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Abstract

n the present work a study was made about the effect of the followme five
parameters’ “vam lmear density , spmadle speed, traveller size, lop roller pressure
and cradle opeming” on the quality of ring spun yam.

The experiments were camried out by varymg each parameter at two fevels
using the fractional factonal techmque (9). The experimental design treatinent with
the help of mini-computer programming was used to detenmune the effect of mam
parameiers and two factor mteractions. A staustical analysts for the study of the
significance of main vanables and interactions between two paramerers were carriea
out by the method of variance analysis.

I- Introduction:

it 15 well known that spmning performance and varn quality at ring spirnmg
frame are govermed by many factors, such as, roller eccentrecity, spindle speed,
traveller weight, top roller loading, cradle spacing, break drafi, drafung roller
setting, feeding conditions and twist of the input roving (14,16,17.5.8)

R. Audivert et al. (13) studied the effect of apron spacing on yam quality using
four values of spacing and stated that : increase in apron spacing was tumed into
decreasing n both tenacity and umiformity of ring spun yams. End breaks also have
been shown to increase as apron spacing increases (12,17),

Yablonskii (11) studied the effect of roller weighting on yam quality and end
breakage rate and found that there was a high negative correlation between
weighing of the delivery rollers and the average nuimber of end hreaks. However no
significant cormrelation was found between delivery rollers weighing and yam
properties,

Audivert et. al (7) studied the effect of drafting speed on var irregularity . It
was foundd that | increasing  the drafting speed i tenns of spindie speed wcreases
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yarn irrcguladity when fibres of high extensibility and low modulus were employed.
Conversely, increasing drafting speed improves reguliarity of yams spun from iibres
of low extensibility and high modulus. -

Earlier working on high dralt ring frames equipped witli casablanca apron
cradles; Simpson et. al.(2,3 ,4) found that, spinnving draft has more effect upon yam
strength and yam uniformity than other parameters. The optimum draft value was
found to vary with yam count and cotton fibre parameters.

An earlier study(14) indicated that the hank of the mput roving and ring frame
draft can be varied over a wide range in top arm loading without affecting yarm
quality in coarse and medium varieties of cotton.

Simpson et. al.(1) studied the effect of doubling at ring frame, they found that ,
the benefits of doubling depend upon the count spun as well as the total draft. Also
Rantnam (16) conciuded that, there is a little difference between the quality of yam
when using single and double feeds in counts 40s and above .

Earlier work on top am drafting Salasubramanian .(14) have shown that, yam
quality s also affected by the input hank and feeding conditions (singie or double).
Further swudies indicated a high degree of mteraction between the different
processing variables, and the optimum with respect to each of them s found
dependent upon the value of the parameters.

Ei-Bealy et. al, (18) studied the influence of drafting zone parameters, such as |
break draft, distance clips, total draft, drafting spezd and blend properties at the ring
frame on the quality of two-component blended yarn. The investigation was carried
out by varying 2ach two vanables at different levels wiile the others were kept
constant,

El-Behery (15) camed out methodolgy studies to determine the effects of
raachine parameters, break draft, spacer stud and total draft on spuwning end
breakage, strength, elongation and yarn irregulanity for two types of cotton spun on
the Sacolowell Magna-draft system for both short and leng cradle types.

Thus the present study was auned to investigate the effect of yarn linear
density,, spindle speed, traveller number, top roller pressure and cradle spacing
using fractional factorial design technique to get a proper understanding of their
effect as individuals or interactions on yarn tenacity, umiformiy and yam
imperfections .

2- Experimental work:

2-1 Material used: _

Egyptian cotton fibres Gy of 32 mm mean length, 3 81 Micronair reading and
pressely index 11.1 ({b/mg) and trash content 3.64% was used in the present study.
2-2 Yarn production

The machine sequence was adopted for cotton fibre as shown in Fig.(1) (afl
items were put through).
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Fig. (1) Machine Sequence
Vd : delivery speed :

2-3 Measurements:

Yam Evenness: for each test 10 bobbins were presented to Uster Evenness
Tester 1. Material speed was 200 m./min, with testing tune 2.3 min. The yam nep
counts, thin places and thick places were tested under the same conditions.

Yam strength: Tests were performed on Uster Tensomat.Batches of 10
bobbins were tested with 20 individual tests / bobbin.

The count, and count vanation of the final ring yam w C. V% was tested using
Uster Autosorter.

Fibre parameters were examined for length characteristics on Digital
Fibrograph, trash content on shirley analyser and fineness on Shiefeld Micronair.
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2-4. Statistical Design:

The general method of analysis of the present study which is drawn from the
previous literature of expenmental design (9) wiil be descnibed here The fractional
factorial experiments was set up in order to investigate the quality of ring spun yam
and to optimize the yam linear density, spindle speed (r.p.m), traveller weight
(number), Joading the top ann (Kp) and cradle spacing (mm).

The 1vestigation of ring variables cach at two levels will entail 52 observation
(2% ), but the zim of the present investigation is to obtain infonnation on main effect
and mnteraction with the technique of “five factors in sixteen observation™ thau is
required by the complete design as shown in Tabie (2).

Table (1) Levels of Variables

Variables
Levels X1 X2 X3 X4 X5
Ne r.p.m ir. no. kp nun
Lower level (-) 30 2000 2/0 15 2.3
Upper level (+) 60 13500 5/0 18 4.0
Table (2} Plan of Experiments
Combination Level of Variables
No. Xl X2 X3 X4 X5 Response

1 - - - - - yl

2 + “ = = - y2

3 - + - . + y3

4 - - - a = vd

5 - - + . - ¥3

6 + - + - - y6

7 = + + = - y7

8 4 + - - + y8

9 - - - -+ + y9

10 + : : + : yi0

I & - + - vyl

12 * + - + yl2

13 - = = + . yi3

14 e - +* + + yl4

15 - ¥ + + + yls

16 + - - + . yl6
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Table (3) Yarn properties

Yarn Properties
rCombinauon Strength | Tenacity | Elangation| [rregularity | lmperfections/ 1000in
No. % - g./tex % CV% | thin | tnck | neps
| 450,74 | 22.88 5.42 910 0 23 095
2 205471 2086 3.77 1363 12.7 | 345 | 606
3 436,55 22.16 4.6 9.40 0 22 14
4 207.44 | 21.06 215 13.49 151 | 247 | 614
5 43025 21.84 336 911 0 2.2 12
6 21030 21.35 393 12.48 34 169 | 51.5
7 43498 | 22.08 4.57 9.09 0 1.7 9.8
8 204.58 | 2077 3.40 13.30 168 | 233 | 728
9 46531 | 23.62 5.62 892 0 22 1 2.1
10 200.84 | 20 39 3.39 12.25 43 [ 125 ] 519
11 456,451 23.17 4.74 882 0.1 25 | 120
12 165891 1938 2.49 14 .05 241 ] 266 | 70.0
13 47103 | 2391 535 8.94 0.2 2.4 13.2
14 21355 | 21.68 418 12.97 10.1 | 196 33
15 43675 | 22.17 4 64 9.19 01 23 | 148
16 208.03 | 21.12 3.57 12 .44 79 | 167 | 56.4
Table (4)

Regression coefficients
Responce Parameter

Regression| Strength | Tenacity | Elangauon| [rregularity | [Imperfections/ 1000m

oefficient | g wiex % C.V% | thin | thick | neps
b0 31033 [ 21.781 | 4.2] 1107 |[5925]12.025(36.063
bl -108.76| -0 953 | -0.804 2002 |[5.8759.782 (23.887
b2 621 | -0291 | 0.44) -0.149 | 2.088(0.475/2.838
b3 085 | 0.088 | 0.164 0134 [-0.113|-1.388]-0.375
bd 245 0.52 0.0061 0126 |-0125| -1.45 |-0.388
b3 486 | 0.744 | 0.048 0248 |-2.05(-2.088/-2385
bl2 246 | 0.047 | -0.042 095 1208805252363
bl3 439 0314 | 0221 -0.145 [0.188 |-1.313]| -0.65
bl4 -383 | -0334 | 0012 -0024 [-0.125|-1.388(-1.228
bl5 323 | 0.061 | -0.028 0.164 |-2.075|-2.088( -1.8
b23 092 | -0043 | 0109 -0.084 -0.7 [-0.113]0.075
b24 -352 | -0.179 | 0.029 0028 [0.1153]0975/-0.213
025 -1.334 ) 0153 | 0034 0015 138 [0988)-1.15
b34 0915 | 0.199 | -0.001 0075 |-0.163| 1.063 | -0.45
b35 -1.77 | 0.031 0026 0045 [0 11310.875[-0.113
bd5 -1.046 | 0.002 | 0.086 0088 [-0.675[-0.013| 0.55
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Table (5-a)
Summary of Variance Analysis
Mcan Sauare (M S)
Yam Propertics
Source Dearce
?f of | Strength | Tenacity |Elongation|trregulanty ﬂgp‘c_rl"ectionsl 1000m
Variance Frecdom| @ gex "o C.V% | thin * uck | neps
(1) Main efTects
Yarn connt (NedxX | 1 189279 14.5% 10336 64,12 SR225| 133K 6191298
Spindic Speed (r p.m)X2 1 616.9 1.35 s 0315 69,72 | 361 12939
Traveller pumber X3 I 1LGS | 01278 | 0429 029 19.80 | 3080 | 2323
Top toiler pressureXd ! 96 29 0363 00060 26 0,203 | 3364 | 240
Cradle spacing X3 | 17782 | 074370 | 0037 097|680 [ 6972 (12996
I(iiy Twe-Pactor
Interacions
Xixz i 96 77 0035 | 0ax6n 044 [ avT72 | 431 [ %20
XiX3 1 52 13805 0 TR63 1336 070 | 27.56 § 020
X1Xd4 1 23447 | 17890 | 00020 0009 | 025 | 00 | 3
XIXs 1 16738 | DOAIY | 00128 0479 | 6889 | 6972 | 1R
X235 1 13,59 00297 0.191] 0112 784 | 2216 | 676
X2X4 ] 19846 | 05140 | 00132 0013 203 | 1521 | 2450
X2X3 l 2849 | 03750 | 0.0187 0.004 | 0.276 | 1560 | 3183
X3X4 I 1341 | 06362 | 000003 | 0081 | 0423 | (R06 [ 0.09
X3Xs 1 50.23 00149 00110 0.032 0205 [ 1225 | 0723
XaX3 1 1754 | 0p00s | 01198 0123 729 | 064 | 2116

(For n =10) (*) Sigmficance for 99% (**) Significance for 95%
(***)Sigmficance for 90%

The five variables mentioned will be refered toas X1, X2, X3, X4 and X35
respectively. The levels chosen for each vanable as shown in Table (1), considering
the previous practical experience(9)

3-Results and Discussion

The results of yam quality tests at different conditons “16 experimental
combination™ for yam count , spindie speed | treaveller weight , top roller pressuce
and cradle spacing are shown m Table (3). Regression coefficients were detenmned
for the measured yam quality and tested for significance are given in Table (4)
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Summary of vanance analysis of different yarn characienisucs is shown in Tabic (3-
a) and (5-b) . Also two factor interactions winch have a sigmficant effect on yam
charactenstics are given in Tables(G) .

Table (5-b)
Summary of Variance Analysis
Mcan Square (M.S)
Yam Properuies
Source Degree
of of | Strength | Tenacity [Elongation| Irregularicy| Imperfections/ 1000m
Vanance Freedom| g lex % C V% | thin | thick | neps |
(I) Main efTects

Yarn count {Ne)X| 1 189279 4 14,53 10 336 6412 552,25 | 1538 G (w129 N
Spindle Speed (r.p n)X2 | 616 9 1.35 s n.s G972 | 361 (129

Traveller number X1 1 1165 0.1278 0429 0zy I9R0 | 3080 | 225

Top rollee pressureXd 1 96 29 01363 0.060 0.26 D203 64 ) 240
Cradle spacing X5 1 377.82 | 07370 | D037 0,97 G480 | GV 72 | 12996

(i) Two-Factor
Interacions

X1X2 ! 2%.77 0Ms V4360 0144 G972 441 | sy

X1X3 | 50932 1 5803 0 7863 0336 0| 2756 | 020

XiXs 1 23417 1.7891 6.0020 0000 028 | o | S04

XI1X§ i 167 38 040613 00125 n429 GRSV [ 6972 1x4

X2X3 | 1359 00297 01911 0112 784 | 2916 | 676

X2X4 ' 19846 33149 00132 a0l 200 | 1521 |24 5%

X2X5§ 1 28 49 03750 00187 0004 0276 [ 1560 | 3184

XiX4 1 13,41 06362 | 000003 0.031 0425 1306 | vov

X3X5 [ 3023 aLan 00110 0032 0203 | 12,25 ) 0723

Xa4X5 | 17 34 0.0005 01198 0123 729 | 064 | 2116

(For n=6) (*)Sigmficance for 99% (**) Sigmficance for 95%
(***) Significance for 90%

3.1 Yarn Strength

The analysis of results are given in Tabies (3-a) and {5-b), the main effect of
individual five paramneters and two-factor interactions winle three factor which are
regarded as negligible. The sigmificant effects m order of magnitude are Xi: yarn
count, X2 - spindle speed and X5 - spacer setting From the variance analysis, 1t can
be noticed that yarn count, spindle speed and cradle spacing have a significant cflect
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Table (6) Two- Factor Interactivn
(i) Yarn Strength
*Single end strength (gm)

Interaction X, N; Tnigraction X, X Imemciion X, Xs [neraction XX,
X X Xq Xa Xy X5 Xy Xa
- + - + - + - +
- 232 a6l T a3 2159 - 278 4116 P TN EET I
1969 2074 + |2035 20075 + 2008 2005 +|305.75 WG
* Tenacity (g/tex)
Interactuon X, X, Ineeaction X, X,
Xi X3 Xy X4
& + - +
- (2296 2251 - f2228 3.2
+ 12042 2128 4+ 12100 2064

{ii) Yarn Elongation
Interacion XXy

Xi X
. +
- (5095 498
+ 130 377
(iii) Yarn Irregularity
Interaction X, Xy Imteraction X, X,
Xy Xl Xi Xs
. + . -
- 206 908 . K09 916
+ (1336 12.79 * 1267 1349
(iv) Yarn Imperfections
= Neps/ 1000
Interaction X, Xy nteraction X, X, Imerachon X, Xs lateraction X.X«
Y Xs X, X X X X2 Xs
- + - + - - - .
= 116 1270 - 1130 1303 - 13 1o - 353 M43
343 65 15 + |61 53R 35813 + |61.58 58133 + {349 429
= Thin places 7 1000 n.
Interaction X, X; Interaction X, X,
X X2 Xy Xs
5 + : -
- o005 oos - Joors 0025
+ 763 1598 + |7T68 1593
* Thick places / 1000 m.
[nteraction X, X [nictaction XX
Xy xi X Xs
. * - +
- 233 am B TP RT3
+ 1765 26 0| + |8.48 12.68
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on vam strength property” single end swength, tenaciiy and elongation” Yam
lenacity decreases as spindle speed increases irom 9000 to 13500 r.p. m as showa
m Fig (2-1). These resuits are in agreement with earlier work (10). Tlus could be
explamed on the basis of mcreased drafting speed, icreases the average fibre
tenston wihich resulting i an increase in the fibres dragging out of the roving mto
the front roiler mip and this heips n reducing yamn strength,

In the present analysis, it is considered (hat the two factor interactions (10
items) were combined to give an estimate of error variance as shown 1n table (5-1)
Also since ihe interaction of X1X3, XIX4, X1X5 and X2X4 are large, the six
interactons were combiied to give an estimaie of error vanance as shown in Tabie
(5-b). Thius it is ciear that from the staustical analysis, the two factor interaction
X1X3  yam count with traveller weight, X1X4- yarn count with loading the top arm
affect  significantly at 95% level as shown in Table (5-a and 5-b) While the
interaction of X1X5 yam count with cradle spacing and X2X4  spindle speed wilh
pressure have a shght influence on yam swrength.

From the two way tables (5) and (6) and Fig (4) ., it cun be seen that the yam
expected count has a sumificant effect on yam strength, whatever, the condittons of
the other factors (traveller weight, loading the top ann). There is a Ingh value of
yam strength obtamed at low level of yam count (i.¢ for coarse count). Also the
traveller weight effect has -been notced, the lugh traveller number especialy at
higher level of yam count™ fine count™ resulting in a lower yarn strength than those
obtained (or coarse count. For the experimental yarn counts (30 to 60 Ne),
mcreasing loading the top arm resuited in a lower yam strength, Also closer setting
with course or fine counts results in  a higher strength than that obtamed at wide
spacer, this is due to better control of fibres by closer cradle setting . On the other
hand | the effect of spindle speed with pressure at top roller can be noticed i Table
(6) . The results indicate that a higher yam strength at lower level of spmdle speed
(for the two levels of top roller pressure) than those obtained for higher level of
spindle speed.

3.2 Yarn elognation:

From the expenmental results of yarmn elongation {Tables (5-a) and (5-b)], it
can be seen that , yam count and spindle speed have a sigmificant effect on yam
elongation. Higher spindle speed has a negauve effect on yam elongation s shown
in Fig (2-2).

The influence of two factor interaction on yarn elongation is given m Fig. (5)
and Table (6) The mteraction between yam count and traveller werght has a
significant influence on elongation at 95% confidence level. Also from two way
Tables (6) and Fig (5-2), w is clear that, as yam gets fner its elongation 1s largly
decreased by using heavy raveller weight.
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3.3 Yarn Irreguliarity

It can be noliced from the variance analysis that the matin effect of yarn count
cradle spacing on yam irregulartity 1s heighly significant (at 99% confidence lcvei).
As shown in Fig (3-1) using wide cradle spacing icreases vam irregularity (C. V%)
than that obtained with the closer one . This , may be attributed to a wide cradle
spacing that will help in imcreasing the number of floatmg fibres which results m a
high irreguianty.

The curves in Fig (6) show that, yam regularity deteriorates with finer count
than these with coarser count. The values of yam irregularity C. V% ranged between
95% to 12% at lower spindle speed while it varies from 9% to 14% at higher
spindle speed.

3.4 Yarn Imperfections:

From the statistieal analysis given in Tables (3-a)and (5-b), it can be seen
that, yam count has a significant influence on yam imperfections “ neps , thick
places and thin places at 99% * whatever the condition of other four paramelers.
Also |, the spindle speed affects significantly on neps and thin places at the levels of
99% and 90% respectively. [n additon to the influence of the earlier parameters,
yam imperfeclions were affected by apron spacing as shown in Fig. (3). Upper level
of cradie spacimig mcreased yam mmperfections , this may be due to the incidence of
slippage al wider apron spacing,

The two factor inleractions, such as, yam couut with spindle speed, yam count
with top roller pressure and yamn count with cradie spacing affect significntly neps
count. as shown m Table (5-a), (5-b) and (6}, as well as the mteraction between
spindle speed and cradle spacing . Also there are ancther two factor interactions, are
given 1n table (5-1), (5-b) and (6), which have a significant effect on number of thin
and thick places.

4- Conclusion:

The present study permits the following conclusions to be drawn:

0 It has been found that the parametcrs: yam linear density , spindle speed,
traveller size, loading the top anm and cradle opening have a sigmficant effect
on yarn quality . Also, the interaction benween the effects of lwo parameters is
sigmlicant in the majonty of the cases.

ii) Yarn strength:
Ring spun yam strength is mfluenced by spindle speed and cradle opeming:
The two factor mteraction such as X1X3, X2X4 and X1X4 affect significautly
on yarn strength..
A higher yam strength is obtained by close setting of cradle for fine and coarse
yarns,
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For both fine and coarse yams as loading the top ann micreased yam strength
decreased.

For both leveis ofloading the top arm as the spindle speed increased, the yarn
strength decreased.

(iii) Yarn elongation :
The experiments clearly show that;
Higher spindle speed and yam linear density affect sigmificantly on yam
eiongation.
mproper choice of traveller size for the linear density of required vam will
reduce yam elongation.

(iv) Yarn uniformity:
A bettec rign spun yam umiformity was obtained with closer cradle opening.
For higher linear density a befter unifonnity was achieved as the spudle speed

increased. Whereas for lower linear density increasing spindle speed causes
deterioration in yamn evenness.

(v) Yarn Imperfections (thin, thick places and neps/1000m ):

A constant relationsinp existed berween yam imperfections (thick, thin places
and neps) and yam linear density at various spindle speed and cradle opemng .
Under the reported spinning conditions 1t has been found that lower fnear
density , higher spindle speed and as cradle opening 1s increased yam
irregularity and imperfections increased
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