Quality of Cotton Yarns Spun Using Ring,
Compact and Rotor-Spinning Machines.

Abstract

This work presents an analysis of the quality peaters of cotton yarns with linear densities
of 15, 18, 20, 25, 30, and 40 tex manufactured thiéhuse of ring-, compact-, and BD 200S &
R1 rotor spinning machines. Slivers and rovingsioied from carded and combed middle-
staple cotton were the initial half-products. Weedmined the functional dependencies of
selected fundamental parameters of yarn qualigh s tenacity, elongation at break,
unevenness of linear density, hairiness and thebeuwf faults on the yarn’s linear density.
The dependencies assessed allow us to calculatgi#tiey parameters of cotton yarns for any
given linear mass, and enable the modelling of pamameters for different carded and
combed yarn streams spun with use of the variommnsy machines which were the object of
this research.
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Introduction

The process of converting fibres into yarn is ca®phnd requires many investigations and
new technical & technological solutions. The impaorte of this problem is confirmed by the
publications of foreign authors. EI-Mogahzy worladthe broad field of questions of yarn
engineering [4]. Kim attempted to estimate yarnliqgian the basis of its external view [ 14].
Ben-Hassen and Renner carried out research ordheg¥ings applied in cotton spinning, and
their influence on yarn quality [3]. Research ompact yarns, their quality, and the structure
of compact and classical yarns is found in the wadrkackowski, Cyniak, & Czekalski [10],
Krifa & Ethridge, and Basal & Oxenham [2]. Hyrenhanvestigated the structure of rotor
yarns and the advantages of applying them in eegtibducts [5].The cotton yarns
manufactured in Poland are faced with strong coitipetrom yarns manufactured in India,
Turkey, and China which have recently appearederiPblish domestic market. In order to
improve the quality level of the yarns manufactyedlish domestic manufacturers have
implemented a series of new investments includiegourchase of new machines, such as
opening & cleaning machines, carding machines,afatembing machines, and new types of
spinning frames. At present, as a result of thésengts, Polish yarns are of equal quality, or
even better, than imported yarns.The authors aseeathiat it is possible to improve the quality
of cotton yarns manufactured in Poland even fullyecombing the middle-staple length
cotton, increasing the regularity of half-finisheducts, such as slivers & rovings, and using
new types of spinning frames [12]. The investigagidescribed in this article are a
continuation of the research carried out by théa@nston yarn quality and modelling the
spinning process [6 - 9]. Special expectationarmected with the use of compact ring
spinning frames in classical spinning and the Rarrgpinning frames of the third generation
of spinning machines in the rotor spinning prodé$sTests with the use of a classical PJ ring-
spinning frame and the BD 200S rotor-spinning maehvere carried out in order to obtain
valuable comparative results.Middle-staple cottatta staple length of 32/33 mm, a linear
density of 165 mtex, a tenacity of 24.9 cN/tex, ancelongation at break of 7.7% were used as
the raw material for our research. Slivers witinadr density of 4.45 ktex and roving with a
linear density of 600 tex were the initial half-guxts. The slivers were prepared from middle-
staple cotton, which was carded and combed, wittreentage of noils at the level of
24%.Yarns with linear densities of 15, 18, 20, 2%, and 40 tex were manufactured from the
slivers and rovings prepared with classical andmachring spinning frames, as well as the



BD 200 and R1 rotor spinning machines. All the yaarniants were laboratory-tested in order
to assess such yarn quality parameters as lin@aitgenumber of twists, breaking force,
elongation at break, work (energy) up to break¢tijgestrength, unevenness of linear density,
hairiness, and the number of faults. All tests weneied out in the laboratory of the
Department of Spinning Technology and Yarn Strieatrthe Technical University of £od
ture at the Technical University of tadand documented in the elaboration of this researc
project. The tests of number of twists, specifiersgth, and work up to break were carried out
only in order to establish those comparative yaatdres which would allow us to check the
repeatability of the yarns processed, and wasamdidered in the analysis presented in this
article.

Aim of research

The basic aim of our research was to determinentheence of the type of carded or combed
slivers which fed the spinning machine, and oflthear density of the yarn manufactured, on
the quality parameters of yarns produced with geaf modern spinning frames, as well to
determine the functional dependencies which wonlibée us to model the influence of
changes to the tested spinning process paramei¢ng garn quality.Partial models of the
spinning process were developed for selected eakgquality parameters, such as the yarn’s
unevenness of linear density, the tenacity, theress, and the number of faults, which enable
the values of these parameters to be determingeppandence on the linear density of the yarn
manufactured. The knowledge a priori about therspmprocess and the results of the
experimental research carried out were used tordete the desired functional dependencies.
M odelling the unevenness of the linear density of yarn

We investigated the dependence of the coefficiemanation of the yarn linear density CVy
on the yarn linear density Tt for different kindscotton yarns and various types of spinning
machines. This dependency has a non-linear chai&atgire 1 see page 27), and can be

C¥Fy —the theoretical value of the coef-
ficient of variation of the yarn’s
linear density, calculated from
the Martindale equation (2).

For cotton yarn, it is accepted that:
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where:

n — the average number of fibres in the
Yarn cross-section:

T
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where:

'.I".ry — the average linear density of yarn,

Tty — the average linear density of the
fibres.

approximated by functions of the following form -
Calculation of the theoretical value of the coeéit of variation of the yarn’s linear density
CVT on the basis of Equations (2) and (3), andutsstitution as a variable into Equation (1),
enabled the desired dependency to be linearisedlvdlnes of the coefficients CO and C1 of
the function (1) were assessed by the least-squastsod [7]. Their value for different yarn
and machine variants are presented in Table 1e$tmmators of the standard deviation SCV of
the variable CVy, accepted as an independent \arialere also determined, which means as-
sessing the measuring uncertainties of determithmegoefficient of variation CVy, the
standard deviations SCO and SC1 of the coefficidatsrmined, and the linear correlation
coefficient r between the variable CVy and CVT. Taéculation results are listed in Table 1.
The value of the coefficient r confirm the veryosig correlation dependency and the correct
selection of the auxiliary variable CVT. Figure regents the measurement results and the




dependencies determined for the classical ringngpgnframe (PO), the compact ring spinning
frame (PK), and the BD 200S & R1 rotor spinning hiaes.From the dependencies presented
in Figures 1.a and 1.b. the self-evident con-clusesults that the unevenness of the yarn’s
linear density decreases with the increase iniideasity according to Equations (1) and (2).
The unevenness of combed yarns is smaller thamtltarded yarns, and this is the cause of
the improvement in quality of the former. It isenésting to note that the unevenness of carded
compact yarns is very similar to that of cardedrgarns, even though the fibres in the
compact ring frame are fed through the drawing egipa. The smaller unevenness of yarns
manufactured with the use of the R1 spinning framrelation to the yarns obtained by the BD
200S frame results from the use of Uster Polyggstesns on each spinning position of the R1
spinning frame.

M odelling the tenacity of yarn

The yarn’s tenacity WW is one of the most sigaifityarn parameters which is decisive for
breakages during the processes of spinning, winaagping, weaving, and knitting, as the
yarn breakage depends on the machines’ efficiendypaoduct quality. The dependency of
tenacity on the linear density of yarn was deteadihy experimental means, and modelling
was carried out with the use of linear regress&riB]: The values of coefficients al and a0
were determined by the least-squares method. Vhkies for different yarn variants and
various machines, the estimators of the standariten SW of the variable Ww, the

standard deviations Sal & Sa0 of the coefficiertemined, and the coefficients of linear
correlation r are listed in Table 2. The valueghef coefficient r within the range of (0.9-1.0)
confirm a very strong

v=al +a. 4
. where:
CV, =, +C (] (1)} » - the yarn's parameter tested (tenac-
where: ity Wy, elongation at break E, and
Co, C; - the coefficients of the function, halriness 1),

Tt — the lincar density of the yam,

Table 1. Coefficients Cy and C; of function (1), standard deviation Sgy of variable C¥,
standard deviations S(C-a and Scy of the coefficients determined, and coefficient of linear
correlation r between C¥,, and CVy

Spinning cotton carded cotton combaed

sl I AL LR RN AR L A
casskaldng | 137 72 09 002 02 0997 183 00 045 006 08 0987
‘compactring | 141 27 037 004 04 0089 138 00 070 009 08 006
{BD200Srolor | 1,12 43 042 005 05 0878 10439 038 005 05 0989
Rimtor | 087 5§ 04 005 05 0963 080 68 044 006 05 095




Table 2. Coefficients ay and ag of finction (4), standard deviation Sy of variable Wy,
si’aﬂd:;.rﬂ deviations S, and Sga the cocfficients defermined, and co fent of Hnear
correlarion ¢

Spinning cottan carded cotton combed

| i = =g Sw | Sa1  Sen r aq =g Sw  Sai | Sa L
cassicad ring oO0BS 11.85 013 0003 ©.07 0582 0056 1363 023 0.005 012  0.927
compacting | D047 13.55 032 0006 O.17 06837 0023 1552 O0.08 0.002 0.05 0937
' BD@S00GS rotor i o116 .47 OB o.oT8 o.aT o.FeT  O.110 o897 a.F2 (s N aly B} o>aF 0.845 |
LY rofor 0083 924 022 0004 011 OOS76 0078 1008 026 0005 013  0.953 |

Table 3. Cogfficients ay and ag of fitnction (4), standard deviation Sg of variable &, standard
deviations S ared Sopof the cienis determined, and coefficient of linear correlation »

Spinning eotton cardad ocotton cormibasd

mechine o | os | e L Wil | « | vl 0 | W | 8o | Sus | -
dciasshcal ring | 0.D37T 4 45 .11 0002 O.E D853 0.055 4.38 3.4 0003 | 008 DSEO
compact ring | 0052 4.11 | 021 0004 0.1 QE2T 0.067  4.28 021 QU004 | 011 | 0,947 |
BO200S rotor  0LDEE 493 oEZ2 002 D32 Be24 01D2 3895 DLST Dol 030  OE8E

R1 robor oS 5.00 29 00068 015 OETS 0043 598 0413 0,003 | 007 0952

Tabile 4. Coefficienty ay and ag of fiamcrion (9, standarda deviation Sy of vwariablie £, stamdard
deviations Sy and Saa of the coefficients determined, and coefficient of linear correlafion

Spinning cotton cardead cotton comibad
rmachine ot g | Swn Sa1 San r By ®g S Sa1 Sao r
classical ring DOTe 325 006 0001 D03 0996 0051 373 048 0009 025 0747
Looanpect ring ouOBsS 347 022 0004 0.1 0947 | 0.037 | 337 D086 | D00 .03  0.9686 |
BO200S rotor oo4as 2.7 14 0003 Q.07 08963 | 0.045 245 Q.12 0002 000 | 0.968 |
R rotor o054 | 265 021 ODD4 O.11  0.8934 0.038B, 273 o712  0.002 ! ODE | O.5958 ¢

correlation dependency between tenacity and linear density of yarn, and within the range of (0.7-1.0) a
strong correlation dependency, as well as the correct selection of the linear regression model (4).
Figure 2 presents the measurement results and the dependencies determined for the classical ring
spinning frame (PO), the compact ring spinning frame (PK), and the BD 200S & R1 rotor spinning
machines. From these dependencies, the distinct influence of the spinning machine type on the yarn
tenacity can be seen. Yarns obtained by the classical and the compact ring spinning frames have the
fibres arranged in parallel and straightened in the drawing apparatus of the frame, which causes their
tenacity to increase. The process of arranging the fibres in yarn proceeds most advantageously in the
compact apparatus of the frame. The yarn tenacity increases with the increase in the yarn’s linear
density. Combing cotton also increases the tenacity of about 1-2 cN/tex.

Modelling the yarn’s elongation at break

The elongation at break E was analysed together with the yarns’ tensile strength

properties and with their tenacities. It is important that the elongation at break is not too small, as in
such a case the yarn will break while winding.The dependency of elongation at break on the yarn’s
linear density was modelled with the use of linear regression (4). The values of coefficients al and a0
for different yarn variants and various machines, the estimators of the standard deviation SE of the
variable E, the standard deviations Sal and Sa0 of the coefficients determined, and the coefficients of
linear correlation r are listed in Table 3. The values of the coefficient r within the range of 0.8-1.0
confirm a strong correlation dependency between elongation at break and linear density of yarn, as well
as the correct selection of the linear regression model (4).Figure 3 presents the measurement results
and the dependencies determined for the classical ring spinning frame (PO), the compact ring spinning
frame (PK), and the BD 200S & R1 rotor spinning machines. From these dependencies it results that
the elongation at break increases with the increase in the linear density of the yarn. In contrast to
tenacity, the elongation at break is smaller for yarnsobtained from classical and compact ring spinning
frames than for rotor yarns. The fibre arrangement in rotor yarns is worse; during opening the fibres are
torn off, followed by initial straightening and tensioning, and next they are broken.The influence of the
combing process on the value of the elongation at break is total unimportant.

Modelling yarn hairiness

According to Barella, yarn hairiness H is one of the more important parameters influencing the yarns’
usability from the point of view of the appearance of the final products [1]. We measured the hairiness
with the Uster apparatus.The dependency of hairiness on the yarn’s linear density was modelled with
the use of linear regression (4). The values of coefficients al and a0 for different yarn variants and
various machines, the estimators of the standard deviation SH of the variable H, the standard devia-
tions Sal and Sa0 of the coefficients determined, and the coefficients of linear correlation r are listed in
Table 4.

The value of the coefficient r within the range of (0.9-1.0) confirms a very strong correlation dependency
between hairiness and the linear density of yarn, as well as the correct selection of the linear regression
model (4). Only for the case of the ring spinning frame and combed cotton does the r-value confirm a
strong dependency.From the dependencies presented in Figures 4.a and 4.b, it results that the yarn



hairiness of classical and compact ring yarns, both carded and combed, is higher than that of rotor
yarns. The yarn hairiness increased with the increase in yarn linear density for all the yarns we tested,
as the number of fibres in the yarn cross-section increases.

Modelling the number of thin places

Yarn faults in the shape of thin & thick places and neps are decisive on the external appearance of
yarns and the products obtained from them. An optimum solution is the possible smallest number of
faults. The number of thin places p on the yarn’s linear density was modelled by the method of non-
linear regression. The possibility of using different functions was tested. Calculations were made for
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where:
L - the yarn parameter tested (number
of thin places p, thick places =, and

neps a, all per 1000 m yam)
Tt — the linear density of the yamn.

The determination of the values of the
cocfficients 8, By, and By of the func-
tion (5) is a typical task of linear approxi-
mation for the basic function:

x=UT, (6)

polynomials of the 1 st, 2nd, and 3rd order, exponential functions of the 1 st and 2nd order, the
functions described by Equations (1 - 3), the inverse function, and the functions which are derivatives of
the latter. The minimum of the sum of the mean square error approximation for all yarn types and the
machines used was selected as the criterion for selecting the best dependency form to be accepted for
use in our modelling. The best solution of approximation was obtained for the following equation:

L=B,+BIT+BIT, (5

After substituting the auxiliary variable x to Equation (5), a model of polynomial regression was obtained.
The values of coefficients B2, B1, and BO for the different spinning methods were determined by the
mean square approximation. The estimators of standard deviation Sp of the variable p, and the linear
correlation coefficient r and parabolic coefficient R [13] between the variable p and the auxiliary variable
X were also calculated. The calculation results are listed in Table 5. The values of the coefficient r are
within the range of (0.86-1.0), and those of R within (0.92-1.0). This indicates that the



Table 5. Coefficienis 8 ¢ and Bg of function (5), standard deviation Sp aof the number of
thin places p, and coe_éx:lenrv af linear correlation r and parabolic correlation R between

Frand x,
Spinning cotton carded cotton comibed
machine B2 81 | Ba Sp r R Ba By Bg | Sp r R

classical ing | 128000 |-5070 114 30,2 0848 00875 8540 450 -21 9.4 0823 0.927
compact Ang 45150 | -2990 56 4.8 0.8682 0976 3950 -265 4.3 04 0.869 0.983
BO200S rotor 81280 -4170 54 9.3 0.946 0991 93190 -5428 78 50 0.930 0097

R1 rotor 120760 -74202 | 113 3,3 0823 0.93‘9_275—1& 4886 -8 83 08967 0976

Table 6. Coefficients B3, 8 and Bg afﬁcmcl’m (3), standard deviation Sz af the mumber af

thick places z, and coeffi af i CorT rand parabolic correlation R between
z and x.

Spinning | cotton cardead cotton combod

FrCRAT. Bz By Bg | 5. r R B2 B4 By Sz r R
classical ing | -478000 61300 -B94 | 52 | 0.971 | 0.984 13000 9100 -253 78  0.920 |0.929
| eoempet fng 243000 -7780 132 51 0961 0.982 43000 -1300| 20 12 0954 0.974
BOR200S rotor 42700 -1380 11 | 3  0.877 0.998 20000 -2500 -13 8 0.969  0.980
A1 rotor 3920) 2310 -53 | 19 |0.943 0943 6700 1400 -33 13  0.048 | 0.946

Table 7. Cocfficients By and Bg o_,l':ﬁdn-_—non (5. ar 8= 0, standard deviation 5. of the number
af thick places z. and standard deviations Sg; and Sgg of the coefficients d.'emrm.r.rsed'

Spinning cotton carded cotton comibed

machine . Ba Bg Ba Ba1 Sno By Bg By Sas Sao

: classical ing 23800 =120 a8 1200 55 ToETFo 27T &7 830 as
| compact ring 13880 -307 85 820 ET 2580 -50 13 170 8
BOZ00S rotor | 2530  -70 8 110 5 2290 &85 10 20 | 6

| R1 rotor | =2zs70 80 16 180 o 1970 -45 12 “o | 7

Table 8 Coefficienis &, 8 and 8g of function (5), standard deviation 5, of the number af neps
n, and cocfficients of lirnear correlation r and parabolic correlation R between n and x.

apmn“-m mllnn :-m cothon W

machine Bay By By S, r ] By By By Sp r R
classicel ing | 718000 88000 -1807 172 | 0,936 0.968 | -T2000 14100/ -289 | 47 0.944 [ 0.950
{compact ing | 233000 S100 -096 81 0.982 0.887 118000 -3480 58 44 0035 0.953

| BD200S rotor 17800 -T5H T 2 0.983 0.883 -1 403 =11 3 0B0a 0905
R1 roior  -e68| 2300 -56 12 0.963 0.963  -18100 2500 -57 | 9  0.856 | 0.880
Table 9. Cﬁiﬁgﬂ&t B and Byg of function (5), at 8= 0, standard deviation S aof the number

af neps, tandard deviarions Sgp and Sgg of the coe_ﬁic:eﬂ.r.r determined.

Spinning cotton -QHI'EH cotton combed

iacvrbivn —r Bo Sn L BRI L o Sas | S=o
| ciassical ring 33300 480 | 211 2800 120 | 7560 -156 43 540 25
Joompact rng 26800 @ -520 B4 1100 50 T100 -157 45 550 25
BOR00E rofor =1= 4] -27 4 50 2 300 -8 2 30 1
'R1 rotor 2210 -54 1 130 8 840 -21 9 00 | 5

model of parabolic regression is better and oftgreeccuracy when used for investigating the
dependency under discussion than that of lineaessgn.Figure 5 presents the measurement re-
sults and the dependencies determined for theicghsmg spinning frame (PO), the compact ring
spinning frame (PK), and the BD 200S & R1 rotomsjimg machines. From these dependencies, it
results that the number of thin places of the yltreases with the increase in the yarn’s linear
density, according to Equation (5). The highest benof faults appears in the thinnest yarn with a
linear density of 15 tex, in which the number dfrés in the yarn cross-section is the smallest.
What is more, thin yarns have the highest unevenresl the faults are more clearly visible. We
obtained the worst results for carded yarns manurfed with the use of classical ring spinning
frames. Combed yarns were characterised by a garynbmber of faults.

Modelling the number of thick places

The dependency of the number of thick places herimear density of yarn was approximated by
the function (5) with the basic function (6), whialere selected to approximate the dependency of
the number of thin places on the linear density Vidlaes of coefficients B2, B1, and BO of the
function (5) for the different spinning methodsetetined by the mean square approximation and
the estimators of standard deviation Sz of theaédeiz, and the linear correlation coefficientd an
parabolic coefficient R [13] between the variablenzl the auxiliary variable x are listed in Table
6.The values of the coefficients r and R are sinalad fall within the range of (0.92-1.0). On this
basis, a solution was devised to reduce the mdgerabolic regression to the model of linear
regression. The calculation results are listedahl@ 7.The measurement results and the depend-
encies determined for the classical ring spinnrage (PO), the compact ring spinning frame



(PK), and the BD 200S & R1 rotor spinning machifeeshe mod-el reduced are presented in
Figure 6. As for the thin places, the greatest nremalb thick places is visible on the 15 tex yarn.
The thicker yarns with linear densities of 35 ted 40 tex have smaller numbers of thick places.
Thanks to the removal of the short fibres and int@s; the combed yarns have lower number of
thick places by severaltimes. The worst resultevadtained for yarns produced on the classical
ring spinning frame.

Modelling the number of neps

The dependency of the number of neps n, on thésymear density was approximated by
function (5) with the basic function (6), which weaused for approximating the dependencies of
thenumber of thin and thick places on the linearstg. The values of coefficients B2, B1, and BO
of the function (5) for the different spinning metls determined by the mean square
approximation and the estimators of the standavéhtien Sn of the variable n, and the linear
correlation coefficient r and the parabolic coeéit R [13] between the variable n and the
auxiliary variable x are listed in Table 8. Theues of the coefficients r and R are similar ant fal
within the range of (0.85-1.0). On this basis, latson was devised to reduce the model of
parabolic regression to the model of linear regoesS he calculation results are listed in Table 9.
The measurement results and the dependencies degdrfar the classical ring spinning frame
(PO), the compact ring spinning frame (PK), andBBe200S & R1 rotor spinning machines for
the model reduced are presented in Figure 7. Themdkencies presented confirm the similarity of
the neps’ distribution to the distributions of tlaind thick places.The smaller number of faults in
yarns manufactured with the use of the R1 spinfraage in relation to yarns obtained by the BD
2005 frame results from using Uster Polygard systemeach spinning position of the R1
spinning frame.

Summary and conclusions

For selected essential yarn quality parameterdutitional dependencies of these parameters on
the linear density of the yarns manufactured weterdhined.The non-linear dependency of the
coefficient of variation of the yarn’s linear detysbn the value of the linear density was lineatise
using the Martindale equation and the a priori kisolge about the spinning process.The
functional dependencies for the remaining parametere determined on the basis of
experimental research.The dependencies of tenatitygation at break, and hairiness on the
yarn’slinear density, which were modelled with tise of linear regression, confirmed a strong or
very strong correlation between the parameteredesmtd the linear density. With the increase in
the linear density, the tenacity, the elongatiobratk, and the hairiness also increase.The
dependency of the number of faults, i.e. thin &khplaces and neps, on the linear density of yarn
was modelled by non-linear regression (5). Theyaigbf the coefficients of linear and parabolic
correlation and of the dependencies establishellesha reduction of the model’'s order in the
case of thick places and neps. With the increasigeilyarn’s linear density, the number of faults
decreases.Yarns manufactured by the EliTe compautiag frame in comparison with yarns
manufactured by the PJ spinning frame are chaiseteby higher tenacity, smaller unevenness of
their linear density measured on short segmerggraficantly smaller number of thin & thick
places and neps; as well as by a higher degrdasifaity, and fundamentally lower
hairiness.Combed compact yarns have a lower tgnacgmaller unevenness of the linear density,
and a smaller hairiness in comparison to cardedgrectryarns.The lower unevenness of the linear
density of yarns manufactured with the use of thespinning frame, and their smaller number of
faults in comparison with yarns manufactured wita BD 200S spinning frame, is the result of
using Uster Polygard systems on each spinningipof the R1 frame.The rotor yarns are
characterised by significant quality parametershsas unevenness of linear density, the number
of faults, and hairiness, which are better tharse¢haf ring yarns, and can be accepted as yarns of
high quality.

The quality of the spun yarn can be significantiyproved, while using equally raw material, by a
suitable selection of the spinning system andype bf the spinning machine used.



