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ANALYSIS OF BLENDED YARN STRENGTH
BY
A,BARGHASH, B,FARAH and R. EL~BEALLY

ABSTRACT

A comparsion between the theoreticel and actuael yarn
strength produced from different cotton/polyester blends.
The predicted valueg verfies by experimental resulis are
set in the paper. A non cooperation degree @ for cotion/
polyester blendes is measured and through which & new met-
hod may be used for estimating the blended yarn strength.

1, INTRODUCTION'

T S A

‘Blending of two or more types of fibres is used to
produce yarns with qualities that could not be obtained by
using one type of fibre. One of the principle qualities
of yarn is its strength. In this study the aim was devoted
to the differentietion between the various methods(1 2 3 4)
for determining the blended yarn strength and digcussing
their practicability. Also, this work reports a method for
estimating the blended yarn strength.

2, THEORETICAL ANALYSIS OF YARW STRENGTH:

T ——— A v — A D T P it T S Ty A N o S A M

Thedretical calculation of the strength of blended yarn
can be made through one of two methods:

The first method is based on the properties of the two

components afd their proportions in the blend.

Hamburger(1) assumed segregated of independent action,
with complete cooperation of like fibres. He expressed the

El=Msnsoura University, Faculty of Engineefing, Textile Depa-
rtment, Mansoura, Egypt.
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strength of blended yarn &s & function of the stress,
Strain relation of its component fibres. Figures (1l-a,b)
depicts the strength of the blended yarn for various con-
positions of two dilferent types of fibres. If B, end 32
are the proportions of fibres Al and A2 by weight, Pl and

| are the uliimate tenacity and extensibility of fibre Al'
respectively, and PE’ o &re those of fibre A,. Also he
derived the following mathematical form for the strengih
of blended yarn.

3 €1 E.(1)
P&1=B1PL+B2 (P2 o"'-E"""—" sxen e s alle
2
where:

Pg = Tne strength of blended yarn at the rupture of
all fibre Al,i.e., at the first rupture point.

P,

~—i—==The stress supported on fibre A, for extension
P -62 2

€
o %y

Similarly, the yern strength:predicted for the second rupture
point is given by:

PE, =B, P, vevreeeaBo(2)

The analysis shown in Figures (l-a, b) indicates that:

If the breaking elongation of fibre Al in creases then the
stress supported by fibre Az.at the breaking point of fibre
4, (2, €,/ &,) increases, i.e., the stremgth of the blended

. yarn increases, Further more, when (Pz'gl/ 82) becomes gre-
ater then P, for all values of the proportion of Bl component,
the strength of the blended yarn becomes greater than the
yarn made from 100% of weaker component.

if Pz-sz— = Pl, the strength of the blended yarn beco-
mes equal to %he vern made from 100% of weaker component, and
If P, &]/'Ez <;P1, the strength of the blended yarn becomes
lower than the yarn stirength produced from 100% of weaker
COmpoOnent .
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©

Saksina and Kofmanig) gave a geometrical method wihich

describes the determination of the blended yarn strength

from two dissimaller components in relation to the fibre

properties and their proportieon in blend. They assumed the

following:

- The relation between the extension and fibre load is linear,

- At the ingtant of ysrn rupture all fibres in the ysrn cross-
section were coneidered to bresk without any fibre slippage,
and,

- Tne strength and breamking extension are greater in the case

of the second component fibre.

They gave, &s ghown in Figures (2-a&, b), the prediction of
the strength of blended yarn at:

£1 . ; & : i
—_—= = 0 i.e. approach teo inifinity,
& 2
é
—i = 1 and
€2
el
1 > > U
¥

Algo, they deduced the minimum strength of the blend amnd the
percentage of the strong component B

2 for a yarn by using the
Tollowing formulsa: '
_ &, | "
P = (Pl ""E_é‘_') Bl + B2 PE o--aancoﬁ-n(B)
and I € . - Pl &1
B - ¥ et a9 34(4)

e
PRE, -2 E,

The second method:

ls baged on strengtn of yerns having 100% of either com-
ponent and the strengtn of one vlend.
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- The two components would cooperate 100% and then,
- The two components are independent as possible when
elongation at bresking is guite different,

Ratnem et 8l., 7’ determined the strength of the blend
yarn in relation to the blend preportion in & parabolic form:

P = Py + By, (P, - Fy) ~ 4 P [Bg(l - Bz)] eversEL(5)

Also, the predicted yearn strength hae been given by another
expression, which includes trigonometric form by Ewald gt §;£4)

+ B

B.
(F,, - P.) - § Sin (—~—=— 90°) cerasEL(B)

2 2 l) 50

ip thne predicted yarn strength

P,, P, are yarn strength of 100k of the two components

1 2
Bl, B, are proportion of the second component P. + P
® is e hon-Cooperation factor equal to A ( ! > <y,
where K = _%_ at the 50% point of the simple average yarn

strength. Also, considering that the values
of ® probably governed by tnree factors:

Tne differences in elongation crimp and sur-
face properties between the fibres.

In the -resent work,(b) & Trial is made for estimation
of blended yarn strength in relation to the proportion in
the blend for a given yarn number from the strength of the
yarns naving 100% of either components. As to substantiate
this relation considcring the two extreme cases are discus-

(3,4)

sed above,

- Yarn strength of cooperating blend i.e. 61 = €, the stre-
ngth would follow the simple weighed average as shown
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creaenesEL(T)

~ Yarn strength of non-cooperating blend when extension &t
breaking is quite different, i.e. El# Ez. the strength
of independent blend follow a curve given as follows:

2 . P
P =P1 Bl+I B2 ...ncc-.En(&)

2 2

Thus, the blended yarn strength follows a curve which
in between the two curves in form of E.(7) and E.(8) and
considering that § e degree of non-cooperation factor as
spnown in Fig.[(3). The predicted yarn strength is giver
through the following formula:

P=F B +P, B, - §.4 Us, (1-Bz)l e W E.(9)

where: P. + T
$ non-cooperstion Degree egual to K(——Ljr*—g), and
The values of K factor varies between O and U.5,

i.e. 0.5 DKD> O

when K = O, A completely compstible fibres in blend and this

resulted in a linear curve k&.(7).

K= 0.9 & compl.etely independent fibres in blends, and
taie resulted in & parabolic function E.(8).

The relationship between K factor and predicted ysrn
strenzth at different blend ratio for cottou/polyester hlends
are given in Table (1) and Figures (4-a, b). It is clear
that & linear relation between K factor and blended yari
strength exists. As the values of K increases the predicted
strength decreases and when K factor > 0,2 and ranged up to
0.5, the predicted yarn strength of cotlion/polyester blends,
containing a higher'percent of cotton, has lower values than
tnat of 100% of cotion.
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The doted lines shown in Pigures (4-a, b) expresses the
experimental results of blended yarn strength versus K factor.
It is abvious that the values of X not conatant with different
blending ratio and varies detween ¢ and 0.2, In thie study
of a non-oooperation degree f, the most values of K gives &
closer fit with the experimental results ranged from 0.2 o
0.3, Thus, the value of K factor for cotton/polyester blends

is equal to X or « K (P + P,/2).

The predicted yarn strength may be expressed through the
followlng formula:

P =P B +P, B,-0.5 (P +P) [ B, Q-5)]

whare

P

1!
Bl' B2 are proportion of each component.

P

g 8re yara strength of 100% of the two components,

Table (1)
Ashmouni/Tetoron blend Glize 69/Tetoron blend
Blend %
100 550 50° 35c 100 35o 50o 650 100
© . [
35p 50p Gﬁp 55p 5°p 35p
K festor Tas Observed Yarn Strength
Q 318 393.25 425.50 457.75 533 463.25% 437.50 408,85 342
0.1 _ 3{? 354.53 382.95 419.04 533 423.43 393.75 369.03 342
0,2 318 315.81 340.40 380,31 533 383,62 350.00 329.22 342
0.3 318 277.09 293.85 341.59 533 343.81 306.20 289.41 342
O.4 313 338.37 255.30 302,87 533 304.00 262.50 249.60 342
0.5 318 212.75 264.15 533 267.09 218.7% R209.79 342

199.65
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3. EXPERIMENTAL IESIGN AND PROCEDURE:

. g T v oy e Yo S A i A ik R Y S . Yoy o S

3.1, Material:

An analyeis of the strength of blended yarne with
various blend levels produced from Egyptian cotton (Giza 69,
Ashmouni) and polyester gtaple fibre (Tetoron). The charac-
terigticas of the fibree used are set out in Table (2).

Table (2): Fibre property

: ; i Fibre strength &
Fibre fineness Fibre length elo at%on
Material Meteric U.Q.L mean bundle %
count Tex., _ug/ln length strength elonga-
x 1077 (mm) (mm) g/tex. tion
Egyptian
cotton:
Ashmouni 5.510 0.181 4.61 29.79 24.13 27.1 7.2
Polyester
Pibre:

Tetoron 4.334 0.231 5.86 36.33 32.56 56.0 17.4

3.2. Blending Ratios:

The yarn procegsed for the tegts were Giza 69/Tetoron and
Ashmouni/Tetoron blended yarn, containing 65, 50, and 35 oercent
cotton, Also the yarn having 100% of each component, 1l00% Giza
69, 100% Ashmouni and 100% Tetoron, were processed. All ysrns
were produced at a nominal count Ne 30 (50 meteric count) and
optimum Twist Multiplier.

3.3. Measurments:

AL} tq;ts on fibres and yarns were made sccording to the
procedure stuted in A.S.T.M. Standerd. Fibre lLength was evalu-
ted by using the suiter webb, Fibre Fineness in terms of pg/inch
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by sheffild micronaire and Fibre Strength measurments of
cotton end polyester staple fibre are determined by the
stelometer tester (%r inch gauge) expressed in terms of
grame per tex and on the preasley flat bundle strength
tester (zero geuge) expressed in terms of gtrength weight
ratic. Fibre elongation messurments are obtained from the
stelometer (%? inch gauge).

The testing was carried out on an Uster Tensomatt Il
{(Automatic yarn strength tester) and 200 test/yarn were per-
formed to determine the yarn gtrength, in grams, strengtih
variability and extension at bresk, %. A4lso, Apendulum
type tester was used for testing skein strength of yarms.

4, RESULTS AWD DISCUSSICONS:

The main fibre properties are given in Table (2). The
mechanical properties of cotton/polyester blended yarm with
different blending ratios, at optimum T.M was given in Table

(3).

The theoreticel valuesg of yarm étrength were obtained
by the various methods comparing with the experimental resu-
1ts as shown in Figures (5-a), (6-a), (7~a) for Gizs 69/
Tetoron and Figures (5-b), (6-b) and (7-b) for Ashmouni/
Tetoron blends.

A comparison of actual yarn strength and that calculated
by various methods on blends is given in Table (5) and Table

(6).

In Both Figures (5-a), (5-b) the curve 1 shows the the-
oreticsl prediction of yarn strength eccording to the method
) Also, in Figures (6-a), (6-b), the curve 1

expersses t?e)tneoretical velues of yern strength eccording
5 _

of Haemburger.

to Ssekeina.
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To determine the strength of blended yarn without pro-
ducing and tests the yarn from 100% of each blend component,
the yern strength can be calculated from Louis and Fiori(s)
equations. According to this equation and for yarn count
No 30, The yarn strength of 100% Gize 69 equals 330 gram,
for 100% Ashmouni equals 277 gram and that of polyester
(Tetoron) yarn 590 gram, these were the strength used for
plotting the daeg Hed line 2 in Pigures (5-a), (6-a) for
Giza 69/Tetoron end Figures {5-b) and (6-~b) for Ashmouni/
Tetoron blend.

Table (3): Physicsal properties of cotton/polyester
blended yarn.

Ne 30, for Optimum T.M. Optimum
—_ Twist
Malerial Skein Single C.V% of Single C.V% of Multipl-
break end single thread elongetion ier
factor sirength end gelongation (0.T.5.)
C.S.P. {g.) strength % v

For Giza 69/Tetoron blend

100, 2630  342.0 11.70 6.25 10.50 4.62
65,/35, 2975 343.9 12.59 6.58 9.28 4,10
50,/50, 3005 378.0 10.00 6.68 12.17 344
350/65p J3es 387.9 10.90 7.94 9.71 3.36

100, 4117 533.0  11.40 11.80 10.80 3.30

For Ashmouni/Tetoron blend

100, 2563 318.,0 10,00 6.93 9.00 4.60
65c/35p 2688 326.0 11.89% 7.41 11.50 3.86
500/50p 3016 368.5 13.30 T.73 11.54 3.84
350/65p 3201 391.4 12.73 8.61 10,95 3.60

100, 4117 533.0 11.40 11.80 10.85 3.30

¢ = cotton, P = polyester fibre {(Tetoron).
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The experimental results in Table (4) was used to drrive
the functional relation between the blended yarn strength and
proportion of tetoron im the blend.

The assumed relstion between blended yarn strength and

blend proportion is:
2

Y = a + bx + ox hence,
for Giza &9/Tetoron blend:
P = 343.1 - 99.042 B, + 286.38 BS R S 1)
and for Ashmouni/Zetoron blend:
P o= 317.592 - 47.718 B, + 262.5% B35 e EL(11)

where;
P is the strength of blended yarn,

B, im the proportion of polyester fibre (Tetorou) in

blends .

2

Table (4): Strength of Cotton/Folyester blended yarn.

Yarn Count Ne 30 (50 meteric count)
Cotton% 0 35 50 65 100
Blend ratio
Polyester% 100 65 50 35 0
Giza 69/Tetoron blend 533 388 378 344 342
Ashmouni/Tetoron " 533 392 369 328 318

The curve (3), plotted in Pigures (%-a, b} and (6-a, b)
expresses the functional relation between yarn strength and
blend proportion and given by equation E.(10) and E.(11)."

In Both Figures (7-a) and (7-b), the curne (3) shows the
relation hetween strength of blended yarn sund blend proportion
in the form of psrabolic function E.{(9). A4lso, the curve {4)
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expresses the predicted yarn strength in a sin form E.(6), and
tne curve {6) corresponds to equation (10) and (11).

The yern strength in relstion to the proportion in the
blend mey be determined tnrough & simple expreesion given by
equation K.(9) as follows:

P - PlBl + P2B2 - O.5(Pl + PE)[ B2(1’B2)1 'l.l.‘E!(g}
The curve (5) corresponds to the eguation &.(9) and shown in

Figures (7-a) and (7-b}.

The experimental results of yarn strength, marked with
{(x), were plotted against the tneoreticsl values of yarn
strength which were ooteined by the various methods.

Table (5): &actusl and Calculsted Yarn Strength.

Polyester KExperi- Pirst Method Second Method Porabolic

percent mential Form
results Humburgegl)Saksina(2) RathaﬁS) Ewala4) n.(9)

For Ashmouni/Tetoron blend

0 318 318 314 318.0 318.0  318.0
20l8) - 266 300 270.2  277.6  292.9
35 328 283 265 264 .2 266.4  296.5
5G 364 207 335 £83.7 263.7  319.1
65 35¢ 345 395 328.7 331.4  360.9
aof8) ~ 426 455 399.2 406 .6  421.9

100 530 533 533 533.0 533.0 533.0
For Gize 69/Tetoron blend

0 342 342 342 342.0 342,0, 342.U
oole) - 315 315 2u6.9 294.5  310.0
35 344 290 290 276.1 276.9  309.3
50 373 270 325 291.5 291.7 328.1
65 _ 388 345 390 332.5 333.3  366.6
gol8) ~ 425 455 401.5 409.1  424.8

100 533 533 533 533.0 533.0 533.0

(a} Yarn strength read from a smooth curve through the data in
Fig,(7-a,b),
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Table (6): The differences between messured and predicted

yarn sirengtn.

T.154

Pirst Method

Second Llethod Perabolic

Form
Hwnburger(l) b’aksina(a) Ratnanp)Ewaldw) £.{(9)
For Ashmouni/Tetoron blend
Mean Deviation 39.8 14.6 41 .85 41 .42 22.71
% mean deviation G.1067 0.0446 0.1174 0.1144 0C.Qb21
For Gize &69/tetoron blend.
Kesn deviatiorn 53,7 2.5 64 .44 61.38 4 BT
e mean deviation U.l4e6 . 074 0.1716 0.1634 w.0pz

5, CONCLUSIONS:

A g e g e

From the study of different methods for prediction of

blended yarn sirength, tne following can be concluded:

- There is no significant differences between the experimental

results and tne itneortical values ¢of yarn strength by &ll

metnods mentioned in previous work.

- Aporabolic function is recommended for eestimating the

strength of blended ysyrn from a two component blend having

100, of eech component.

~ Won~cooperation factur @ is determined for cotton/pdlyester
blend, throuc' "nicn the developed eguation gives the clos-
est values to 4Lhe experimental results.
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