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Af\STRACT! The yarn ~ensiOIl during unwinding from cops wu measured for differen t types 
of balloon :;>reaker!. It ... as 10lJnd Ihat the trIangular ">reaker acts 10 reduce the ~alue 
of yarn ten3ion (0 a minimum level. 

In this work ,he behaviour of· )'am teMion under the effect of various dimen~i<ln~ 
of triangular breaker was measured. Trese mea.!ruremenl$ were cllrried-out for different 
colton yllrn coun t, Nt: 20. Ne )0 and Ne jO. 

3 
The e~perlmenu deslll.ned according to the ( J) factorial de,ign to .nvC$tigace tlie 

elicct of I.IlWifldll'lg dl~(ance, breaker cro::!!I-section and breaker height on the behaViour 
of yam ten:;ion. 

The resuliS declared that the dimen~lons o( baLk::on breaker have a significant ellect 
on tre values of yarn tension during unwinding from spinnmg cops , specially for coarse 
yarn CDunts. 

T\;e difference bet""ee~ the maximum value 01 yarn ten~iO\'\ at the cops base and 
its ma..:i1un value at the top of cops can be rer.uced by using ::l modified Viar>guldf 
breakcJ W,I.l~ a suitable dlmen5IDn~. 

I .. INTRODUCTION: 

From the important parameters in the winding process is the producllvity ( 
machine. And lrom the main p<lf"m<!:t<!:r~ whIch aC~ect the productivity is the wi 
speed of yarn from cops. But·as known belore, the yarn tension increases with 
yarn speed, and this re:spectivel~ affects the ~ercent of yarn breaks and machinE' ' 
Thus, to increas/nhe Y3.rn wichd,,,wing :speed, without a high increase in yarn tension 
breaker mun be \l5ed. 

According It:> the mea~ure'ment! In Ref.lIl. the yarn ten!.icn was meas' 
two types of balloon breakers, the fin,t type has a square cro!s-,ecrion and the :Ii 
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has a ciscular cro~J-5ection. By measuring the ten~ion using the first type. it was found 
that the level oj yarn tension increases with decreasing the length of balloon breaker (trom 
~ cm to 3 cm) with constant cross-section (2,')(2,~ cm). And wi Ih decreasing the dimensions 
of balloon breaker (length up to 7.' cm and cross-section to 2lt2 cm) the yarn teJUion increas
ed. Then, by measuring the yarn tension using the second type of balloon breaker. it was 
found that, by varying the breaker diameter from (2.' to 3.0 cm) and at constant length 
(9 cm), the yarn tension docs not have any significant variation. 

In Rel./2/, the yarn tension lIIas measured under the effect of the variation in cops 
dimensions. from IIIhich, it is noticed that, the level 01 yarn tension increases lIIith increasing 
the cops length. And this behaviour ot yarn tension is the same either by using balloon breaker 
or during direct lIIithdraliling from cops. 

The difference in the level of yarn tension at the top and base of cops must be 
reduced because this difference altectS package density during winding proce~s and consequent
ly the subsequent processes effiCiency and final product quality. According to Re/./3/, the 
package density is aHected by the value of yarn tension. i.e. the pakage density increases 
with increasing yarn tension. \[ is also evident trom Ref. /4/. that the radial force IIIhich 
acts to press the yarn layers on the package is atlected by the yarn tension during unlilinding 
from cops. 

• 
In Ref./5/ it was found theoreticalJy that the value of yarn tension decreases with 

changing the single yarn balloon to multi-balloons. 

According to Re!./6/, the measurements for yarn tension using diHerent forms 
of balloon breakers was carried-out. It was cleared that, the balloon breaker with a triangular 
cross-section aas to reduce the value of yarn tension to a minimurn vitlue. 

In the present study, the yarn tension lIIas measured during unwinding from cops 
to investigate the ellect of triangular breaker dimensions on the behaviour of yarn 
tension and to obtain the suitable dimensions of balloon breaker. 

2- EXPERIMENT AL: 

2.1 Material Used: 

The experiments were carried-out for three cotton yarn counts of Ne 20, Ne 30 
and Ne ~O • 

2.2 Ex~imenta1 Design: 
3 

A ( J' factorial design was applied to demonstrate the significant effect of the 
dimemions of triangular breaker on yarn tension. 

The considered factors are: 

- Distance between yarn guide and unlilinding point on cops surface= D. 
- Di mension of cross-section for t r i ~ular breaker = C. 
• Height of balloon breaker = H. 

The above factors were experimentally carried-ou t and sta !iStlCally analysed at 
the following three levels of equal intervals: 

D. -I from the tOp of cops. 

- Unwinding distance ( D l: D2 0 from the middle or cops 

D) +1 from the base of cops . 

- Triang!e leng th ( C ) : C 1 -I for triangle length 2 . .:5 cm 

C2 0 for triangle Jength 3.' cm 

C 3 +1 lor triangle length 4.' cm 
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2.4. Tension Measurements: 

Fig. (l) shows the arranr,cment of the apparatus used for measurements 0' yarn 
tension. The yarn is withdrawn 1rom cops by means of take..up drum with a speed 01 900 
m/min., fhen the yarn passes rhrough a modified triangular breaker to reduce the value 
of yarn tension. After that, the yarn is withdrawn through a measuring head (Rotschild) 
to record an electric signal. The electric .!.ignal varied according to the variation in yarn 
tension. The electric signal Irom the measuring head was amplified using an ampli1ier and 
then the signal was calibrated in force unitS and recorded on a chart recorder. 

The ::Iorce-time diagram was recorded during unwinding the tot., amount 01 yarn 
lrom cops. This expenment wa!l repeated tor 9 modified baUoon breakers with different 
dimensions. In cue 01 direct withdrawing from cops without using balloon breaker, the cops 
was adjusted at a distance 01 , ern from yarn guide. 

1- Stalionary cops 
2- balloon breaker 
1- measuring head 
4- yarn guide 
5- take-up drum 
6- press roller 
7 - amplifier 
&- char[ recorder 

2.5 Evaluation of Results: 

2 , 

Fig. (I): Arrangement 01 the apparatu.s 

From the recorded char t for yarn tension, the maximum values of tension were 
calibrated in force units (eN) and drawn a~ 5hown in figurest2,l,4 and (;). 

)- RESULTS AND DISCUSSION: 
3 

The yarn tension results accordin~ (0 the (J )lac'Lomil de5ign which are shown in table 
(l). The (hree facton discussed in this. work are considl!red quantitative '; The variance 
analy~ls is shown in (able (4J. 

Nom the quantitative analysis, it is cleared that, the linear and quadratic effect 
of the unwinding dis tance (D) and the breaker cross-section dimemllon (C) are highly signili -
cant for all yarn counB, alThough the level of signd kance of the factor (Cl seems to be 
10111 ! or Ne .sO. 

In other words. the .. alue or yarn tension lor all yarn counts increases by decreasing 
the amount o{ yarn on cops. And at the beginnlng of unwinding from cops the value ot yarn 
tension is decreased .... ith increasing the cross-section of balloon breaker I as shown in Figs. 
(2,;5 and 4) . 
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HI ~I for breaker height' em 

- Height of br~~ker ( H ) H2 0 lor breaker h~ighf 7 em 
H) +1 Jor breaker h~ight 'j em 

shown in tabl~ II) is the arragemcn t o! the factors which are used in the factorial design 

Table (I): Arrangement of the factors 

value oj Yarn t~nsjon (y i ) . 

C
I 

( - I ) C
2 

( 0 ) C) ( + I ) 

HI H2 H
J HI H2 H

J HI H2 H) 

(-I) (0) (+ 11 ( ·Il (0) (+ l) (- J) (0) (+ 1) 

DI (-0 YI Y2 Yla. Y 19 

D2 (0) ---

DJ (+ J) Y9 YI 8 Y27 

2.3. Specirication of the dimensions o{ balloon breaker w j I h tr iangular cross section 

As shown in table (2). 9 mooill~d balloon breakers were manufaeturec to demonstrate 
the yarn tension behaviour dur Jng unw\ntling from the spInning Cops. 

Tabl~ (2), Dimensions of the used triMl!;ular breakers 

breaker No. d irnensions C)( H ( em ) Speeifica tion 

2.5 x 5 

2 2.~ J( 7 

J 2.5 )( 9 

4 3.5 )( 5 

5 3.5 x 7 

6 3.5 x 9 

7 4.5)( 5 

8 4.5 )( 7 

9 4.5 )( 9 
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yarn 

count 

Ne 

20 

3D 

Heigh t ol 

breaker (H) 
unwinding DI 
distance(D); 02 

°3 

°1 

°2 
0) 

°1 

D2 
DJ 

Table (3): Yam tension rC$Ults 

Triangle length ( C ) 

C
I C 2 

HI H~ H) HI H2 HJ 

22.1 13.2 16.6 7J t.o 8.9 
26.2 2J.~ D.O 10.0 IJ.O 13.0 

46.5 47.0 24.7 39.0 32.0 28.0 

15.16 1).0 9.7 u.lI u.g 4.9 

18.3 14. I 13.3 10.8 8.3 8.0 

27.7 2(,.0 H.2 13.2 2~.' 22.5 

4.3 2.& 4.9 4.1 2.a 3 • .5 

1.0 7.3 6.J !.J 6.0 6 • .5 

1).6 17.7 14.J U.6 16.J 18.3 

T. 29 

C
J 

HI H2 H J 

6.5 6.5 5.!! 

13.0 15.0 12.6 

4J.5 36.8 34.0 

4.33 4.33 4.8 

11.7 10.18 8.4 

lOa 28.2 2'.':l 

4.) :U ).(, 

8.6 6.9 6.] 

21.7 19.J 20.8 

The :inear component ol the' breaker height (H), is hiRh:y 5igniHcant for the yarn 
COllnts of. Ne 20 u.nd )0 il"d Jl5 quadralic eftect I~ signifcant only for Ne 20. This can be 
I\oticed 1n Fig:;. (2 and Jl, where the level of yarn tension for all cross-sections 01 balloon 
breakers increases wi [h decrea5inp, the hel~h t ol balloon breakers. Nei Iher quadraflc cllecl 
of breaker hci1)ht ,. ~ignifiC""t lor the discu~sed counts. e)tcept that for Ne 20 . 

The interactiDn cHecl~ or each t .... o factors shows that, the inreranion of unwinding 
ci<tance (0) ..... i th rhe breaker dimenSIOn (Cl f in~'olvinE; the linear component of both factors 
is highly signillcanl lor all yarn CDunts, while t'\e quadratiC ei(ect 01 (D) with the linear d(ect 
of (C) approaches significance at the 10% level for Ne 3D and ~O only. All interaction, 
of bre.:>.kcr height (Ii) dnd dimenSion {el are SIgnificant lor yarn (aunt of Ne 20 and their 
interactions involving linear component of breaker height (L

H
) are also signj1icant lor Ne 

3D, while all their interactions for Ne '0 are not ~i~I\JJicaflt. None of the (D)tH) interactions 
are significant tor an discussed coun" ~)lcepl tt"lat .... hieh involves their linear components 
(LOLHI lor Ne 20. 

The Two-way rabIes whic/l are given in table (5), 5how5 that. the unwinding distance 
(D) has a significant effect on the valL.es of yarn tension whate~er tht condition a! Ihe 
olher lac tOl"S And its mall'mum values were obtained at 0 . There is a sharp peak a I this 
level which is responSible lor the large linear component at 0. which I~ in hc t the largeH 
Single eHect. From ,he (He) table, it i5 noticed that, the minimum tension ."allle~ Me 
obtained at thp highe~t level o( (H) wi tli the middle level of (e) for bOlh yarns oj Ne 20 
and Ne 3D, .~~l tor Ne '0, the mmimum yarn tension obtained either al (H 2 with C 2) or 

al (H .... ith C ). From the other hand. it is important thf'rpfore to consider the unWinding 
3 I 

tension behaviour by using Ihe difieren! balloor breakers shown In Figs. (2,3 and 4). From 
these /lgJres it is noticed t/lal, at the beginning o{ un"",inding Irom cops, there are dillerent 
breakers acting to reduce [he Y.J.rn [cnsiu" to .!. mini mum value, such that, breaker No 9 
(4.5 x 9 cm) lor Ne 20, breaker NO 7 (4_J x , cm) or & (II.' x 7 cm) {or Ne 30 and breaker 
No 2 (2.' )t 7 cml or '0.5 x 7 cm) lor "-.Ie '0. WhiJe at the end of unwinding lrom col"'s, 
the brea~er No J (2.' ~ 9 cm), act~ tv reuuce the yarn tensiol"l 10 a mmimum "'alues. Tt"lU1, 
it is e~sential tl"\erefore to choose the be$t breaker and the diHerences in the yarn tension 
levels at Ihe be~innmg and end of unwindint; muH be studied. 



Source of Variation ~'e~" Squares Variance R!!io 

Yarn C(Jun\ Ne 20 JO jO 20 )0 JO 

1- Main Effects: 

- Unlilinding Oinan~ (Ol, L 
..... .. ... . .. 

29.83.1 DII.~ g87.6 )J4.Bl- I',o.n 7J9.66 ..... . .. ..... 
Q j5~ 2.2 l}~.)6 76.8 j 01.~6 162.~3 6~.0 ..... ... ... 

- Tra'ngle Length (Cl, L 250.1 E0.72 'J.n 46.1~ 6).91 7.81 
~.* ... .. 

Q 2n.1 78.'7 j.J) ~J.02 112.70 ~.~6 

- Height 01 Breaker (HI. 
~44 .... 

L 119.3 )6.77 1.5 ~0.64 )8.7 1.2' 
• Q. 20.J O.()OOI 1.78 J.n 0.001 1.~8 

2- Two-Factor interactions: 
-Unwind-Distance and Triangle 

L l"~g\M (O.H) 
..... 

LO LH 125.7 l.J 0.16 2).79 :.36 0.1) 

Qn LH IU7 U'J ).0 2.' 1.67 2.' 

LO Q H 
1.0J 0.6) 1.'2 0.19 0.66 1.26 

Q
O 

Q
H 

0.01 2.13 0.07 0.002 2.4 0.06 

- Unlilind-Ois!. and Height 01 
<: ..... 0++ ... 
l: lireaker (DxC) LO LC 141.43 S5.'4 18.2.5 26.1' 90.0~ I.U 
~ • 
<: QO lC 0.02 ~.3" 6.08 0.003 5.1 '.Q6 
0: 

LO QC 
0.69 0.0 1.I4 O. J) 0.1) 0.9' 

-= 
'l:l Q O Q

C 
3.77 o.a~O) 0.006 0.7 O.OOOJ 0.005 

c. ., - H ~ignt 01 6reaker and Trianlll.le 
Z 

LH LC 
... .. 

i Lenr.th (J-IlICl 64.~7 '.9g 0.02 11.99 6.29 0.01 
<: Q H l 1.24 

... 
l: 42.06 0.1 7.35 0.1 1.0] 
"., 

lH 'fc 31.17 6.7 2.J •• .. 1.9 '.76 7.0J 
.i, QH "C 19.5' 0.1 • 0.17 3.66 0.1 0.14 

)- Thr~Filclor inleractionJ 
0 m.C:r.H) ...., }.~ 1 J.9) 1.2 

.....: 
( .... ) Jigni(ic.nt a! 99 'J6 
('00) "" al ~j 9!. 
( •. ) 8 \ 90 9!. 
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Table ,,). The two-way tables.. 

OIH DxC HxC 

Yarn 
count H{ H2 HJ 

Sum C I C2 
C 3 Sum C 1 C

2 C 3 
Sum 

Ne 

D
t
: 36.3 37.7 )1.) IOl.) 0l! 61.9 2lj.6 18.8 10'.) H 1: 94.8 '6.7 6' 216.5 

20 ~: 49.2 48.1 3,5.6 11M 02: 62.7 29.6 40.6 132.9 H2: 9).7 49.6 '8.) 201.6 

Di 1)\ 11'.& 1!.6.7 lJ.3.5 OJ: 118.299 1\6.J )3J.~ H): 54.) 46.9 '2.4 1'3.6 

Sum: 216.,5 20 J. 6 1.53.6 .57 l. 7 Sum~2/12.8 1.53.2 k7,.7.HI.7 Sum; 242.8 .D3.2 17'.7 '7 \. 7 

°1: 24.73 22.1) I'M 66.26 0\: Jll.3 14 • .5 1).4666.26 HI: 61.6 38.8 46.0) 146.4) 

)0 °2: 40.8 )2.,58 29.7 103.08 D2: 45.7 27.1 30.28 10).08 Hi 53.1 J7.6 42.71 133.41 

0): 80.9 78.7 71.6 231.2 OJ: 76.9 70.2 114.: 2>1.2 H3: 46.! )~.II 39.1 120.7 

Sum:146.43 133.41 :20.l4QO.,54Sum:160.9111.8 127.84 4::J0 • .54Sum: 160.9111.8127.84400 . .511 

0 1: 12.7 9.1 !2 .n8 D L: 12 10.4 11.4 3:3.8 HI: 28.'} 27 Jr..':' 90.5 

~ Di .52. '} 20.2 \9.1 64.& Di 22.& 19.8 22.2 64.8 Hi 27.g 2U 29.9 8).0 

DJ; .52.9 53.7 .n.6 16~.2 0): 47.8 50.4 62 160.2 H): 2.5.9 28.3 31.1 &5.3 

Sum: 905 83.0 8.5.3 2.511.8 Sum: 82.6 80.6 95.6 2.58.8 Sum: 82.6 80.6 95.6 258.8 

Fig. (.5) sho~s the dillerence in the level 01 yarn len~ion along cops length {or 
different yarn counts. As a general trend the difference in yarn tension increase~ .... ith increas
ing the cro.l5-section 01 balloon breal<er. for yarn c.ount!! of Ne 20 and .50 the minimum 
difference in tension jevel IS by using balloon breaker Ne 3 (2 . .5x9 cm). And the difference 
in tension level is minImUm for yarn count Ne >0 by u~ing balloon breaker No I (2. h:.5 em) 
or i (2.5><7 em) or J (2.j><9 (.111). for ali balloon breAker~ the level of the difference in yarn 
tension and the rate of !ll.lctuatiol\ {or these difletences increase ..... ith increasing the yarn 
linear densi ty. 

Fig. (6) sho~s the behaViour of yarn tensiOll along cops length ..... ithou[ using balloon 
breaker. The values of yarn tension at [he end of un ..... inding from cops can be reduced up 
to .50% when a suitable bililoon br~aker is u.sed. 

CONCLUSION: 

From the me:~urements arid duscu~.sion the 101l0,",lng conclusions can be. drawr. 

• The spinning cops (hmensioos have a signifk&fIt effect On the behaviour of yarn tenjion. 
To reduce the dlfference In the level of yarn tension along cops lenr.[h a suitable dimenSIons 
of the cops must be used. 

• It wall stauuically found that the dimension~ of balloon breaker affect Significantly yarn 
tension during l.Jn\Jinding from cops, 5.pecHlIlIy for )'arns of hIgh linear denSities . 

.. It is pre£erablc 10 use 1.1 bd.lIoul'l breaker ..... ,tl1 small cross-section, becau~e the \la\ue of 
yar:. tension increases with increasing the dimensions ol the rotating yarn baJloon during 
unwindIng tram cops. 
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.. It wu found that the balloon breaker NO 3 (2.5)(9 em) is considered the most 5uitable 
form, because this breaker reduces the yarn 'te .... sion and with a small difference in the 
levt!1 01 tension along cops length. 
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