the cage of the Ugter Tester 3 used
evarything ig dore antamatiocally and there ig no need for waiting
for 5 or 10 mimiteg after testing before a buttom could be pregsed
to activate the pen recorder. Ingpection of the gpectrogram enableg
the obgerver to note the ;u.'eaenoa#wave length and amplitude of
mriodic variationg immediately without the need to analyse charts
which are often confuging,

The variance-length curves of the mass as printed by the
ingtrument which could be t2ken as true repregentgtiong of
frregularity in the yarng are analysed and given in Figureg 5011

through 5.18,
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S5ede ugsion Regul Lg of Average Force /Ilonggtion Curve
Gz ig of Irregularity of Open-ind Frictiun-

Spun Yorng

The regults for cotton yerng shown from Rigureg5.1 through 5.5
ghowed that open=end friclion-gpinring gystem ig not adequate yet
for the gpiming of cotion yarns and the worse resultas are even
given by cotion yorng gpun without backsuction, There was a glight
improverent in gtress/strain behaviour of thoge cotton yarng gpun
with backsuetion, It isg seen from the graphg that the yarng contain
a lot of kirks which weaken the yarng. The gingle force /el ongation
curveg showed the individugl stress /strain behaviour of each tegt
length (not ghown) while the average force/elongation curves showed
the mean stress/strain tebavicur of all the {est lengths together
of a particular package (yarn). The higtogramg for both the lweaking
elongation and breaking force also showed or revegled the weaknegss
of thege yarng in temmg of their mechanical propertiesg,

For the polyesi:ar yarng, the stress/strain behaviowr performance
ig better than that of cotton yarng ag shown fran Figures 5,6 0 5.10.
The backsuctioned pdlyester yarng showed more praniging gtress/gtrain
behaviour than thoge; packages gpun without backguction, This ggin
has shown one of the effects of backsucltion in open-end friciione
gpinning system, Other things said above under the gtress/strein
tehaviour of cotton yarng also apily to polyester yarns as well,

Now, if the siress/strain characteristics of the yarns gpun in
pairs are congidered fully many things are revealed about the opene
end frictionmgpun yarng, Packages 17/1 and 17/2 are spun under the
gsame spinning pressure bul package 17/1 was backsucticned while
package 17/2 wag not and thig have tremendous effects on both the
gingle farce flongation and the average force/elongation behaviom
of the yarng, The gtress/strain shape ar configuration of package
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17/2 containg more kinkg and weak places than package 17/1.

The histogramg of elongation and farce of the iwo packageg dlgo
raveated the differences in the gitructures of the yarns with
package 17 /2 higtogram ghoved more irregular siructures than
package 17/1s These differences in mags variation of the two
packages can b obgerved &lgo by studying the average force/
elongation curves of the yarng shown in Flgure 5.1 .' Far package
17 /3 and 17/4, the dlfferences in thelr structural veriationa can
be geen eapily from their sivegs/Btrain behaviowr in Flgure 5,26
with package 17/4 that was spun without tacksuction containg mare
weak Hlaces and places of lov tenglong,

For padcages 17/8 and 17/6, when the average farca/elongation
oharacters of the two yarng are considered, packege 17/6 showed
nare weak places than package 17/5 (backsuctioned package). The
di fferences in the stress/sirain behaviourm of packages 17/7 and
17/8 arve not mch ag shown in Fgure 5.4¢ Though, package 17/8
that was spun without btackguction containg a little more weak
points than package 17/] (backsuctiomed package). The siress/
ghrain behaviours of package 17/9 and 170 are shown in Figure 5,5
and 1t wil) be seen that package 17/10 tehaves so much differently
than package 17/9 because of large giruchwual variations exigting
in package 17/10 than in package 17 /M.

The mtress/strain configumtions and behaviours of pdlyester
open~end friciion—-gpun yarng gre virtually different in all agpects
from that of cotton oper—end fricH on=gpun yerns digcussed above,
The polyester yarng occupy longer lengith along the horizontal axis
and longer digtance slong the vertical axig of the atress/gtrain
curven, Thig means that the polyester yarng have higher lreaking
elongation and treaking force than the cotion yarns gpun, Packagea

17/11 and 17 /12 were gpun under the game gpiming mressure but
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package 17 /11 was backswctioned while package 17/12 was not,
fhe effect of thig can te seen in the giress/mtrain behaviours
of the yarng shown in Flgure 5,6 with packege 17/12 showed more
kink places and flaces of low tenglon than package 17/11,
Packages 17/13 and 17/14 have their stress/pimin behavicurs
ghoyn in Fgure 5.7 with package 17/14 (not backeuetioned) showed
more irregular placeg. The giress/sireain behaviouwr of the remgine
ing polyester yarns investigated i.e. Packages 17/15, 17 /16, 17/17,
17/18, 17/19 anl 17 /20 are chown in Hgures 5¢8, 5.9 and 5,10
regpectivelys It will te geen from the siress/wirain characters
of the yarns that all the backsuchkioned packages (odd mmbered
packages) have lover degeee of irregularity than the packages
spun without ecksuetion (even mmbered packages)
| The Figures 5.11 t0 5.14 shioved the irregularity variancew
length curves of all the cotton yarns spun, From thege figuveg
1t would be peen that thope packages gspun without tacksuctiom
are more irregular than thoge packages that are backguctioned.
It hag also been ghawn that those yarng that are not backsuctioned
have higher anilifude of irmregularity than their counterpart yarns
gpun with baoksuction, Ioth the srectrogram and the variance-
length curveg of the yarn maas shwwed Ind results for yarns not
backauotioned than thoge yarns spun with Iackeuotion. Thig agein
demongtrates the importance of backsuction in this type of gpinning

ayata!ﬁ.

LI Figures 5,15 to 5,18 ghoved the variance-length curves of all

e polyester  yarns spuns It was obmexved that the amplitude

.oi‘ the wave length irregula.ritj' of the yarns spun without backe
suction ig higher than thelr counterpart yarns gpun with backgsuction,
The variability in both cotton and polyester yarng follow the game

trerd tut backmuotioned polyester yarns diowed botter resulis than

backactlioned cotton yarng in termg of the anplitude of the wave
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length irregularity. Although, on averege, the C.Wi of cotton
yarng in general geemg to be lower than that of pdlyester yarng.
From the variance-length curve, it could e seen that some back=—
gpuctioned palyester yarng have higher C.V.j than gane packages
gpun without acksuotion, Thig trend wag algso obgerved for gane
cotton yarng as well, The reagon for thisg trend is not known and
it may probably be due to the camplexity of structure of open-end
frictlion-spun yarng,

The spectrogram analyglis of individual yarns ghowys that
Irregularity in these yarns are fram many gources guch ag periodio
variation, drafting waves and probably variation fram randam fibre
distritution, If the gpectrogram of the individnal yarn gpun in
pairs are congidered differerces in the degree of irregularity
exit between the backsuctioned package ard the package spun without
tecksuction, Packages 17/ amd 17/2 are spun under the game gpinning
megoure but package 17/1 was tackguotioned and 17/2 wag noty It
wes obgerved that package 17/2 containg more drafting wayeg than
package 17/1. Tor packages 17/3 ani 17/4 gpun under the same
gpinning pressure it was observed that package 17/4 possesseg more
periodic variations aml drafiing waveg than package 17/3, Thisg
can algo be seen fram their variance-length curves shown in Figure
5,12, For packages 17/5 aml 17/6, with package 17/6 which wag not
backguct ioned shows mare irregularity shapes of drefting waves in
nature than package 17/ that wag backsuctioned, Package 17/8
oontaing a lot and mare drefting waves than package 17/7 that wes
becksuctioned, Iackage 17/10 shows more drafting waves than package
17/9.

Irregularity spectrum or gpeotrogram of the polyester yarng
goun amd investigated are better than that of the cotton yarng gpun

and analysed. For packages 17/11 amd 17/12 goun under the same
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ppi.nning pressure hut with package 17/11 tacksuctiored and showg
legser irregulority charecter than package 17/12, These variationg
can algo be obgerved in thoge packages variance-=length curves giown
in Figures 5.15 and 5,18, The gpectrograns of packages 17/13 and
17/14 are similar but package 17/14 seems to contain more drafting
waveg than package 17/13 gpun under the same spiming pressure.
Iackages 17 A5 and 17/16 are spun under the same spinning pressure
but package 17/15 wag backsuctiored amd shows legser drafiing waveg
anl periodic variationg than package 17/16., Fackage 17/18 containg
more drafting waves hence more structural changes than package 17 A7.
Packages 1719 and 1720 are spun under the pame gpinning pressure
but package 17/19 was backsuctioned and it has got lower drafting
waves and periodic irregularity than package 17/20, The variance-

length curves of the two packages are similar ag shown in Fig. 5.17.
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GIAPTER 6

6.0, Introduction

Thia is the second part of these remearch warkg and is on
pame of the stpucture ard propertiea of open~end rofor=gpun yarnsge
For thig investignilion 4-llead BED 200 Rotor Spinning Machine wag
uged o spin the yorng analyseds The rotar spinner ig based upon
four standard heads of the renowned (zechoglovekian BD 200 rota
| gpinner and developed by Bradford University Research Limited.
Operating fram a namal danestic—lype, single-phase socket, the
mchine has a total conswmption of approximetely TKw.; 250V 50Hz
operation is namael. The range of openming roller aml rotar gpeeds,
wrn delivery rates and twigi and dmaft are essenlially those of
the full-pcale TD200 machire, The fiwvst three of thepe axe
ingtantly adjustetle over the full range via contimuougly variahle
controls whilst the draft is adjusted by means of small change=
wheels, _ . | -

Sliver in the mange of 2200 tex to 4000 tex iy drawn from
foor ecans of ma:d.nm gize of 914.40mm x 304,80mm, Fullegized yarn
packages having weights up to gprroadmataly 15kg are produced at
production rates up to 100m/min,, @ more dependent upon rotae
gpeed ard yarn twists The rota gpeed cen be set at any value
upto 40,000 2,p.u, rlus and the opening roller speed up to at
leagt 10,000 r,pet., While the standard change—wheels cnable
drefts between 36 and 225 to be employed on the spimmer, Modified
vergiong of the machire are now in the market, ln corparating such
fortures ag digitel display of {wigt or {echniques Lo the determin-
ation of mindlmm twist at which splnning ig possitle.
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6e1. Initial Experimentation

This research wark ig meant to determine the finnest counts
that ocan bte obtained fran the 4-lead BIR0O rotar gpinning machine
in our gpinning labaratary of the Department of Textile Science
and Technology, Ahmadu Bello Unlversity, Zaria, gSome of the
structural built-up of the counts and the yorns propertieg are
ptudied to forecagt the capability amd versatility of the rotar
spinner, To accomplish thig, fifteen different counts are gpun
fram the fincst count of 22.0 tex to the highest count of 32,2
tex, The fiuest count that could be obtained fram the machine
ig 22,0 tex ard it could be obtained with difficulties, The yarng
are gpun under different gpinning conditiong that can only just

allow the counts to be agpun,

642, Materialsg for Spinning

The materials used include the 4-iead HIR0OO rotor gpinning
machine itself, carded cotton gliver (5,062 Ktex) and a gliver can
fram where the gliver ig withdrawn into the machine, Detailed
infomation about the cotton gliver and cotton fibres used will be
seen under Appendix T 100% cotton fibre wag used for thig studies.
6.2.1, gpinning the Yarn Packageg

Bach count wag spun uging 5,062 Ktex gliver from only one
gliver can by using appropriate change-wheelg in place and adjust
the intermediate idler wheel, Thig is followed by selecting an
appropriate rotor speed and an appropriate level of twist expressed
in turng/me tre, The twigt level was divided into the rotar speed
to obtain the necessary yarn delivery speed. An appropriate open—
ing roller gpeed was then gets On thig machire, all the three gpeed
controlg can be re-get irrespective of whether the machine is running

or gtatiomary, At this stage the gpinner was gwitched on amd during
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the courge of gpimning re-adjustnents to the draft amd yarn with-
drawal gpeed were carried out to get the correct yrn count and
twist.

Spinning commenced by square the erd of the sliver anml fed
by hand into the plastic aondenser or sliver guide at the front
of the spinning unit, 7The yamm detector wag moved to the right
g0 that the warning 1ight could te extinguished and the feed
roller rotates., To agsist the inditial feeding of the gliver,
the plagtic condenser wag fressed againgt its gpring loading, and
the gliver to be drawn in wag allowed for a few geconds and the
yarn detectar was then releassds. When a gliver breaks or when
the spinning has to teke~up finally, the spinning unit was opened
by releasing the catch at the top left-hand side of the machine
and allowing the unit to open its firsgt position, when the rotam
has cane to regt, the ring of fibres fram the rotor was cleamed
using & amall paint brush. This can only b done when the rotor
hag cane to rest fully 1f not the action will damage the rotax,.

At this stage, the gpinning urndt was cloged amd a length of yarn
of about cm vas taken and ingerted the end of the yarn into the
yarn withdrawal tube at the top of the spimning unit and passed it
below the yam detectar wire, The yarn wag then allowed toc be
drewn into the gpinning unit by the suction which exigts, When
the yarn tengion wag felt %0 rise indicating that the yarn ig
eing rotated within the rotar, quickly but smoothly allowed
g few further centimetres of yarn to enter the rotar. #t the
same timejﬁle yarn detector wag allowed to move over thus gtarting
the feed, 2nd then immediately and gmoothly withdraw the yorn at
the same time inserting it into the withdrawel rollers and then
gollecting the yarn in hands. Whilgt keeping some tensions om

the yarri go ag to mrevent it lapping around the rollers, the yarn
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was then dropped on to the spwl, previousgly placed in the {ake—
up armg amd brought into contact with the winding drume, It was
then ensured that the yarn glarted to wind on to the sgpool and
did not lap around the drum,

An altemative technique which could be uged algo is 10 uge
a spool which has had @ few metres of yarn wound onto it, This
yarn will then be ingerted in the winding amm and will be followed
by the use of the technique of piecine afler an enxd breakage.
The counts spun include 22,0 tex, 23.3tex, 24.5 tex, 24.8 tex,
25.1 tex, 25.5 tex, 27.2 tex, 28.6 t&x, 28.7 tex, 29.7 tex, 30,6
tex, 31.5 tex, 31,5 tex, 51.9 tex anl 32,2 tex under different
spiming conditiong shown in T'able 6.1, "These counts are designed
in thig experiment in such a way that the preceeding counts are
the possitle counts next in fireness that can te obfained jusi
befare the receeding counts. For example, since 22,0 tex ig the
mogt firenegs count that coan te gpun fram the machire while the
rext fine count pogsible ig 25,3 tex and that ig why 23.7 tex

followed 22,0 tex and the whole counts spun follow that route,

622, Spinning Conditiong Applied

The different spinning conditions used o gpin the countg
are ghown in Table 6,1 telow, In sane cages the spiming
conditiong are gimilar for gane countg while for game countg the

gpinning conditiong are totally different.
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S ' Robox Opening  spilmming Upper & Twist

| Packages Count Syeced Roller  Gpeed ' Lowex (Tarns/

1 I - Texd  (RaDPull) ?gfﬁl'i-) (idiin,) Dwaft &rg;e Metre)

: : Wheel

1 22,0 22,000 7,000 2944  228,7 40, 100  941.0
2 23,3 22,000 7,000 245  217.3 40, 9% B8O
3 2445 22,000 7,000 24.3  205.8 40, 0 94,0
4 24,8 22,000 7,000 24,1 D33 45, 10 9130
b 25,1 22,000 7,000 239 19404 40, 8 936.0
6 2545 22 000 7,000 247 186.5 45, %H 800
T 22 BP0 7,00 27,8 1629 45, P 899.0
B 28,6 30,000 7,000 344 1739 50, 9% 872.0
9 28,7 25,000 6,000 32,5 172,88 45, 8 769,2
10 29,7 25,000 6,000 330 1647 50, 90 757.6
11 0,6 25,000 6,000 33,5 162,6 45, & T46,0
12 31,3 25,000 6,000 $H.L  155.6 55, & Ti&l
13 315 234000 6,000 34,5 1581 55, B 7250
14 31.2 25,000 5,000 5.0 152,5 45, 75 7000
15 32,2 25,000 6,000 36,0 149.8 55, 9 69,0

Talle 6,1, Srinning conditiong applied,
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€42.3. The Irocess of Mlacingdin After an Bnd Dreakage

Lg mentioned above, the most popsilble fine counts that can
e obtained from the rotor gpinrer are the packages spun. lue
-to thig a 1ot of end breakages are experienced during the actual
spinning operations. In fact, piecing 4P is effected by open=
ing the gpimming unit followed by bringing the rotor $o rest and
¢leaned it with 2 mall wrush, At this stage the unit will then
be cloged and the yern package raised so that it remaing raised
and the end of the yarn fourd amd pulled stme yarn fran the
package, It will te found that in many cases the end has a long
tapered form (a 'Ptap;ar treak® , followed by breaking some 20oms
a more from the end, Sufficient yarn was then pulled from the
package so that it can e held in the left~hand, wall to the
left of its normal position, and inserted into the yarn tube ag -
| befare, The left-hand wag then moved to the right and allowed
the yarn 40 ts drewn into the rofor ag before go that the yarn
rath ig more or less direct from withdrawal tute {o package jua‘l;.
ag the tengion rises, Ag thig happened, the yarn package wag pull
down onto the dmm firmly with the ripghi-hand go that withdrawal
can gtart immediately. It frequently hgppeng that spinning
regtarte without the jarn passing between the withdrewl rollers
and 1% can be guided into pogition later, The traverse guide
ghould phok up the yarn of its own accorGe

In rotor spinmdng, there are two reagons for unsuccessful
gttempt 2t piecing, Flrstly, either the yarn was not allowed
to be drawn f8r enough in or it wag withdrawn too goon mo that the
propar contet wag never egtablished with the fitre band in the
rotae groove, Secondly the yarn was fed in too far or not with=
drawn quickly enough, cauging over~twisting uniil the yarn tresks,

leaving e short length ingida the rotar, In this situation, it ig

advigable to 2lways open and reclean the rotar after any unsuccess—

ful attempt.
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6.3¢ Tegting Techniqueg

The bagic properties of the yarns gpun are tested and

evaluated to as3ess the acceptability of the counta.

" 6.3.1. Meagurement of Single arn Strength apd Bxtension ay Break

To determine these, e type of tenaile gtrength tester was
uged, Thip is Goodtrand Tester which works on the principle of
pendulum lever. | |
The Goodhrand Tester which works on the rinciple of pendulum
lever ig the {ype of machine mogtly found in fextile mills today
all over the woarld and in Nigeria in particular. llere, the teasted
gpecimen was clamped in the upper aml lower jawsg of the ingirument.

e upper Jaw wag attached to a gteel tape which rung over g small

plley of & certain radius. The lower jaw wag given & constant

rate of traverse in a dowmard direction by a screw medhanigm,

The small pulley wag pulled round amd in doing so swings the

pendulum fram the vertical when the mrchine wag sterted. In doing

g0, the tegted yarn gpecimen began 10 exiend until vhen it'fimlly
broke and the pendulum stopped moving. The breaking lcad and treak~
ing extengion of the pmples are then read off fram the dial of the
ingtrument graduated in ounces and indches regpectively. These old
unit systems were then converted to metric unit gyctems using
conversion factorss The test length for each sample was 500mm

ard the whole testing procedures are carried out according to the
ingtructiong given by the mamfacturer of the ingirument, Five
tegls wirecarried out for each sample 0 congerve yarng while the
average mean results and the coefficient of variations of the
reml tg quoted far both reaking load and breaking extensi on.

The regults are ghown in Taltles 6.2 amd 6,3,
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6e3e2e Single Yomn Strength Results

Packages Count Moan Bregking 'l'enaciby Coefficient of
(te¥) Toad (8 (ef ftex)  Variotia
_ _ Preaking Load (3

1 2.0 851 D0 0
2 23.3 06,7 A58 1.5
533 ' 25 1188 A2 129
4 a8 T 46 30
5 B Mz 4T 15,1
¢ 25,5 1192 467 19.9
7 22 . 1355 5,72 15.2
8 26,6 156,2 476 13,6
9 287 16,9 4,03 12,2
10 29.7 - 15%2 . 5.6 16,6
11 .6 1476 4082 1342
12 3.3 ML6 472 16,1
13 315 153.2 4.8 . 16.6
4 3.9 149.8 469 22,8
15 322 146.4 455 29,3

Tatile 6.2, Single yam strength results.
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Packigen Cowb

Mean DBreaking

Copfficient of Variation

tex) Extension ()  Breaking Exiension ()
1 22,0 5045 6437
2 23,3 4469 To
3 24,5 5024 5e46
4 248 5,08 o
5 25, 1 4457 42,12
6 2545 546 6439
| 7 27,2 6,09 50 T0
: 28,6 5e 50 5071
9 287 4.95 5.73
P 29,7 5.T1 T.86
7 046 5o 0 10,97
1233 5,71 8,83
13 3145 5471 13,60
1% 31.9 5.52 10,00
15 32,2 5,33 6,52

Tatle 6,3, Single yarn strength results continued,
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643234 The Iea Strength Lesling

In many sections of the textile industry, especially the
dlder gectiong of wool, cotbon, and f1ax, the lea or hank test
on a pendulum lever tegter is the standard method of meaguring
the gtrength of the yarn,

Testing Procedwre: Lo carry out the test, a lea of yarn
(120ydg) , with its starting amd finighing ends knotted, was
placed over the hooks of a lca tester. The lea tester used was
called XIM. Ag the lower hook descended, a load was imposed on
the loops of yarn constituting the hankk, At gume point one of
the threads broke, yel the hark remainsg intact ard capable of
sugtaining further loading. Daring thig process, the hank
guffered a guecceggion of thread twesksg 2rd ultimately became
umhble to gugtain any further increage in loads when this happened
the pendulum gtopped moving and the maximum load was indicated on
the dial, the lea sirengith of that particular hant., At this
point ore hasg to noi:,e that only a fraction of the total munber of
threads between the hookg have actually wrdken. The end-poinilof
the tests is determined by the mate at which the hank unravels ag
the threads Wweak, Al the lirst few breaks, the rate of wnravelling
was gmall, ihen ithe rate of umravelling equals the rate of
separation of the howks, the top hook has to be gtopped ani the
miximum load mugt have been reiched, 1'wo gampleg are tested for

each paclage. The resulls are shown in Tahble 6.4,
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_. 6e3ede DLea Gtrength Resultisz

| Il.E'

S-S - W oY ch
| (C.Cq)  (1p (Greing
. 1 1 26484 35400 34400 959440
Y2 B34 36,00 35,00 912,24
BIEE 24,10 38,00 38,00 915,80
J 4 23,81 42,00 38,50 1000,02
s 23,52 45,00 40,00 011,36
L6 2mI 400 00 949,15
' 7 21.70 48400 42,50 041,60
’! I e 20,64 47,00 43.00 970,08
9 20.57 46450 44425 956451
10 19,88 500G 48,90 9940
11 19.29 48,00 45,00 925,92
12 18,86 48,00 51,50 95,28
13 18,74 51,00 51,00 955474
Ll 14 18,51 51450 51,00 953 27
SRR 18,34 52,00 51,50 953,68

© Talle 6.4, laa strength results.

1 ' i
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6e4e Yarn Byennegs anl Imegularity leasurccmertd

The evennegs and irrvegularity of the fifteen packages gpun
were evaluated uging Usglter evenregs tesber. ‘'he tesls are carried
oubt accarding to the instructions given by the mamfaciurer of the
inatrument, The instrument cannot evaluate the mmber of thick,
thin and reps in the yarn properly amd therefore gave the Uy of
the yarng only.

Testing particulars are ag follows:

Tegt length: 25m
Material speed: 25m fnin,
nagram gpeed : 25m/min,

Evaluation time: 1 mimte,
Two pampleg are {esled for each package.

The regulis obltained are ghown in Tahle 6.5
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6.4.1¢ Yam Evemmess and Irregularity Reglta,

Packages Count lolsture Conlend Mean U % (9

(ten) 69
1 22.0 545 12.72
2 2343 5e5 12,73
3 2405 640 13,24
4 24.8 - 5ab 13,22
5 251 5e5 | 12,56
6 2545 6.0 12,73
TR 27.2 6.0 11,43
8 28,6 6.0 12,
i 9 28,7 6,0 134
10 29.7 640 ' 17.86
11 X,6 - 6.0 10,88
12 313 6,0 13.67
13 31s5 6.0 12,56
14 31.9 6,0 12,3
15 32,2 565 11,44

Talle 6,5, Yarn evenness and irregularity results.
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6o5s Iliscugsiong of Regults of Properties of Open—HEnd Rotor—
Spun Yarns

It hag o be remenbered that the fifteen padiageg or counts

gpun and evaluated are used to gee how versatile the OB rotor
gpinning-machine in this gpinming laboaratory of the Departmernt

of Textile Science apd Techndlogy, Ahmadu Dellio Unlversity, Zaria
ig and may not necegsarily be employed for cammercial production,
If we campared packages 1 and 2 with counbs 22.0%ex anl 23,3tex
"res.i)ecﬁvely in terms of strength it wag found that package 1

with 221ex has a lower strength of 3,87gf/tex than package 2 of
25,3tex which has got a glrength of 4.56gf/iex. It is expected
that the finer yarn which hag 22tex supposed to hawve higher
temoity than the 23,5tex, The reason for thias may be due to
gtructural veriationg of the two packages. In the cage of
packagg’ and 4 which have 24.5tex and 24.8tex respectively
ghowed a different trend in their teracity with the finer count
gpve the higher temacity of 4.82gf Aex than the coarger count
which gave 4.46gf/tex am expected. The game trends are giown by
packages 5 anl 6 whereby package 5 (the finer count) showed higher
terrcity in the order of 4.75gf/tex than packege 6 which has gub
4.67¢f frex.
If the strength of all the packages ate ¢ongidered together

it was found that the most finenest count (22tey} has the least
gtrength. This my probkably be due t0 many end treaks encountered
dur ing spinning operationsg of the package. The results alge showed
that not only the count that will detgrmine the strength of rotae-
grun yarng tut alad the structural properticas e.g. twist of the
‘yarng, Since many finer counts are found to have lower tenacity

-than their coarser counts counterparts, The highest tenacity of

- 5.72 gfAex wan given by package 7 with a count of 27.2tex, 'The

g teracity of the y:rns are not far fram each other, suggesting

i
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good gpinning operation and thig can be obgerved fram Table 6.2,

The highest coefficient of variation (29.3)) of the yarns
breaking loads was given by package 15 which has the highest tex
value (32.2tex) » while the least coefficient of variation (0})
of the yarng breaking loads wag given by the most finer count,
package 1, Rackages 1 the most finest count (22tex) which showed
the least temicity demongtrated high breaking extension in the
order of 5.436 when campared t» other yarnse. 7The package 7
which gave the highest tenacity algo ghowed the highest Wreaking
extengion of 6,09« Thig ghows that strength magnitude is not a
factor that detemmineg the magnitude of yarn Iweaking extenaion
in OE rotar—gpun yarns ag ugually thought of, Also, if we compare
the packages in pairs e.g. packages 1 and 2, 7 and 4 etoc. as shown
in Table 6.3 it will be found that nearly all the finer packages
have higher breaking extension with the least breaking extengion
given by package 2, The highegt coefficient of variation (3) of
the packageg Wreaking extension wag given by package % in the
order of 42,12% (too much high) , while the leagt was given by
package 4 in the order of zero percent,.

In the cage of lea glrength of the yarng, if, ingtead of two
hodkg that are used the y2rn had been looped round 8 pairg of
frictionlegs pulleys, then ag goon ag the first thread twoke the
whole hank would unmravel. In the normal test, therefore, it ig
the mresence of frictional farces between thread and thread, and
thread and hodk, which regiricts the unravelling of the hank,
Hence, the 1ndicated’ strength is a canbimtion of a camplex
canpogite gpecimen tegt plug a measure of the frictional
properties of yarn in hark form and yarnfhook frictiom, The
inter-yam friction ig increaged by any twigt put into the hank
as it ip placed over the hockg ar if the threads are unched on

the hookg, Iergonal errorg are thug liahle to areep in,



1%

Aro ther thing here, ig thot urequal tengiong in the threadgs of
the hark will resvlt in a lwered strengih becauge the tighter
threads will treak tco goon, The frictiomal forces present in
the lea test reduce the gengitivity of the test to the detecltion
of weak places in the yarn, A yarn which is generally weak will,
of courge, produce a low lea gtrength, tut the pregence of an
almarmally weak pl-.ce in ore of the threads may escape detection,

It mugt te understood that there is no gimple propartional
relation tetween the hark breaking load and the gingle~thread
gtrength, a limiting factor in the usefulregs of the lea test.
Iea gtrength testing ig meinly used for routine testing of yarns
and cammonly used in indugtrieg, The lea test is adequate far
routine job beceuse it ie pengi tive encugh to detect 2 change
in the yarn quality. Invegtigation of the cauge of the change
may then be made with the aid of more refined testing ingtrumentg
and techniquess

Fran the results of these invegtigationg, the package 15
giowed the highest lea lreaking leoad whereag package 7 showed
the highest breaking lcad in the gingle-thread sirength testing
method, It is surprising that the most ccarge yarn gave the
highest breaking load in lea gtrength testing, For mogt of the
counts spun the higher the cotton count the higher the lea lweak=-
ing load, The yarn package 15 which gave the highest lea hreak=-
ing load algo showed the highest weight (51.5 graing of all the
yarns, All thepe are ghown in Tahle 6.4, The highest count-
strength product was given by package 7 in the arder of 1041,60C.C.1b
and it was the same package which gave the highegt Ireaking load
in gingle~yarn girength tesling, This means that the two testing
techniques shoyed the actual gtrength behaviour of the packages.

The lea gtrength was algo fourd to be increaging with the lea
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weight as shown in Pable 6.4. Wwhen asseasing the cheracter of
cot ton y@rns, the roduct of the eount and the lea gtrength is
a useful meagure of the merit of the yarn frum a girength point
of view, The count-sirength product, C.S.P., enahbles comparigong
to be made belween yarns of gimilar, Wt not necesserily identical,
count, |

The concept of the Ce3.Ps is used in spinning tédlmlog
t¢ derive an index by which the gpinning quality of a cotton
yarn la judged or th.é spinning efficiency cof a particular system,
In these investigationg package 7 showed the highest quality
index due to its high count-glrength product. But, ag the count
of & yarn btecaneg finer the C&.1. f8llg, therefore at a certain
count the C.S¢P. will te equal to the standard. (Standard C.S.P.
value g have been chogen, 2000 for carded and 2,250 for canbed
yarng) « This count iz then termed the highest standard count,

The resulte of irregularity and evenrezs measurenent of the
fifteen packages spun shoved that the irregularity magnitudes or
values of the yarns are very gimilar to each other with the
exception of package ten which hag 7.86% Ulie The intermiional
accepted U% value (maximum) for ceotion 6pen-end gpun yarns is
126 The remults showed genezally that the higher the tex oount

of the yarns the lower the irregularity and hence the U%. The

"highest W% value of 13,67 was given by the package 12 with a

count of 31,.3tex while the smallegt W% value of 7.864% was given
by package 10 which has got 2 count of 29.Jtex. The Uster
irregulority tegter used cannot evaluate the number of neps,
thin and thick places in the yarng properly amd that is why
thelr magnitudes or values ane not quoted.

The valuves of moiglure content of ile packages are more or

legs the gpame with a highest value of 6.0% given by the majority

of the packages while the smalle st value of 5.% was given by the
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remaining yarns. The yarn packeges are not conditioned fox
evenme g anl irregularity testing since we wanited toc gee hoy the
yarneg will behave in practice in terms of appearance anl algo 10
see if the yarns meeti the interratiorml gquality of evenness and
Irreguiarity of cotton open-end spun yrng,.

‘The Figure 6,1 ghowed that the yorn tenacity increages with
the pogsitle tepems in the gtructure of the yrng and later fallsg
out, Relationghip between treak ing extension and yorn countg
ghown in Figure 6,2 ig difficult to interpret gince sane fine
court g showed higher Imeaking extension than gune coarge countg
and vioce=verga. Spinming gpeed increages with increage in yarn
tex ag shown in Figure 6.,35. Generally speaking, the Uf decreases
248 the yarn tex increages except only ome package which showed the

highest W at a yarn count of 31,35tex ag shown in Figure 6.4,
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CHAPI'FR T
OICLUSTONS

Tele Twigt in Cotton Open-End Friction-Gpun Yarng

Prom thege invegligations it can' be concluded that in open-
end friction gpimning of cotton yarng backsuction should be emjloyed
to improve the efficiency of twist rumning along the length of yarng
arl to increage the amount of tepeme in a given yarn. The magni tude
of spinning pressure to be used to give high tep.me mst be
investigated through pilot spiming operationg becauge thisg research
hag shown that the amount of gpinning pressure will probally affect
Wwist multiplier, Genemlly, te.peme in cotlon open-end friction=
gpun yarng varieg so much that even on the game package large
differences are found, Thisg condition is a contributing factor
to the low perfomance of cotton open-end friction-gpun yarng,
sane pectiong in thege yarns are hard-iwigled while other gectiong
are goft-twigted leading to problemg in gpiming operationg and
thig affects the overall texture of the yarns,

Pregence of wrapper filres on the gurface of cobton open-
end friction=gpun yarng contritubes to the large twist veriationg
along the length of the yarnse Since wrapper fibtres can obstruct
the eagy and adequate flowing of twists during twist ingertion go
the places of high wrapper filres concentration will experience
lower t,p.ms while areag of 1w wrapper fibreg concentration will
experience higher t.peme The mature and formation of thesge
wrapper fibres on the gurface of open-end friction-gpun yarns
must be fully understood in other to find meang of minimiging

their effects on twigt ingertion,
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Telels Diameber of Cotton Open-Bnd Rriction-Spun Yarng

Backguction reduceg the diameter of cetbton open-end friction-
spun yarng and makeg the yarn finer, though the presgence of
wrapper fibres on the surface of the yarng will influence thisg.
Large differenceg exigl in yarn diame ter between the backsuctioned
packages amd the packages gpun without backsuction, Yarn diametersg
of 042333mn, 0,193%mm and 0,1666mm are mare in the gtructure of
backsuctioned cotton yarns invegtigated., mMut, in the cage of
cotton package gpun without backsuction a diameter of 0,2000mn
wag mare in the yarn giructure. The yarn twist angles and
diameter of cotton open-end friction—-gpun yarns are very
irregular in the yarn glruciureg.

Tele2s Twist in Polyegter Open~End Friction-Spun Yarng

Backguction hag tremendoug effects on the twist characterigtica
of polyeater open-end friction—gpun yarng. The application of
tacksuction increageg the amount of twigt in polyegter yarns and
the magnitude of gpinning pressure employed during spimming will
algo have effectgss The twigt characteristics of open=end friction=-
gpun yarng determine the physical behaviour of the yarnsg, These
twists vary so much in both backsuctioned and non-becksuctioned
packages but the variationg are mare for non-backguctioned packiges.
Bcksuctioned polyester open-end friction=gpun yarns have higher
Wwist angle than their counterparts spun without ckguction,
Backsuction reduceg the diameter of the polyester yarng aml makeg
the yarn finer, DBoth the iwist angles and diameters of polyester
open-end friction-gpun yorng are too much irregular even on the
pane package and worgt far non=backsuctiored packages. The
differenceg in the twigl angles and diameters between backsuctioned
and non-becksuctioned polyester yarng are lower than the difference
in tepems between backsuctiored and non-teckgucti med packages,

This is due to the canplexity of the gtructure of open-end friction-—



161

ppun yarng ani to ithe complexity of yarn formation mechani.cg.

" The magnitude of the spinning pressure uged will have bearings

on both backsuctioned and non~backguctioned packegeg in termg

of their f,p.me. tut the effect ip more on tAackguctioned packages.
Open-enxi friction-gpun yarng of exitremely high twist levels

are produced wiih backguction cambined with high spimning pressure

€ege 1320,8mm head of water, DBub, yarns spun under a gpinning

pressure in excess of 1320,8m may not show increage in twist

" level along the length of the yarng, Iackages 17/13 and 17/15

ghowed thig, gince the mechamnies of twist insertion in open=-end
friction~gpiming gystem is very camplicated, therefore other g

Pactors other than higher gplming rregsure my be responsgllhle

for thige, Other contributing factars are not known yet, hence

more work is regquired in these area to understand the mechanios

of twist ingerdion in this new gpimning system, Froam thig
investiget ion, we may sy that there is probally a maximum gpinning
pressure at which polyegter open—end friction-gpun yarns are hard-
twigted, above thig pregsure the tap.me would be reducing hence
changeg in the gtructure and popertieg of the yarng, Dackguction

anl the magnitude of spinning pressure used during spiliming operations

 would have significant effects on the structure of polyester operm

end Triction=gpun yarns.

Tels3. Diameter of lolyester Opsn=fnd Friction=Spun ¥rns

Suinning pressure &t higher value ithan 1219,2mm head of water
roduces the diameter of polyester yarns amd mkes the yarng thinner
and fimer, This can te observed in Talle 3.1 with packages 17/12,
17/14 and 17 /16 that were spun without backguetion ut under
different spinning pressures. DBacksmction further increases thig

effect of higher spiming pressure on the Jdiameter or fimenesg of

- polyester open~end friction—-gpun yarns.
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The diamelers of pelyester open—end frictlon-gpun yains are
not conalstent at all even on the same padiagE.
The trends of diametler variations of polyester yirns are worst
for packages gpun withmt backsuction hence more gtructural
variations of non-backsuctioned packages. The yam twist angles
and diameters showed extremely poor correclation ag ghawn in
Figares 3.2 10 3.4 which again showed the magrdtude of internal
variationg existing in polyester open~end friciion-gpun yarng.

This degree of currelation between the natural {an, of
twigt angles and yorn diameters ig poar for the yarn gpun without
ackauction, Proknbly ithe presence of winpper fibrea on the

surface of these yarng may bte a conlritating factor.

Telade Fibre Utilisation and Fibre Orientation in Cotton Open=-
Ind Friction-Gpun Yornhg

Fibre utilisation and fidre orlentation in cotton open-end
friction gpun yarng are poor amnd hence the spiming system is
poor for the productien of cotton yarng, 'The Tilre orientation
ig worgt for the cotton yarns spun without backsuctioned which
meansg that the spinning gyslem ig not adequate yet for the
gpinning of cotton yarns. Hlre utilisation in cotton open~end
friction=gpiming system is too 1w but improved a it with
mckauetion though gtill low for commercinl utdligation, The
atmighfened fibreg in tecdkgsuctioned cotion open-end friction=
gpun yarng are more than those in cotton yarns that are gpun
without backsuction, Many entangled fibres are found in thege
yernsg and the condiiion ig warst for the packages spun without

backsuction,
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Tele5. Fibre Utiligation and Fibre Orientaiion in Polyegter

Open—iind Friction=jpun Yarng

The conditiong of fitre orientation and fibtre utilisation in

polyegter open-end friction=gpun yarns are belter than thoge found
in cotton open-end friction-gpun yarng., DBacksuction improves fitre
ulilipation and filwe orientation in polyester O0=E friction-gpun
yernge. Fibre extent is higher in polyester yirns spun with
tacksuction than those gmun without backsuction, The magn tude

of gpinning pressure used may prolably be a contributing factar

to the inareage in filre extent canbined with backsuction,

Telebe Yarn Hairinegs in Open=End Friction-Spun Yarng
Thig invegtigation hag shown that backsuction in open-end

friction-gpinning gystem reduces yarn hairinegs and makeg the yarn
a bit smcother than the y.rng gpan without backsuction, Thig ig
applied to both cotton amd polyester yarns investigated with the
exception of only two polyeglter packages which ghowed the reverge
cage,

TelsTe Irregalarity in Open-End Friction-Spun Yarng

It may be concluded from the results of thege invegtigationg

that backsuction reduces the mumber of thidc and thin places

present in both cotton amd polyeater open-end friction spun yarns,

The effect is more for polyester yarns spun with backsuction and

the magnityde of spiming pressure hag no effect on this, Also,
there are fewer mmber of nepg on packages spun with backguction

than thoge spun with.out backguction, We may protelly sy that
backguction minimiges the occurence of neps on the surface of open-—
end friction-gpun yarng, The coefficient of variationg of irregularity
of both the backguctioned nckages and the packages spun without
backguction are difficult to say which one ig better than the other.
Since higher C.V. percenitage values are founl for game non=backguctioned

packages than their counterparts spun with backguction and for gome
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backsuctioned prckages higher C.V. percentige valueg are obgerved
than for their counterparts spun without backguction, The study
of gpectrogramg of open—end frictior~gpun yarng have shown that
irregularity in these yarng are fram many sources e.g. periodic
veriation, drafting waves ele, But, generally the yarn evennegs
is very good, 'The index of irregularity of both the trcksuclioned
and non-backguctioned packages followed gimilar trends mentioned
under the C.V, percentage values weilten above, The anplitude
of wave length irregularity of backsuctioned cotton yarng is
lawer than thoge cotton yurnsg spun withoul backguciion,
Bicksuction reducesg the amplitude of wave length irregularity
of polyegter yarng also,
TeleBs Tengile Troperiles of Open-End Friction-Spun Yarng

Backsuction improveg the tengile characlerigiics of both

cotton and polyegter yarng anl therefore increageg the hreaking
force, wark f rupture anl tenzcity of the yarng, ‘the effect is
higher for polyester yarns, From these findings, it may e said
that open-end frictlon=gpinning gystem ig more mraniging for the
production of polyeaster spun yarns than for cotion yarns, This
invegtigation hag proved the Zweigle apirictug unveliable to
measure the abgolute twigts in open—end friction-gpun yarng, The
optical method gave the true twigts in open-end friction-gpun yarns,
though, it is a time conguning method. The higher the meagured
tePems the higher the teracity of the polyester yarng for both
the backguctioned and non-backguctioned pickages, Bubt, the effect
ig higher far backguctioned polyegter packages., Temreity algo
increages with increage in filre extent far both Mackguctioned

and non-backsuctioned polyester packages tut the effect
ig higher for backguctioned packages. In cotlon open=end friction-
gpun yarns tenacity did not increase by increaging mca.a'u.r:eJ topell,

values but remaing mare ar less the same from g tepome of 925.0,
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For polyester yorns, elongalion at break increases by increaging
the fibre extent and the effect ig more promounce with backsuctioned
packages.

Increage in yarn diameter increasges the fibre extent marginally
for backsuctioned polyester yarng, while the opposite is the cage
for non=backguctioned yarns, The temcity of both backsuctioned
and non=packguctioned polyegler yorns increageg steadily ag the
calculated tepem. increases as expected. The stress/strain
behaviour of cotton 0-E friction=-gpun yarns is not encouraging at
all gince the yarng contain a lot of kinkg along their lengths and
thepe kinkp weaken the yarns, The stress/irain behaviours
perfomance of polyegter yarng ig better than that of cofton yarng,
The polyester y2rns gpun without backsuction contain more kinksg and
weak places ag shown in their gtress/strain behaviour greaphs than
the packages spun with brckguction,

Tele9e Technological Congiderationg

Hardly any other gpinning system known today offers the weal th
of possible variationg affecting yarn siructuwre and yarn data as
deeg openeend friction—gpimning, Higher gpiming speeds are
physically anl technologically possible campared with conventional
aystemg, If we campare the yarns spun by various routes, it is
apparent that 0= friction=gpiming is not to be over looked among
the imovatory procegseg. However, every rew technical devel cpment
needsg time to mature ami this is egpecially true in view of the
camplexity of this new spiming system, The evidently impending
diversification of spiming techndlogieg ig of great congequence
for tuilders and buyers of textile machines alike, When digcugsing
the requirementis to be met by the gpun product amd the respective
technological capabilities, special attention must be given to the
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high machire development cosgts and the economicg of the new
gpiming systems for the gpimmer. In this new gpiming pystemg
the fibres are digoriented and the fibre extent is extremely
low, thege lead to low strength of the yarng, Meang of partly
gtraightening partiong, at leasgt, of the filbreg are required to
obtain the temacity meeded for full commercial guccegs, If only
the tenacity can be improved, the good handle anl evenness of the
yarn would provide an acceptatle productse

The open—end frictlon=gpiming gystem will certainly reed
peveral more yearg of develomment befare large=-gcale industrial
adoption becomes possihle, go that O=E roior gpimning will retain
ite undisputed place begide ring=spirming.

To2« LConclugiong on the Slructure amd lropertieg of Open—fnd
Rotor-gpun Yarng

It may now be comcluded that the mactical fimnest count that

can be obtained or gpun from the BIROO rotor gpiming machine
ingtalled in the gpinning laboratory of the Department of Lextile
Science aml ''echnology, Almadu Bello University, Zaria ig 22,0tex,
Thig is achieved with many difficulties since 11 was not eagy to
gpin, FPram a count of about 25,11ex, the spinning process becane
eagier and no mare ends lreakage, Spiming from a count of 30,6tex
became more edgy and smeoth while spimdng at a count of 32,2%ex
hag no prohlem, Thege regearch works hove estahlighed the
vergatldli ty of the spiming machire in termg of the ccuntsg that
can t spun from it, The amount of tuists in the structures of the
yarng verieg with count, gpimning speed anl draft and the tehaviour
of the yarns will depend on these paramelers ar foctors, Thig ig
shown in Talile 6.1,

The tenacity of game finer counts are lower thén gane coarger
counts probably due to many ends hreaknge accamnpanied the production

or gpiming of finer couniss Due to the presence of thege weak
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points in the gtruclwres of finer counts or yarns, reduction in
strength will follow, The highest tenacity was given by paclage T
with a count of 27.2tex in the order of 5.72gf/tex. The temacity
of all the fifteen packages are notl far from cach other suggesting
good spiming procedures. ‘The most coarse count or yarn (32.21e3)
ghowed the highegt coefficient of variation of the Wreaking load
while the finenest count (22.0tex) showed the leagt coe fficient
of variation of the lreaking load., 'The gime package 7 which gave
the highest temcity algo shaved the highest breaking extengion
in the other of 6,09(, Iearly, all the fine counts or packages
with the exception of package 2 ghowed high treaking extengion,

Package 15 ghowed the highest lea hreaking load (52.01bg)
whereag package 7 give the highest count—gtrength product in the
order of 1041,60C.C. 1b and it was the same package which gave the
highest temacity., 'The package 7 with a count of 27.2tex gave the
highegt quality index of all the yarng, It may bte gaid that the
higher the tex countg of the yarng the lower the irregulariiy and
hence the U)% of the yurng, The highest Ui (13.679) was given by
a count of 31,31tex anl the value ig not far fram the international
gtandard which ig 126 The temmcity of the yarns ircreages with
tepem, to certain point and later on falls down, suggesting that
there ig prolatly a maximun t,pem., aboye which the girength of the
yarng will be reducing, The relationghips between lbreaking
extengion ard yorn counts shown are very canjilex to interpret tut
it may prolably be said that the finer the yorn ccunt the higher
the hreaking extengion of the yarns,

Increage in yorn tex increases the gpinning gpeed possilie
and reduces the yarn irregularity in terms of Wi
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APPINDI G5
ATTONDIX X

Material Detailg

The details of all the materialg used for thisg research work

are given below,

Cotton Fibres

The count of the sliver used for cotton yarn gpinning wag
3 gn/m, while the mmber of draw frames was four and the draft was
150, ‘he micronzire value of the material (cotton fineness) was
4.3 with a gtaple length of 32mm,
Polyegter Filwres
F The count of the polyester filre used was 1,3 decitex, while
the count of the sliver used wag 2.8 gn/m with a total number of
draw frame of 4, The mumber of draft used was 140, The polyester
fibres are algo in slaple fomm with a gtaple length of 72mm algo,
Tracer Fibre Pariicularg

The tracer fibre has a count of 1,5 demier and a staple length
of 32mm obtained from Framce, The fibre wag made from viscoge rayon
amd dyed black. The amount. of tracer filre used in the ulk material
hag to be emall amnd it wvas extremely gm2ll in the order of 1%, 'Thig

amount wag adequale for twist investigation to bte carried out properly,
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Rotor and fibre particulars for OB rotor spinuing are ghown _

below:
' Rotor lnmer diameter
Iictor outer diameter

Fead roller diameter

Delivery roller diameler

Fibre length

Pibre micronaire reading (finnegs)

gidver count

5« 55cm
T«.21cn
2. 5cm
5e33cm
2.,700cm
3 «82cm

5.12Ktex

APPENDIX IIX

The straight line equations and linear correlation coefficients

(r) rar both cotton and polyester packages analysed for twlst

inveatigetima were shown halow.

i Package Straight Iine Bquation Correlation Coefficient (r)
COT1Y 3 =02BX 4 0,29% 0.2281
LY F=1.2788 4+ 0.1026 0. 7831
17/11%  y = 0.4568%  + 0.4432 0,2200
17/12 ¥ = 144330X + 0,2197 0,500
COAT13* ¥ = 1.5014X 4 0.22%0 0.6878
. 17/14 ¥ = 0.9908%  + 0.2648 0.7397
C17/15%  ya 162528 4 0.1315 0.6874
17/16 ¥ = 0,6206X 4+ 0.2734 0,3055

S

Packages 17/1 =nd 17/2 were cotton while the remaining packages

were polyester,

#Backsuctiamed packages,

R -,
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RPPENDIX T
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APPENDIX N1

qe. | 7/ Ccotton)
1~r=33}L1cL1ﬁ'+11‘gr42c§¢1ﬂﬂ1
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APPENDIX U

'C glemeatic diageans of Jextechne .g'ﬁﬂ-(—fmm;'('
M Tesd Maclitne
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HPPENDIA VUL

MC) HISTOGRAM: ELOMGATION (M- 26)
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APPENDIX AR

HISTOGRAM: ELONGATION (M- 26)
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