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STATISTICAL AKALYSIS OF RELATION
BETWEER COTION FIBRE PROPERTIES AND
OPEN-EKD YARKN TEKACITY

BY

8.8.1branin ®

This paperdeals with the prediction of open~end cotton
yarn tenacity from fibre strength, mean fibre length and fibre
fineness. Statietical analysis is provided to find the influ-
ence of fibre characueristice on yam tenacity, Five different
typee of cotton, either individually or blended together, wvere
epon into 19 0O.K, xar? Of 14,5 = 16,5 Tex at twiet tactor‘x2/3
80 to 90 turne/m.¥m~2/3, TPibre strength, mean fibre length are
eignificant factors for prediction O.B. yarn tenacity. Poor
correlation betveen yarn tenacity and micronaire reading wvas
founa, vhen both mean fibre etrength were kept conetant.

The reeults gaineu are useful 10 preaict OB yara propertia
#8 according to rav material avellable, solving the guestion

of manipulation to xeep etavi ity an yarn quality of the prede=
tersined characteristice.

1. INTRODUCTION

The venaviour of O.B. yarnm could not be explained without
intensive knowledge about the internal etructure of the yarn.
Practically theres s no universal definition to explain the
internal structure of the O,E. yarna. But, it ie accepted that
the fibres are assembled into O.E. yarn as hooked or foldad
fibree which seriously impire their ability to carry such load,
bacauee each limb of the folded fibres tends to act ae a sopa~
rate short fibre, PFor this reason the tviet factor needed to
give maximum strength is higher than for ring spun yarne.

The main factor affecting the structure of the yarn could
be sumaerized as followes

1) the properties of fibres as elemente of stiructure.
ii) the distribution of fibre in the yars.
111) the mutual reslation between fibrae.

1t is not practicapvle to analise thuroughiy ajl these
factors together. The present paper deale with the relation-
ship betwasn fibre properties and yara tenacity.
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Many studies have been carried out to clarify the effect
of fibre properties on yarn characteristics. RUSACA and SANDS
/1/ analised the ring spun yarn. LOUIS and FIORI /2/ studied
the relationship between fibres characteristic and ring spun
yarn strength and breskage. BOGDAN /3/ predicted the ring spua
yern strength from fibre properties and twist inssrtad,

Recently, soms work has been carried out to predicy 0Q.E.
yarn strength from the so-called coafficlent of spin-in fibres.
HAFEZ /5/ established an equation to predict O.B. yarm stresgth

. from fibre length, bundle strength and twist inserted, RAMEY,
LAWSON and WORLEY /6/ have studied intensively the relationship
between most fibre properties and O.E. and ring spun yars ten-
8city and they forsulated different equations for yarn strength.

2. YARN PRODUCTIOR AND TECHNIQUE OF EVALUATION

2+.1¢ MATERIAL

The rav cotton used ves sslected to achieve s homo~
genous blend as possible, &180 to keep the number of minimum
fibres in cross-section of the open-end yarn. Teble /1/ shows

the characteristics of the types of cottons used in the experi=-
ments ©of the present vork,

~Table (1)t Ths mean Fibre Propsrties of raw meterisl.

Fibrae TYPE OF COTTON

RUSSIaAN EGYPTIAN AYGANIS - IRAN
properties Sort I 8ort I1 Menofi PAN
Msan Fibre
length in (ma) 24 .1 213 28.64 273 22,1
Micronaire rea-
d1ng(Mg/1nch) ko9 A7 3495 4,06 423
Pressely index 7.11 769 8.4 751 719

2+.2. NETHOD

Table (2) shovs 19 typss of open-end spun yarn produced
under industria) conditions from the five different types of
cotton given either individual components or blended togetber
with different blend ratlos, All yﬁ;zs have counts rangling
between 14,9 and }6.5 tex and twist ©42/3 ranging from 80 to
90 turns/m. Na<"2/3, rotor speesd 31000 r.p.m.

N
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Table (2): Main fibre properbies for different blends.

-Blending Ratio, Fibre property
Sample RUSS, &GYP, AFGAN. IRAN Micro- Pressely HMean Fibre

Sort I, 1I naire index length
reading (mam)

1 100 3.93 8.40 28,26
2 36 17 35 12 4.22 7.59 26.26
3 100 h,23 751 27.50
b k5 55 k433 7 .84 25.78
> 65 35 4439 7.66 - 25.34
6 50 33 17 4416 7o 74 25.04
7 by bl 12 b 43 7436 25.82
8 25 25 33 17 b .24 7.10 26.27
9 55 45 4,07 753 26.00
10 S 29 17 b Jde 7.20 26,87
11 25 75 3.88 7.01 25.78
12 50 50 b ,02 7.16 24 .55
13 75 25 4431 7 41 26,00
14 48 25 ¥ 27 b 42 7 W1 24 .95
15 56 18 26 . 4436 7.02 26.09
16 Th - 26 4,65 711 23.35
17 56 18 a6 b 455 7.09 2% .39
18 100 4,70 7.11 23.80
19 82 18 4.73 7.22 23 .34
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The yarns were produceu at MELETA TEXTILE Factory in CSSR.
All materials wore produced through the following machines:

Rister Karosel aggregate B2/10
Condenser A2
Blending Bale belt (65 mm) B2
Mono==cylinder cleaner B4
Auto-mixer B7/1
Cleaner type (I) ERM B5/5
Cleaner type (II) ERRM B5/5
Aerofed A7/2
Carding machine "crietalinaw CL/2
Automatic sliver line c/2
Auto leveler Drawing D?7/2
Drawing frame CSSR RP 300
Spinning frame BD 200 R

All macbines are Rieter except the drawing frame, second

passage are type RP 300 ana the epinning frame BD 200 R are
CSSR mace,

24220 Optilal Sliver

The conditione for the pruparation of a good sliver is
given in Ref. /7/. The following factors were taken into con-
Sideration for producing open-end yarns of good quality:

1) Maximum Linear variation in count of the sliver not to
exceed 1.3%.

ii) Maximum mase irregularity on uster, c.v.% equal to 2.8%.
1ii) Maximum mass of hard impurities in one gram sliver not to
exceed 4 mg.

iv) In case of using shirley analyser the maximum vajlue of
non=lint i8 0,11 %.

Thue, the slivers produced were of 3.5 K. Tex to 3 K.

Tex and the uster C,v. % values were 3,38 to 3,95 which wers
considered acceptable.

2+2+3« Megsurments of Fibre and Yarn Properties

The main fibre properties werse measured according to
the procedure stated in standard CSN, and given in Table (1).
A summary of the results, Micronaire reading, mean fibre length
and pressely index of the blend are illustrated in Table (2).

Heasurments of yarn strength:t The zellweger Uster Tenso-
matt tester was usea, and 200 tests per yarm were performoed,

Al]l tests were providad at the standard atmosphere after

storing tbe yaras for at least 24 hours in the stapdard atmos=-
phers.
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2.3. TECHNIQUE OF EVALUATION OF RESULTS

Because of the nature of the problem, where the indepen=
dent variables, "mean fibre length, micronaire reading and
pressely index", are varying together and it is axperimentally
imposeible to vary only ons of them and to havse the others con=-
stant, so the multiple correlation and regression becomse a

usafu]l etatistical tool for evaluating the resulta of the experi=-
ments.,

The multiple regreesion and correlation is found in anmy
standard experimental statistical book. The theory and appli-
cation is found in Reference /8/ where thie problem is studied

in detalils and an example for textile engineering is applied,
The multiple regression formula is given as:

Y =0 e b B v by B Pk ()

The figures in the above equation indicatee to which
variable the (b) coefficient is related, while the figures
after the dot indicates which varlables have been included in

the estimated equation, and which given specific counsideration
within each coefficient.

A program in FORTRAN for evaluation of the very complica-
ted numerical calculation was used., The resulte were galned

from a computer Ruseian type :MINSK 22 of the High School of
Textile Engineering in Lilerec CSSR,

3+ RESULTS AND DISCUSS1ON

The following resulte were obtained from a Russian Compu=-

ter type MINSK 22 at the high school of Textile in L1BEREC,
Chechoslovakia,

Table (3): Simple Correlation COorxiciontl(').

' Correlation value between fibre property
Fibre property and Open-end yarn tenacity
Bicronaire reading M Ta®" 0.6877 (s)

Pressely index PI Fiy @ 0.8348 (s)

Mean fibre length 1L Py @ 0.838) (s)

(a): Zero order coeffiolent of correlation

(s)1 Signiflcant at level 0.01 %
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Table (4):t Partial Correlation Coefficlents between 0.5,
yarn tenaclty and Flbre property.

Correlation Coefficiants

l't order coaf, an order coef.

Fibre property

Micronaire reading at r = =0.7128¢8)
pressely lindex=constant. " 12.3

Pressely index at (s)

mean length = const,. r13-4= 0.84049 =

Pressely index; <al8)

micronaire kept const. rl}.Z' 0.84+68 -

Mean fibrs length. (s)

pressely index-const. T14.3" 0.816 . -

Mean fibre length, (s)

micronaire kept const, F14.2° 0.7252 =
Micronaire reading, (N) -

mean fibre length- eonst.12.4" 0.4006 =
Micronaire reading, (N
pressely index and fibre - r, -0,5828 )
length kept constant. 2.54

Pressely index, micronaire (s)
and mean fibre length kept Ve 13024 -0.,8503 s
constant. 3e

Mean fibre length, micron- (s)
aire and pressely index kept - Pl4.2 -0.7324 s
constant. 25

(N)s Not-significant at 0,01 % levs],
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Table (5): Multiple Correlation Coefficient Relating Fibre

Prop erties to O.E. Yarn Tenacity.

Open-end yarn tenaclity

Fibre Property

Multiple Coefficient Coefficient of

of correlation determination
::;:s;itr:ng::;th Ry 34 = 0.9461 0.8952
mean fibre length’ Ry g4 = 0.9220 0.7500
:i::::z:':n::idins- Ry .23 = 0-8660 0.8660
Mriare DinenalY M R e 096 0.9308

Table (6): Coefficient of Correlation between fibre Properties

i) Slazple coefficient of corrslation

« Micronaire reading and pressely index
= Micronaire reading and mean jength
~ Pressely index and fibre length

1i) Partial coefficlient of correlation

= Micropnaire reading and mean fidbre length,
pressely index kept constant.,

= Micronaire reading and pressely index,
mean fibre length kept constant,

= Pressely index and meun fibre length,
micronaire rsadiang kept constant.

23
24
34

T24,3

T23.4

r"l‘ 2

-0.6149(®)
0.563°

.-0. 5188(!')
e 0.06906M)

a O.4442 (¥)
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Table (7): Standard Deviation and Regression Coefficlent

i) Standard Deviation

.2ero order First order Second order
5, = 0.5682 §,.2 ® 0.4125 % .23 " 0.2194
s, = 0.2368 -1.3 s 0,3128 8, .24 " 0.2840

o 3l . .
l, s 0.3400 '2.} = 0.,2180 'lo}‘i' = 0,186
'4 B 101282 '4.2 B 0.8897 '3.24 = 0.2805

'4 .23 | B 0.?9?1

i1) Regression Coefficients

4,23 " ~5.188 blzfj B = 1.023

%152 " 1116
&) .34 = =5.6629 bljfa = 10439 B, o= 0.2737
a) 234> 0.02558 ® 2,34 ~5+6659 by 5.04" 0+86152

by .23" 042159

3.1« PREDICTION OF O.E. YARN STRERGTH FROM COTTON FIBRE
PROPERTIES

1) The proposed formula is based on using the multiple linear
regression. The regression equation for estimpating the tenacity
of 0.E. yarn from micronaire reading, mean fibre length and pkes-
sely index is given asg

T = 0,025558 « 0.56659 M ¢ 0.8652 PI ¢ 0.20159 L «cv...(2)

wheret
T 3 Predicted yarn strength in g/tex.
W 3 Micronaire value (4.0 - 4.9 ug/inch)
PIt Pressely index (3.9 = 4.9)
L ¢ Mean fibre length (24 mm to 29 am).
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In egquation (2) My P.l., and L .are egquivalent to li. X,
and lﬁ respectively in equation (1) Egquation (2), as ¥ny ;ag-
ression egquation, 18 limiteu to O.B, yarn of counts ranging bet-

weon Nm 6Q=-68 (16.5 - 14.5 tex) ana twist multiplier ranging
betwveen 2/3 (80 and 90),

{11) Correlation betwveen ripre properties and yarn tanaclity

The multiple coefficient of correlation R equal -
to 0,9648, is considered very high because the oxpllli}ﬁ variat-
lon RY, 34 0.9308 (= 93%) and only the unexplained variation by
this model 1is only 0,07 (=2 7%). Also, the multiple coefficient
of correlation 18 bighely significant from zero value, wvheres

2
R (17 = &)
1.23% i}
Fear, ® 2 201.76 > ¥o.01
(1= B 254)

Fo,ol (for £, = 3, , =15) = 5.42

that means the correlation is statistically highly significant
between tsnacity of O,E., yarn and fibre properties. Moreover,
the standard error of the ocbserved values is 00,1303 and the
standard error of estisated valuas is given asg

T .2
'102}4 = '1 l - !1.2}4 B 0015}5

which 18 slightly higher than the observed., 80, ths estimated
agree with the observsd, :

(11) Testing the significance of regression coefficients:

Using Analysis of varliancs one can find whether the
relation ship between ths tenacity of yarn and each of ths men~
tioned fibre-propertiss differs from zero, i.e. to test whether
ths regression equation must include the teeted variable or not.
This was carried out for three valuss of (b), namely b

1}02"‘"'

b14.2},.and b12.34. For.bl}.24

Degree of Sus of Msan Variance
Sourcs °‘,v‘ri‘t1°n freeaon sgquaree square ratio
¥, on ‘2' l,+ 2 4,6005
addition of x} 1 1.1091 1.1091
Yl on Xz. x}, and l'q_ 3 5.7096 39.2
unsxplained variation 224 0,028
by Y, on L, X3, and X, 1’ 0.422 2823

Total 18 64134




It is found that, Fcal 39.2 )>F0.01 . 8.68I(Ior fl =1,

f. = 15) which means that Ij is sagnifioant and must be included
1i the regression eguation,
and For b14

213
Degree of S8quare Mean Variation
Source of variation "o o 40m  variation variation ratio
Il on zé. xj 2 5.2189
addition of X, l 0.,4907 Q4907
!1 on 'z' xj. X, 3 570962 17 « 344
unexpl&in by Il on “ "
15 04224 0.02829
xé. 13 and x#
Total 18 6-1341

Here also b14-23 is signifiosant and regression equation must
1nc1udl x‘.

and For b

12,34
Degree of Square Mean Variation

Source of variation freedoa variation variation ratio
Y on X, &’ 2 5.4912
addition of X, | ‘ 0.21835 0.21838
Y, on Xy X K 3 57096 74717
unexplained by Y on
xé' x3’ .n‘ 14- 1 15 0.4224 0.02829
Total 18" 6.1341

Poap = 7e717 <Py o) €f, =1 and £, = 15) = 8.68

that means b)y, 34 is not aignificant at the 0.01 level and the
regression equation would not include e That is agreement
with the results obtained by RAMEY and Bthers 161 for O.E. yarn
count 27 tex (37 Nm). But on the other hand Feajcuilated 7+717
is greater than Fo,05 = 4.54 and Fg, 025 equal 2.2 which is sig-
nificant at these levels where ueually in textile engineering
0.05 leve]l is used. In this case, according to the statistical
rule of significance test, one can eay that the effect of micro-
naire reading is poor,

. t refuse
Hol b12.54 s O at level 0,05 and can not r
H‘I hlz.}“ ‘ QO at leve] 0.01
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(iv) ln case of eliminating L from regression equation(2)
one should use the following formulea under the same limitatlon
in equation (2)t

T(S/tll) n - 5-6629 + 1.0439 PI ¢ 0.2737 L ceeeses(3)

The etandard error of predicted values 0.,2137 le higher
than the observed value 0.,1303, Table (8) shows the measured
values of yarn tenacity and prediction according to equations
(2) and (3). These values are plotted in Pigs. (1) and (2).

3.2 BELATIONSH1P BETVEEN FIBRE PROPERT1ES:

From Table (6) the partia)]l coefficients are not eignificant
at the 1% l1evel. Thie is in agreement with the results obtained
by RAMBEY and others /6/. 1 thelir cass for awide variety of
cotton., The measurment of Fibre tenacity, was carried out by
a etelometar teeter, with zero and 1/8 inch ga ge. The differe=
nces obtained in the present work and that of other works unay
be due to the use of blendse. The correlation coefficlents obta=
ined are higher than that obtaineu by RAMEY/&/.

3.3« EFFECT OF FIBRK PROPERTIES ON 0.Re YARK TEHACITY:

3e30] Effect of tibre finneness

From Table {(4#) the partial coefficient of correlation
between the tenacity of O,Es yara and micronaire reading, when
both preeeely index and mean fibre length are constant is r
a = 0,5828 which is generally considered lov. Finneness 1n12'54
creased the explained variation from 0.8952 to 0.,9308 (as shown
in Table (5)), L.e. 0,036, which is a small value. According to
BAMY /6/. Finnenese have no effect on O.E. yara tenacity for
coarser count 27 tex,. This results could be extend for higher

counte, i.,e, finenese has insignificant effect on O.E. yaran ten-
acity. :

3¢3.2 Bffect of fibre strength

From Table (4#) the partial coeriicient of correlation
between the tenacity of O,8. yarn and preseely index, where tne
mean fivre Lengith and micronaire reading are constant._ie r15.24
s 0.8508,

The value of the correlation coefficient 13 high, wnicn agrees
with the reeults obtained fer ring spun yarns.

3.3¢3 Effaect of fibre length

From Table (4) the partial correlation r)4 _,3 between
the tenacity cf 0,8, yarn and the mean fibre longi where the
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Table (8): Obeerved and Predicted yarn Tenacity According
to Equations (2) and.(3).

vo Observed According to Bq. (2) According to (3)

value Predicted % from Predicted % fronm
value observation value observation
1 10,56 10.73 1.6 10,84 1.78
2 9.55 947 =0,.86 9 Jirdt -1.07
3 9.52 9464 1.28 9.70 1.90
&4 9.50 9.52 0424 9.58 0.55
5 9.40 9.25 =1,60 9.27 =1.,40
6 9,31 9.38 ~0.80 9.27 -0.42
7 9.24 9 .04 =2.11 - - 9.08 =-1.65
8 9.16 9.03 =1 .40 8.9 =2 40
9 9.11 9 ot 3.70 9.31 2.23
10 9,06 9.00 =0,60 9.02 =0+35
11 8.93 9:17 240 8.71 =240
12 8.92 8.87 ' =0.61 8.53 -4 36
13 8.86 9.20 " 3.90 9,18 3.70
14 8.80 8.93 - 1.50 8.90 1415
15 - 8.70 8.86 1.80 8.80 1.20
16 Be37 8.22 -1.75 8.15 -2.60
17 B.28 8.57 350 B.55 =300
18 8.17 8.28 140 8.27 1.20
19 8.12 8.27 1.85 8.26 1.75

2> 8t Ratio between difference in measured and predicted to the
measured valus (%),
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micronaire reading and pressely index are kept constant is
0.7324, which is considered high, and F_, = 19.64 >> Fg

= 8.4, This result agree with the work o} KRAUSE, SOLIMAN/9/
and VOUGHN /10/.

3.3.4% Direct and indirect effect of fibre properties on
yarn tenacity

The B coefficlent of analysis which is a relative mea=-
sure of the importance of %X, ZX; and X, on ¥ and indicates how
many standard deviation of movements in ¥ will be associated’
with one standard dsviation increase or decrease in X3, X, and

) A

In the present case one standard deviation increasc in the
pressely index produces 0.5155 standard deviation in the tenacity
of the yarn, and also one standard deviation increause in the
mean fibre length, produces 00,4102 standard deviation in yarn
tenacity. That reflects the variability of fibre properties on
the yarn variability and the importunce of homogenity of the
blend. The direct and indirect effect of each variabje on yarn
tenacity are given in Table (9).

It 18 clear that, the effect of pressely index on yarn
tenacity has the greatest in fiusnce compared to the isngth
of fibre. But the micro naire reading has vary slight effect.,

The indirect effect indicates the interaction of each factor
on the tenacity. It was redognised that the indirect interaction
0f pressely index and mean fihre length 18 the greatest.

Table (9): Direct and Indirect Bffect of Fibre Variables on
Yarn tenacity

IZ=H x)uPI ]’uaL Total
Direct sffect 0.05556  0.26575 0.16820 0.4956
Indirect effect
L, xj 0.04753 0.04753 0.0938
L, I 0.05800 0.05800 0.11524
xj. !u : | 0.1161 0.11610 0.2322
7 0.1609 Qolt 294 0.3423 0.9327

% 17.26 46.03 364,69 100
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The sum of direct and indirect, for pressely index is about
46% and for mean fibre length ie 34% and for micronaire reading
is oniy 17%. Furthermore, the direct effect of micronaire read-
ing alone without interaction of length and strength is very low
/about 6% only/, wheres the indirect effect is 11%, Als0 one can
say that the total direct effact of these properties together is
53%, this means that the interaction of these ractors give the

rest of yarn tenacity.

4, CORCLUSION

Two regression equation have been developed for predicting
open~and yarn tenacity. The formulas are based on fibre strength,
mean fibre length with or without adding fibre finenesss. ‘The
formulas can be used hecause of the high coefficient of determi=-
nation and the low standard error estimation.

O.B. yarn tenacity is greatly (ffected by fibre strength,
and mean fibre length.over the range of counts produced, i.,e.

between 14,5 to 16,5 tex, the sffect of fibre fineness was found
to be of a 1ittle effect.

The airect effect of the mentioned properties explain oaly,
about 50% of tota) Nariation in yarn tenacity. This tenacites

the small coefficient of spin-in of fibre in the yarn and lower
O.8. yarn strength.

REFERENCES: ‘
le R.A.RUSCA and J.BE. SANDS ﬁCottOn Fibre Researchv.
Texkile Industries, January, 77-85 (1968).

2. LOUVIS, G.L. and FIORI, L.A,, "Relationshipe Among Fibre proper-
ties, yarn properties and End Breakage From Medium Staple
-Cotton®., Textile Bulletin 94, 43-48, {(1968).

3+ J.F. BOGDaAN, "Prediction of Cotton Yarn Strength"
Textile Builetin, april 42-48, (1967).

4, KASPKREK. Je "Internal Structure of Break Spun Cotton Yarn®
Since and Research in Textile Industry No. X, P 43=-68,
(1969).

Se HAFEZ, OM.A,, "The prediction of Yarn Strength® Sympos um
SIRTEC, 1.Y.F, pairs, 185, (1969).

6. H,H, RAMEY, JR, R.LAWSOK AND S,WORLEY, JRs "RELATIONSHIP
of Cotton Fibre Properties To Yarn, Tenacity".
Textile Res. J. October, 685-691, (1977).



T. Mansoursa Bulletin Jumne 1978, 33

10.

KASPAREK J. VIRUBA PR1ZE Na &S+ rotorovych strojfch BD
200 R, Textile 31, (1976), Seb. 9, 331=-335.
S. IBRAHIM, "Pouiiti -ulttllneﬂrn( ragres, Korslacs &

rozplylove analyfy V = textiln{m pr8m351u, 33,
175=178 (1978).

Krause, Ha.¥W and Soliman, it. 4., "Open-end Spinning,
The problam of fibre opening and yarn formation,.
Textile Res. J. #4, 101=-108 (1971).

Voughn, B.A., "The Effaect of Cotton Fibre Properties on

the Quality of Open-End Yarns" in “proceedings fechnical

Seminar on open-end spinning and its implications for
cotton”, National cotton council of America, Memphis,
Tepnesse, ppe 22~23, (1975},



