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ABSTRACT

The manufactunng process, especially in a reputed industry like Padma Textile mulls Ltd
(Group of Beximco), is equipped with the modemn and sophisticated machine and
equipment However, there 15 still room for optimizing the levels of processing
parameters Three machines such as carding, ring fame & winding are such machines
Experiments were conducted by the design of experiment (DOE) approach to optimize
some selected parameters with the aim of making greater amount of quality yarn with the
same amount of cotton. A terminology is used in D O-E to indicate the target parameter
and the higher the yarn quality, the better is the situation for the industry. But there is a
precondition of increasing the quality of yarn must be achieved meeting cemtain set
condition, The condihon of the yam quality is measure of material utilization

Three machines are operated maintaining a range of set conditions, These conditions are
vaned by the operator according to operation, the demand and capacity. To take into
account the natural variation in the response of the output, several experiments were
conducted at the same set conditions of the parameter. The average was taken as the
eshmated of the true outputs. The quality standard was verified in each case

PTML has to be very serious on the quality of its yarn, Presently the mill controls the
process parameter according to the mamufacturer suggestion or by the expenence gained
by the operating personnel. [t 1s strongly felt that the yam qualrty can be improved by the
process parameters thorough scientific observation like factorial experiments.

All tests are conducted randomly to eliminate errors and considered mdividuals section to
get accurate results, To aveid the varation of data and complexity In the individuals
section, each parameter has to be maintained within centzin mnge and the combined
effect of parameter determines the final yam quality.

The 1ndividual section was not synchromzed because 2 test or series of test in which
purposeful changes were made to the input vaniables of a process or system so that one
may observe and identify the reasons for change in the output,

Carding machine is vsed to produce sliver and expenments were conducted to find the
most desired combination of the levels of carding delivery speed, flat speed and cylinder
speed. These three factors were vaned into two levels and thewr influence was
determined. The two levels of the factors are 80 and 100 m/min for delivery speed, 135
and 153m/min for flat speed, 375 and 426rpmfor cylinder speed. All the three
factors/parameters were found to have individual effect on the quality. Small interactive
effect of the parameters on the quality was observed. A delivery speed BOm/min, flat
speed 135m/min and cylinder speed 426 rpm were found to increase the production
Significance tests were conducted by the analysis of variance. It was found that the
delivery speed, flat speed and cylinder speed - all three parameters had significant effect
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on the quality. The interactions between cylinder speed & flat ;.;peed and cylinder speed
& delivety speed have significance effect on the quality. In al! cases the desired levels of
quality standard was venfied.

Ring frame is performed to preduce yam and experiments were conducted to find the
most desited combination of the levels of ring speed and twist per inch. The level are
vanied with into three levels ie. ring speed 18100,18600 and 19000 rpm and twist per
nch 25.18,25.48 and 25.78, Both the ring speed and twist per inch were found to have
main effect on the quahty. With the experimental limits of the factors, the min quality
was observed for nng speed 19000 and the twist per inch 25.78.

The most desirable condition was observed at ring speed 18600 rpm and twist per 1nch
23.48. A significance test was also conducted by the analysis of variance, Tt was a
significant interaction effect of the ring speed and twist per inch on the quality.

Winding machine is used to produce cone and experiments was conducted to find out the
most desired condition It may be mentioned here that each set condition, experiment was
rephcated for three times With three values standard deviation was calculated to check
the variability Quality standard, a parameter to measure the retained material, was
checked individualiy with very experiment to confirm the minimum acceptable level At
winding speed 1450 m/min, the variability was the lowest leading to the consistency and
customer satisfaction, Maximum quality standard was observed to occur at 1350m/min.
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Chapter -1

INTRODUCTION

L1 HISTORY OF COTTON

it was cultivated in India and Pakistan and in Mexico and Peru 5000 years ago. In these
two widely separated parts of the world, cotton must have grown wild. Then people
learned to cultivate cotton plants in their fields. In Europe, wool was the only fibre used
to make clothing. Then from the Far East came tales of plants that grew "wool”, Traders
claimed that cotton was the wool of tiny animals called Scythian lambs that grew on the
stalks of a plant. The stalks, each with a lamb as its flower, were said to bend over so the
small sheep could graze on the grass around the plant. These fantastic stories were shown
to be untrue when Arabs brought the cotton plant to Spain in middle Ages.

In the fourteenth century cotton was grown in Mediterranean countries and shipped from
there to milis in the Netherlands in Western Europe for spinning and weaving. Until the
mid eighteenth century, cotton was not manufactured in England, because the wool
manufacturers there did not want it to compete with their own product. They had
managed to pass a law in 1720 making the manufacture or sale of cotton cloth itlegal.
When the law was finally repealed in 1736, cotton mills grew in number. In the United
States though, cotton milis could not be established, as the English would not allow any
of the machinery to leave the country because they feared the colonies would compete
with them. But a man named Samuel Slater, who had worked in a mill in England, was
ablc to build an American cotion mill from tmemory in 17540,

The carliest evidence of using cotton as a textile fiber is from India. Cotton cultivation
first spread from India to Egypt, China and the South Pacific. Even though cotton fibers
had been known already in Southern America, the large scale cotton cultivation in
Northern America began in the 16th century with the arrival of colonists to southern parts
of today's United States.

The largest rise in cofton production is connected with the invention of the saw-tooth
cotton gin by Eli Whitney in 1793, With this new technology, it was possible to produce
more cotton fibers, which resulted in big changes in the spinning and weaving industry,
especially in England. Today, cotton is grown in more thar 80 countries worldwide.



1.2 COTTON

Cotion is defined as white fibrous substance covering seeds harvested from cotton plant.

Seed cotton harvested from cotton Plant.
|

LINT COTTON. Lint cotton is obtained by removing the seeds in a ginning machine, Lint
cofton spun into yam, which is woven or knitted into a fabric. Researchers have found
that cotton was grown more than 9000 years ago. However large scale cullivation
comrmenced during middle of 17th Century.

Many varieties of cotton are cultivated mainly from 3 important genetic species of
Crossypium,

L. HIRSUTUM — Plant grows in America, Africa, Asia also Australia. Plant grows {0 a
height of 2 meters.

2. BARBADENSE- Plant grows in America, Africa & Asia. Plant grows to a height of 2.5
meters with yellow flowers, long fiber with pood quality, fiber with long staple and
fineness.

3. ARBORFTUM - Perennial plant grows up to 2 meters with red flowers, poor quality
fiber in East Aftica and South East Asia.

There are four other species grown in very negligible quantitics. Cotton harvested from
the plant by hand - picking or machine picking is ginned to remove seeds and the lint is
pressed into bales for delivery to spinning mills. Cotton is Roller Ginned {RG) or Saw
Ginned (SG) depending on varieties and ginning practices. )

Cotten is cuitivated in 75 Countries with an area of 32 million hectares. Cultivation
period varics from 175 days to 225 days depending on variety. Cotton is harvested in two
s2asens, sumtner and winter seasons,

Saw ginned cotton is more uniform and cleangr than roller ginned cotton, But fiber
quaiity is retained better in rolicr ginning than saw ginning which has high productiviry.

A Cotton fiber has a tubular structure in twisted form. Now researchers have developed
celored cotton alse. As on date, percentage of cotton fibers use is more than synthetic
fiber. But, its share is gradually reducing. Cotton is preferred for under garments due its
comfort 1o body skin. Synthetics have more versatile uses and advantage for Industrial
purposes.



Fibers obtained from the mature capsule of the cotton plant, a shrub about 40 cm high,
with leaves and flowers of a red or yellow colour.When the flower is fecundated it loses
its petals and within 25 days a capsule surrounded by a leaf called bract grows. The
capsule is sustained by a cup and has a drop shape rounded at the lower extremity. Inside
the capsule there are from five to eight seeds on which the fibers developed. When the

capsule is mature it opens into four parts
showing the cotton ball. On the same plant
the maturation of the capsules does not oceur
simulianeously, therefore more passages are
required for the harvest of the cotton. The
harvest is carried out a week after maturation.
The first operation after harvesting is
husking, which permits the removal of the
fibker from the seeds. Then the cotton is
carded and combed so as to eliminate all the

impuritics. 4000 Fiber is the seed average.
Staple length = 1/8" - 2.5" (.32 - 6.35cm)

Fig 1.1 Cotion flower {Initial stage)

for manufacturing yarns, fabrics, 7/8" - 11/4" (2.22 - 3.18cm) is standard. Figure 1.1
shown the initial stage of tlower,

The requisites on the basis of which to judge
the quality of the cotton are the grade, the co
lour, and the length of the fiber and the
character. The final stage of flower figure is
shown in fig 1.2

The grade is given by the external
appearance of the cotton and is determined
on the basis of the major or minor brightness

of the fiber, by its more or less white color,
by the major or minor presence of particles Fig 1.2 Cotton flower (Final stage}
of the lcaf or other extrancous substances.

The color s another important clement of  evaluation of cotton.
In fact, from the major or minor whiteness of the cotton depends the facility of later
workings and the possibility of obtaining good yams. The color of cotton fibers differs
greaily: that of cultivated cotton is generally white, more or less candid or tending
towards grey; but there are also reddish, tawny, chamois, etc. colored varetiss.

The length is the most important atiribute of the fibers. In this repards, cotton is divided
into two large categories: long fibers cottons {long staple}, which measures more than 28
mms and armongst which Sea Island in the United States holds the record and the
Egyptian Maké and Sakellaridis which artive at and sometimes over reach S0 mms, and



short fibers cotron (short staple), that do not reach the length of 18 mms and that derive
Irom the Asian regions; there is also an intermediate category of cottons whose fibers
length is included between 18 and 28 mms, such as those from the United States Uplands
and which constitute the grand mass of the world production.

The character is the attribute determined with more difficulty. It is in part connected with
the origin, variety and maturity, but at the end a cotton of good character is that whose
fiber are the most strong and robust, so as to resist traction and breakage, homogenous
and uniform, so as to produce few losses in working, and have a complete physical-
chemical constitution, so as to give the cotton mass notable sohidity and compactness,
smoothness and sitkiness. The biggest cultivations of cotton are to be found in America,
India, China, Egypt, Pakistan, Sudan and Eastern Europe.

L2.1 THE FIBRES

Before it is processed, the cotton fiber is called lint. The lint grows inside the cotton balls,
which are the fruit of the plant. Inside each ball there are around 30 seeds,

When the cotton balls open, one can see the fluffy white cotton fihers that have been
growing inside. Cotton plants are grown. So the fibers can be made into many different
products, some of which we use everyday. Afier the cotton has been picked, it needs to
be cleaned, and the fiber from the cotton plant is then made into vamn or fabric. The seeds
that are taken out of the fibers can be fed to animals, or crushed to make oil. The leaves
¢an be tumed into mulch.

1.2.2 DIFFERENT TYPE OF FIBERS

All textile fiber has different properties which make them suitable for a variety of end
Lses.

Fiber can be grouped into:

» staple-  short, needing to be spun inte yam
+ Filament - long, used as they are or cut up and spun mto thread.

Mvatural fiber

Here are some examples:
= cofton, 2 staple fibers, comes from the cotton plant
» linen, a staple fibers, comes from the flax plant
*+ wool. a staple fibers, comes from animal hair

= silk, a filament fibers, contes from silk worms

Natural fibers are made from fibers harvested from plants and animals.



Synthetic fiber

These are mostly derived from oil products and bum easily,
Synthetic fibers include:

acrylic, from oil

nylen, from oil and coal

viscose, from wood pulp
acelate, from wood pulp

Most synthetics can be either staple or filament fiber.
Fibers blending

This is the process manufacturers use to combine two or more different staple fiber
within the same yam. A fibers blend has the combined propertics and benefits of each
compoenent fibers,

COTTON

Fibers type - staple fibers

Source - natyral

Properties - absorbent, soft, creases easily
Blends with - polyester, nylon

Examples - jeans, t-shirts, work wear

POLYESTER

Fibers type - continuous filament

Source - manufactured synthetic fibers from petrochemicals
Properties - non-absorbent, crease-resistant, easy-care
Blends with - wool, cotton

Examples - tents, shirts, work wear

ELASTANE

Fibers type - core elastane filament, covered with staple fiber
Source - manufactured synthetic fibers from petrochemicals
Properties - elastic/stretchy, good fit, comfortable, £asy-care
Blends with - most fiber

Examples - sportswear, underwear, fashion wear



1.23 THE COTTON PLANT

Cotton is a natural fiber as it comes from a plant, and makes up nearly half of all the
fibers sold in the world, The cotton grows on a plant that is & member of the Hibiscus
tamily, botanically known as Gossypium hitsutum.

If left to grow on it's own in nalure, the cotton plant can grow as high as 3.5 meters,
When grown on a farm, it only gets the chance to grow to about 1.2 meters. Cotton plant
is given below in figurel .3,

Fig 1.3 Cotton Plant

There are many different varieties of cotton: the most common type grown in Australia is
American Upland cotton {Gossypium hirsutum). This is a leafy green shrub that produces
cream and pink flowers that tumns inte the fruit or cotion bolls.



L.2.4 GROWING THE COTTON

Cotton plant's leaves resemble maple leaves and flowers look very much like pink
mallow flowers that grow in swampy areas. They arc relatives and belong in the same

plant family.

Cotton is grown in about 80 countries, in a band that stretches around the world between
latitudes 45 North to 30 South. For a good crop of cotton a fong, sunny growing season
with at least 160 frost-free days and ample water are required. Well drained. crumbly
soils that can keep moisture well arc the best. In most regions extra water must be
supplied by imrigation. Because of its long growing season it is best to plant early but not
before the sun has warmed the soil enough. Seedlings appear about 5 days after planting
the seeds. Weeds have to be removed because they compete with seedlings for water,
light and minerals and also encourage pests and diseases. The first flower buds appear
after 5-6 weeks, and in another 3-5 weeks these buds become flowers.

Each flower falls after only 3 days leaving behind a small seed pot, known as the boll.
Children in cotton-growing areas in the South sometimes smg this song about the
flowers: Each fibers grows its full length in 3 weeks and for the following 4-7 wecks each
fibers gets thicker as layers of cellulose build up the cell walls, While this is happening
the boll matures and in about 10 weeks after flowering it splits open.

The raw cotton fiber burst out to dry m the sun. As they lose water and die, each fiber
collapses into what looks like a twisted ribban. Now is time for harvesting. Most cotton is
hand-picked. This is the best method of obtaining fully grown cotton because unwanted
material, called “trash", like leaves and the remajns of the boll are left behind. Also the
cotton that is too young to harvest is left for a second and third picking. A crop can be
picked over a period of two months as the bolls ripen. Countries that are wealthy and
where the land is flat enough usually pick cotton with machines - cotton harvesters.
Global cotton verities according to the planting and harvesting periods is given the
following table 1.1



GLOBAL COTTON - VERITIES - PLANTING AND HARVESTING PERIODS

;E-L.Nnr’— Country lP]anting Period f Harvesting lStaple-mm‘ Mic ‘ Variety
' IAFGHANISTAN [APRIL-MAY 'OCT-DEC |2638 40 [ACALA
2~ ARGENTINA  [SEPT-OCT _ |FEB-JUNE 2428 [3.9-4.1 [TOBA

3 'AUSTRALIA__ [SEPT-NOV ~ |MARJUNE 429 [.24.5 [DPL

"4 BRAZIL OCT-NOV  |MAR-JUNE {26-28 3240 [aC -
~ BRAZIL [PERENNTAL | [32:35 |3.2-4.8 [MOCO

6  CAMERRON  [JUNE ~ NOVIDEC [35-28 [3.8-43 [ALLEN

9  CHINA IAPRIL-TUNE  SEP-OCT  [22-28 [3.5-4.7 [SHANDONG
10 COTED IVORIE [JUN-AGG OCT-JAN  [24-28 12.6-4.6 [ALLEN
11U EGYPT ~ IMARCH [SEP-OCT  [31-40 3246 [Glza

12 'GREECE [APRIL SEPT-OCT  [26-28 3.8-42 [4S

13 mDIa [ABRIL-NOV [SEP—NOV ‘16-38 }2.3-19 JE;ES?T‘*‘RME
14 IRAN IMAR-APR ~ [SEP-NOV  [26.28 [3.9-4.5 [COKER

18 MEXICO [MAR-JUNE ~ JAUG-DEC  [26-29 3.5-45 [DELTAPINE
19 MOZAMBIQUE NOV-DEC [APR-MAY  [25.29 3.6-4.2 [A637

20 NIGARIA WUL-AUG IDEC-FEB  [24-26 2.5-4.0 [SAMARU
21 PAKISTAN IAPR-JUN ISEP-DEC  [12-33 [3.56.0 |

22 PARAGUAY I0CT-DEC MAR-APR  [26-28 [3.3-4.2 [EMPIRE
23 PERU TUL-NOV FEB-AUG  [29-.8 3.342 [TANGUIS
24 'SPAIN |APR-MAY SEP-NOV  [25-28 3.3-49" [CARCLINA
25 SUDAN AUG ~ JUNZAPR  27-EC [3.8-4.2 [BARARAT
26 SYRIA IAPR-MAY ~ SEP-NOV [25-29 [3.8-48 [ALEPPO
28 TOGO JUN-JUL NOV-DEC [28-29  [4.3-5.5 |ALLEN

29 _ TURKMENISTAN [APR-MAY  SEP-NOV  [24-29 [3.5-5.5 [DELTAPINE
30 TURKEY _APR-MAY  GEP.NOV 12478 3.5-5.5 [DELTAPINE
3l UGANDA |APR-JUN NOV-FEB  [26-28 3.3-48 [BAP-SATU

‘Table 1.1 Global cotton verities according to the planting and harvesting periods,




1.3 COTTON AND YARN QUALITY CO-RELATION

Essential charactedistics of cotton quality and characteristics of yam quality of yam are given
trom detailed experimental investigations. Some of the important conclusions which help to
find co-relation between varn quality and cotton quality are givén below:

NEPS: A nep is a small tangled fibers knot often caused by processing. Neps can
be measured by a nep tester and reported as the total number of neps per 0.5
grams of the fibers and average size in millimeters Nep formation reflects the
mechanical processing stage, especially from the point of view of the quality and
condition of the machinery used.

STAPLE LENGTH: If the length of fibers s longer, it can be spun into finer counts
of yarn which can fetch higher prices. It also gives stronger yam.

STRENGTH: Stronger fiber gives stronger yarns. Further, processing speeds can
be higher so that higher productivity can be achieved with less end-breakage.
FIRERS FINENESS: Finer fiber produce finer count of yamn and it also helps to
produce stronger yarns.

FIBERS MATURITY: Mature fiber give better evenness of yam. There will be
fewer ends - breakages. Better dyes' absorbency is additicnal benefit,
UNIFORMITY RATIO: Yam uniformity ratio higher is more even and there are
reduced end-breakages.

ELONGATION: A better value of elongation will help to reduce end-breakages in
spianing and hence higher productivity with low wastage of raw material.
NON-LINT CONTENT: Low percentage of trash will reduce the Process waste in
blow Room and cards. There wili be fewer chances of yam defects.

SUGAR CONTENT: Higher sugar content will .create stickiness of fibers and create
processing problem of licking in the machines.
MOISTURE CONTENT: If moisture content is more than standard value of 8.5%,
there will be more invisible loss. If moisture is Jess than 8.5%, then there will be
tendency for brittleness of fibers resultung in frequent yarn breakages.

FEEL: If the feel of the cotton is smooth, it will be produce more smooth yarn
which has potential for weaving better fabric.

CLASS: Cotton having better grade in classing will produce less process waste
and yam will have better appearance.

GREY VALUE: [t means it can reflect light better and yam will give better
appearance.

YELLOWNESS: When value of yellowness is more, the grade becomes lower and
lower grades produce weaker & inferior yams.

NEPPINESS: Neppiness may be due to entanglement of fiber in ZINning process or
immature fiber. Entangled fiber can be sorted out by careful processing But, Neps
due to immature fibers will stay on in the end preduct and cause the level of yam
defects to go higher.



An analysis can be made of yam properties which can be directly attributed to cotton
quality.

I. YARN COUNT: Higher count of yam can be produced by longer, finer and stronger
fiber,

2. C.¥. OF COUNT: Higher fiber uniformity and lower level of short fibers percentage will
be beneficial to keep C.V {Co-efficient of Variation) at lowest,

3. TENSILE STRENGTH: This is directly related to fibers strength. Longer length of fibers
will also help to produce stronger yams.

4. C.V. OF STRENGTH: Yarn is directly related CV of fibers strength.

5. ELONGATION: Yam elongation will be beneficial for weaving efficiently, Fibers with
beiter elongation have positive co-relation with yarn elongation.

6. C.¥. OF ELONGATION: C.V, of yam clongation can be low when C.V., of fibres
elongation is also low.

7. MARS VARIATION: This property directly related to fibres maturity and fibres
uniformity.

8. HALRINESS: Faster processing speeds and high level of very short fiber,

9. DYEING QUALITY: Yam dyeing quality will defend on evenness of yarn and marketing
of cotton fibet.

10. BRIGHTNESS: Yam will give brighter appearance if cotton grade is higher.

10



L.3.1 COTTON QUALITY SPECIFICATIONS

The most important fibres quality is fibres length. Classification of fiber length is given

in table 1.2

LENGTH

]

: Staple . .

:t classification Length mm [ Length inches ’7 Spimming Count

Short | Lessthan24 | 15/16 -1 [ Coarse Below 20

Medium | 2428 [ L113271332 | Medium Count 20s-34s

Long P 283 1 133213 | Fine Count 34s — 60s

Fxtra Long | 3440 | 1381916 |  Superfine Count 80s . 1405 |

Table: 1.2. Classification of fiber length

MNotes:

* Spinning Count does not depend on staple length only. it also depends on fineness

and processing machinery,

* Length is measured by hand stapling or Fibro graph for 2.5% Span length
+  2.5%SL (Spun Length) means at least 2.5% of total fiber has length exceeding

this value,

»  30% SL means at least 50% of total fiber has length exceeding this value,

LENGTH UNIFORMITY
Length Uniformity is calculated by 505L x 100/ 2.5 SL
Significance of UR (Uniformity ratio) is given below:

UR% Classification 50-55

Very Good 45-50, Good 40-45

Satistactory 35-40

Poor Below 30 Unusahble

M= 502 SL

UHM SL - Average value of length of longest of 50% of fiber
UHM means Uniform hairiness.

Ul Uniformity Index
Ur M UHM

1



Length uniformity for different type of fiber is given table 1.3

[UINDEX  |CLASSIFICATION [UHM ICLASSIFICATION
rE_E]ﬂW 77 IVery low IBelow 0.99 _._I|Shuﬂ

[77-99 Low 0.99-1.10 Medium

|80-82 [Average [(11-1.26 [Long

EJ-ES ﬁ-ﬁgh [.Ihovc 1.26 |Extra Long

jAbove 83 [Ver}r High f ]

Table.1.3 Length wniformity for different type of fiber.
Now Uniformity is measured by HVI
HVI means High Value Instrument
FIBERS STRENGTH
Fibers strength, next important quality is tested using Presley instrument and the value is
given in thousands of pounds per square inch. (1000 psi) For better accuracy, Stelometer

is used and results are given in grams / Tex.

Lately, strength is measured i HVI (High Value [nstrument) and result is given in terms
of grams/tex.

[nterpretation of Strength value is given below in table 1.4

{G/tex [Classification
I!BEIU'W 23 |Weak

124-25 Medium
fE;S—ES |Average
f29-3[l Etrong

IAbove 31 Er}r Strong

Table 1.4 Fiber strength
Strength is essential for stronger yarns and higher processing speeds.

+ Fibers fineness and maturity are tested in a conjunction using Micronaire
Instrument,

= Finer fiber give stronger yarns but amenable for more neppiness of yarn due to
lower maturity.

*  Micronaire values vary from 2.6 to 7.5 in various varieties.
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FINENESS AND MATURITY

Micronaire value is referred to evaluate fineness of cotton and its suitability for spinning
particular count of yam. The value is a combined result of fineness and maturity of cotton
fibers, it cannot be interpreted, property for ascertaining its spinning value. This value
should be taken in conjunction with standard value of calibrated cotton value.

The following table will explain that micronaire value goes up along with maturity but
declines with thickness of fibers. An Egyptian variety of cotton, three samples of High
maturity. Low maturity and medium maturity were taken and tested. Test results are

given below in table 1.5

Maturi ty iMlicronaire ['Perimeter [Maturity |Matu rity Ratio
High ‘43 [52.9 8.1 .02
iMedium 4.0 34.4 180.1 |0.96
Low 3.9 |54.7 179.3 10.95

Table 1.5 Maturity of fibers

Here, Micronaire Value of 4.3 is higher than 3.9 of low fmaturity cotton, Greek cotton
was tested and results are given below in table 1.6

'High 3.8 I57.0 75.1 “foss
High | -

Medium  [3.5 |54.9 70.7 10.84
iLow 13.2 155.2 l63.8 |0.80

Table 1.6 Micronaire Value {Greek Value)

Micronaire Value of 3.8 is higher than 3.2 of low maturity cotton. Ametican cotton was
tested and results are as follows in table 1.7

[Fligh 4.1 |64.4 759 jo.87
[Medium  [3.4 l62.1 I68.0 [0.80
ILow 27 59.8 [56.1 ~ os7

Table 1.7 Micronaire Value {American Value)
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It is essential to know what Micronatre value is good for each variety of cotton,
Micronaire value is good for each variety of cotton is given below table 1.8

IMaturity Ratio |Classification
i] 00 and above _HIVW_V Mature
0.95- 1.0 |Above Average
10.85-0.95 *IMature

[ﬂ,S{} - .85 IBelow Average

jLn:ss than 0.80

JI mmature

Table 1.8 Micronaire value is good for each variety of cotton

COTTON GRADE

Cotton grade is determined by evaluating colour, leaf and ginning preparation. Higher
grade cottons provide better yam appeatance and reduced Process waste,

Colour is determined by using Nickerson-Hunter Calorimeter. This gives values Rd
(Light or Dark) and +b {Yellowness),

American upland cottons are classified according to grades as given as below n table 1.9

WHITE COLOUR

S.NO | GRADE ~ [SYMBOL ICODE
h ‘GOOD MIDDLING [GM 1

2 'STRICT MIDDLING SM 21

X IMIDDLING M 31

4 STRICT LOW MIDDLING _ [SLM 41

s 'LOW MIDDLING LM 51
s STRICT GOOD ORDINARY __ [SGO 61

7 GOOD ORDINARY GO 71

3 BELOW GRADE ] 7

Table 1.9 Colour grade

14



1.3.2 CHOOSING QUALITY

It is better if quality bench marks are established for different varieties so that buying
decisions are easy for buyers following standards have been found to be appropriate for
Strict Middling Grade cotton of staple 1.3/32".

1.
2.

N B

Staple Length ( 2.5% Spun Length) - Minimum 1.08" or 27.4 mm

Micronaire : Minimum 3.8, Maximum-4.6 Variation within bulk sample should
not be more than _ 0.1

Colour : Rd not less than 75 not more than 10

Nep Content: Less than 150 per gram

strength : More than 30 grams/tex

Length Uniformity Ratio: Not less than 85%

Elengation ; More than 8%

Commercial benchmarks can be given as follows:

Price Competitiveness

Price Stability

Easy Availability throughout year

Uniform Classing and Grading system

Even- munning cotton in all Characteristics

Reliable deliveries or Respect for sanctity of contract.

A e

Characteristics co-relation to yam is given below in table 2.0

CHARACTERISTICS CO-RELATION TO

fQUAL]TY EVALIFATION YARN

1. Staple Length [Spinning Potential

E, Fibers Strength [Yam strength, less Breakapes

3. Fineness | Finer Spinning Potential

4, Maturity tYam Strength and even ness, better dyeing
|5.Uni formity Ratio |Better productivity and Evenness
6. Elongation [Less end Breakages

i7. Class 'Yam Appearance

[S_.Grey Value [‘r’am luster

!9.Yclluwness iYamn Appearance

irlﬂ.NeppineSS |Yam neppiness

|8.5% moisture content optimum for spinning at

|
-

Table 2.0 Characteristics co-relation to yamn
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L4 APPLICATION
The major end-uses of cotton include:

+ Apparel - in a wide range of wearing apparel; blousgs, shirts, dresses, children
wear, active wear, separates, swimwear, suits, jackets, skirts, pants, sweaters,
hosiery, neckwear.

» Home fashion - curtains, draperies, bedspreads, comlorters, throws, sheets,
towels, table cloths, table mats, napkins

+ Medical and cosmetic applications - bandages, wound plasters

» Technical applications -

White cotton articles should be washed in the washing machine at 60° C, whilst colored
cloths, especially if dark, should be washed at lower temperatures. Normally it should be
ironed on the right side. Dark articles should be first ironed on the inside and then on the
outside, with & cloth, to avoid that the heat of the iron shine the cloth. White articles can
be starched to give more consistency to the cloth and avoid it creasing easily.

1.5 MAJOR PARAMETERS IN YARN PROCESSING

Padma textile mills Itd (PTML) major yarn manufacturer for export-oriented indusiries.
PTML has to be very seripus on the quality of its yam. Presently the mill controls the
PIocess parameter according {0 the manufacturer suggestion or by the cxperience gained
by the operating personnel. It is strongly felt that the yarn quality can be improved by the
process parameters thorough scientific observation like faciornial cxpeniments. There are
three sections here back section, ring section and finishing section. Mainly three process
parameters are considered in back section. They are carding delivery speed, cylinder
speed and flat speed. Two parameters are identified in ring section; they are ring speed
and twist per inch. In finishing section, only the winding speed is considered as a process
parameter.

The quality output parameters in the back section are sliver neps, sliver length,
unevenness of mass, co-efficient of variation of mass, relevant count. Among them sliver
neps is the most impertant quality parameter. Therefore, in this study only the sliver neps
I1s considered as output parameter for factorial analysis. The quality output parameters in
the ring section are yam neps, yarn count, tenacity and elongation ,unevenness of mass .
co- efficient of variation of mass, thick place, hairiness. Among them, yam neps is the
most important quality parameter. Therefore, in the study the yam neps is considered as
an ocutput parameter. The quality output parameter in the finishing section is yarn neps,
yarn short cut, long cut, thick cut, tenacity and clongation. Only the yamn neps  is the
most important quality parameter. So, in this study yam neps is considered as an output
quality parameter for factorial analysis. '
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1.7 AIMS AND OBJECTIVES OF THE STUDY

Productivity is affected by the operating parameters, machine avai lability, raw material
condition, weather, operator's alertness ete. Experiment may be conducted by controlling
input level of the parameter to optimize the yarn quality. Some selecled significant
parameter of Carding, Ring Frame and Winding were varied while all other factors were
kept constant. Following design of experiment methadology.

The specttic objectives of the study are as follows:

a) To study the acquisition process of the yam manufacturing,

b} To identify the significant process parameter,

¢} To evaluate the optimum input level of the parameters.

d) To determine the main and interactive effect on the input parameters on the yam
quality by design of Experiment.

1.8 ORIENTATION OF THE THESIS

In the introductory chapter of cotton and yam quality co-relation, cotton quality
specifications, choosing quality, major parameter in yam processing, orientation of the
thesis, aims and objectives of the study.

The second chapter “Background study and literature search™ contains introduction,
processing of yarn and manufacturer's targer, design of experiment, advantage of
factorial design and application of factorial design.

In third chapter “State-of-art technology of yarn manufacturing” brief description of
technology used in yarm manufacturing is described. This chapter consists of the
description of some major yam processing machines as well as their aperating and
production process.

The fourth chapter titled” Experimental procedure and data collection” consists of
plarning of experiments, procedure of experiment, screening of data, randomization,
specification etc.

The fifth chapter analysis and observation of experiments are described. This chapter

consists of main and interactive effect of different factors, observation of £xpenments,
effect of result on yam quality etc.

Finzlly, in the last sixth chapter results and conclusicns found from experiments are
described. Recommendations for future works are also mentioned in this chapter.
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Chapter 2

BACKGROUND STUDY AND LITERATURE SEARCH

2.1 INTRODUCTION

Industry has become increasingly aware of the imporiance of quality. It is being used as a
business strategy to increase market share. Organization is achieving world class quality
by using design of expediments. Therefore EVEry company wants to lower the cost,
improve quality and become more responsive to customers.

The Textile industries are among the most competitive in the world , driven as they
are by the pressures of giobal supply lower price and improve quality . Mesting
global standards is difficuit due diffcrences in operating practices in different countries.
Their specification go behind the measurement |, and define how process should be
essential to optimizing the quality . The textile manufacturers improve the quality by
maintaining of their different parameter in the manufacluring process. The organization
culture can motivates and enables the worker to do what is necessary to deliver quality
service,

2.2 PROCESSING OF YARN AND MANUFACTURER’S TARGET

In yarmn manufacturing industry, the quality yarn produced is important. Therefore every
company wants to lower the price, optimize the quality and become more responsive to
Customers.

There are varieties of application of optimizing technique, These techniques are helpful
in sustaming in business, keeping the production price stable in the situation of
increasing fixed cost, raw material cost, labor cost, taxes etc. Moreover, through these
techniques it is possible to maintain feasible price rate of product for customer, Thus it
checks consumer’s grievances due to price rise and maintains customer satisfaction.

In the production line of an industrial organization it is always a matter of concern to
determine the process vatiables which affect the certan areas of interest (popularly
known as response). A logical next step is to optimize, that is to determine the region in
the important factors that leads to the best possible outcome, also termed as response in
the design of experiment. For example, if the Tesponse is yield, it would look for a region
of maximum yield. Whereas if the response 15 the variability in a critical product
dimension, it would seek a region of minimum variabrlity,
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2.3 COMMON METHODS OF OPTIMIZATION

There are many methods used to optimize the output and profit. These are linear
programmng, factorial design, response surface design, nested or hicrarchical dei gn ete.
Brief description of these design methods is given below:

a)

b)

Linear programming: In this method the objective function is determined in the
form of 2 linear equation. The constrains to achieve this objective function arc
also expressed in form of algebraic equation. Optimizing can be achieved by
solving these equations manually or with computer software,

Factorial design: factodal design involves the study of effects of two or more
factors. It is ane of the most efficient methods. it neans that in each complete trial
or repiication of the experiment all possible combinations of the levels of the
factors invested. For example, if there are * a * love! of factors A and ‘b’ levels of
factor B, then each replicate containg  all ‘ab’ treatment combinations. When
factors are arranged in a factorial design, they are satd to be crossed.

Response surface design: Response surface methodology {RSM) is a collection
of mathematical and statically techniques that are useful for modeling and
analysis of problems in which response of interest is influenced by several
variations and the objective is to optimnize this response.

2.4 DESIGN OF EXPERIMENT

Experiments are performed by investigations in vittuaily all fields of inquiry, usually to
discover something about a particular process or system. A deigned experiment is a test
ot series of tests in which purposeful changes are made to the input variables of a process
Or system so.that we may observe and identify the reasons for changes in the output
response.
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Fig2.1: General model of a process or system

The process or system can be represented by the model shown in fig: 2.1.We can usually
visualize the process as a combination of machines, methods, people and other resources
that transform seme input foften a materal) into an output that has one or more
observable responses. Some of the process vanables are controllable, whereas other
variables are uncontrollable (though they may be controllable for purposes of a test). The
objective of a process is to optimize output by considering all controllable and
uncontrollable variables as much as possible.

Factorial design methods have found broad appiication in many disciplines. In fact, we
May view experimentation as part of the scientific process and as one of the ways we
icarn about how system or processes work, Generally, we leam through a series of
activities in which we make conjectures about a process, perform experiments to generate
data from the process, and then use the information from the expetiment to establish new
conjectures which lead to new experiments, and so on.

Experimental design is a critically important tool in the engineering world for improving
the performance of a manufacturing process. It also has extensive application in the
development of new process. The application of experimental design technique early in
process development can resull in the following:

a) Improving process yield

b) Reduced variability and closer conformance 1o nominal or target requirement
¢) Reduced development time.

d} Reduce overall costs,
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Experiment design methods also play a major role in enginecering design activities, where
new products are developed and existing ones improved. Some applications of
cxperimental design in engineering design inciude

a} Evaluation and comparison of basic design configuration.

b) Evaluation of material alterations.

c) Selection of design parameters that the product will work well under a wide
variety of field conditions, that is, so that the product is robust,

d) Determination of key product design parameters that impact product performance.

The use of experimental deign in these areas can result in products that are easier to
manufacturer, product that have: enhanced field performance and reliability, lower
product cost and shorter product design and develap time.

2.5 ADVANTAGE OF FACTORIAL DESIGN

I'actorial designs have the several advantages. They are more efficient than one factor at
a time expenments. Furthermore, a factorial design is necessary when interaction may be
present to avoid misleading conclusions. Finally 2 factorial designs allow the effects of a
factor to be established at several levels of the other factors, yielding conclusions that are
valid over a range of experimental conditions. Relative efficiency of a factorial design to
one at a time experiments is shown in fig.2.2

Relative efficiency
= N
- Mt

e
on
1

=

4 6 8
Number of factors

[w]
]

Fig2.2: Relative efficiency of factorial design to a one factor at a time experiments {rwo
factor levels)
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The advantage of factorial deign can be casily illustrated. Suppose we have factors A and
B, each at two levels. Denote the jevels of the factors by A, A; By B; Information on
both factors could be obtained by varying the factors one at a time. The effect of
changing factor A is given by A; B, - A,B,. Since experimental errors are present, it is
desirable to take two observation, say, at each treatment combination and estimate the
cffect of the factors using average response. Thus, a total of six observations are required,

One factor at a time methods

Factor B
B, B,
Factor A Al By ’ A B,
A» B, 1 Nil

Figure: 2.3 One factor at a time method

[f a factorial experiment had been performed, an additional treatment combination, A;B;
would have taken. Now, using just four observations, two estimates of the A effect can be
made: AxB; - AyB| and A; B; - A Bg. Similarly, two estimates of the b effect can be
made. These two estimates of each main effect could be averaged to produce average
main cffects that are just as precise as those from the single factor experiment., but only
four total observations are required and we would say that the relative efficiency of the
factorial design to the one-factor-at-a-tima expenment is 64 = 1.5 Generally, this
relative efficiency will increase as the number of factors increases.

Now suppose, interaction is present. If the one-factor-at-a-time design indicated that
AB; and AyB) gave better response than A Bz, a logical conclusion would be that A,B,
would be betrer. However, if interaction s not present, this conclusion may be serigusly
in error,

2.6 APPLICATION OF FACTORIAL DESIGN

There are various parameters in a process industry and to optimize the process; the study
of the cffects of two or more factors is needed. Factoral design is one of the most
efficient convenient methods for this type of experiment. Factorial design means that in
each complete trial or replication of the experiment all possible combinations of the
levels of the factors are investigated. For example, if there are “a’ levels of factor A and
'b” levels of factor B, then each replicate contains all ‘ab’ treatment  combinations.
When factors are arranged in a faetodal desi gn, they are said to be crossed.
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The effect of a factor is defined to be the change in responsc produced by change in the
level of the factor. This is frequently called a main effect becanse it refers to the primnary
factors of interest in the experiment, In some experiment, we find that the difference in
response batween the levels of one factor is not the same at all levels of the other factors,
When this occurs, there is an inleraction between the factors. .

Factor B
By B;
Factor A A Ay B Ay B, '
20 30
A Az B, A B, 1
40 52

Figure: 2.4 factorial experiments (a)

Consider the above data of experiment. The main effect of factor A could be through of
as the difference between the average response at the first level of A and the average
response at the second level of A. Numerically | this is
A = (ArBrt AsBy ) 72- (A(Bi*AB:)/2 = (40450)/2 - (20+30)/2 = 2]
That is , increase factor a from level ! to level 2 causes an AVETAEE [ESPONSE INcrease
of 21 units . Similarly, the main effect of B is

B = (AiBi+A:B2)/2- (A B+ AsB ) /2 = (304522 - (2044012 = |1

It the factors appear at more than two levels, the above procedure must be modified since
there are many ways to express the differences between the average responses.

In some experiments, we may find that the difference in response between the levels of

one factor is not the same at the other entire factor. When this occurs, there is an
interaction between the factors. For example, consider the data below.,
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Factor B

B[ Bz
Factor A A A B] J'!'L| Bg
20 40
ﬂz B[ ﬁj Bz A Jﬁ*l
S0 12

Figure: 2.5 [actorial cxperiments (b)

At the first level of factor B, the A effect is A=AB -AB, =50-20=230

And at the second level of factor B, the effect is A=A;B-AB: =12-40=-28

Since the effect of a depends on the level chosen for factor b, we see there is interaction
between A and B.

&0 :[ —+ B0

N / T
@ 40 + 14 40
c —u—B1
g8 30 - 30
] / ——B2
e 20 + 20

10 - + 10

0 } 0

1 2 3
Factor A

Figure 2.6: No interaction present berween the factors of experiments (a)
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There idea may be illustrated graphically. Fipure2.6 plots the response data of
experiments {a) of figure 2.4 against factor A for both levels of factor B. Note that the
Bl and B2 lines are approximately parallel , indicating a lack of interaction between
factor A and B. figure 2.7 plots the response data of experiment (b) of figure 2.5 .Here
we see that Bl and B2 lines are not parallel . this indicate an interaction between factors
A and B. Graphs such as there are frequently very useful in interpreting significant
interactions and in reporting results to nonstatistically trained management. However,
they should not be utilized as the sole technique of data analysis because their
interpretation is subjective and their appearance is often misleading.

50 - 50
o 207 T 40
g ;’g* 13 =B
& + 20 | —e—B2
:§ 20 4

10 + i

0 : i

1 2
Factar A

Figure 2.7: Strong interaction present between the faciors of experiment (b)

Note that when an interaction ids large, the corresponding main effects have been little
practical meaning .For the data of second experiment, we would estimate the main effect
of A to be

A = (ArBit AJBy )2~ (A B+ AB}/2 = (S0+12)/2— (2044002 = 1

Which is very small, and we are tempted to conclude that there is no effect due to A.
However, when we examine the effects of A at different levels of factor B i.e. see that
this is not the case. Factor A has an effect, but it depends on the level of factor B. That is,
knowledge of the AB interaction is more useful than knowledge of the main effect. A
significant interaction will often mask the significant of main effects. This is cleatly
indicated by the data of second experiment. In the presence of significant interaction, the
experiment must usually examine the levels of one factor, say A, with levels of the other
factors fixed to draw conclusions about the main effect of A.



2.7 TAGUCHI'S CONTRIBUTIONS TO EXPERIMENTTAL DESIGN AND
QUALITY ENGINEERING

Design of expetiment is used for product and process improvement. One important goa
of quality improvement is to design quality into every product and process that build
them. Statistically design of experiments are a major element of this activity.

Professor Taguchi advocates a philosophy of quality engineering that is broadly
applicable. His philosophy is based on three stages in a process.
These are:

# System deign

> Parameter design

L

# Tolerance design.

Unfortunately, the principles of experimental design (and statistically methods in general)
have not been as widely used in the West as in Japan. Japanese engmeers have had much
greater exposure to these concepts and consequently, experimental design methods have
become more of an engineering  tool in Japan than they have in the United States.
Taguchi methods have been adopted by many leading Japanese companies. One of these
is Nippon Deno. The company conducts 2,500 Taguchi experiments each year, probably
maorc than the total of D.O.E experimcents of all kinds in the entire United States Recently
AT & T, Ford, Xerox, LT.T, United technologies have started to use the orthogonal array
approach. In the early 1980s Professor Genechi Taguchi introduced his approach to using
cxperimental design for

Design products or process so that they are robust to environmental conditions.
Designing/developing products so that they are robust to component variation
# Minimizing variation around a target value.

#
e
>~

The philosophy that Taguchi recommends is sound and should be included in improving
quality of any process. However, he has advocated some navel methods of statistically
data analysis and some approaches to the design of experiments that are complicated,
tnsufficient and sometimes inefficient. It is possible to combine his sound enginecring
concepts to more efficient and effective experimental design and statistical data analysis
methods.

28 QUALITY ACHIEVING TECHNIQUES
There arc three techniques for achieving quality — the traditionai approach, SPC and the
desipn of experiment {DOE). The traditional quality control consists of ineffective

methods such as brute-force inspection, delegation of quality contro) responsibility 1o a
detached quality control department and even sampling plans.
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Statistically process control (SPC) is a popular quality control toal. It is used to prevent
dcfective work being produced by focusing on the producing process rather than on the
final product. It is superior to sampling inspection plans whose only aim is to irap the
defects after they have been produced a feature which makes this types of quality control
an appraisal procedure rather than a quality improvement effort. Tt provides the operator
with an opportunity of correction or appropriate tuning the production process in time to
avoid whole batches being rejected later. It is also encourages continual process
improvement, with this improvement being reflected in the product as well as in the
production equipment. It helps to avoid unnecessary blame and recrimination by
assigning the appropriate responsibilities to the appropriate people. SPC s a step forward
in the evolution of quality control system but, in term of effort concentration, it is
actually a step backwards from full inspection of the final product process. Furthermore,
SPC cannot provide success in casc of major problem in machine sefting. It 1s only
monitor if the process in within tolerance or specification limit. But there may be major
defect in machine senting. These major problems cannot be removed or detected by SPC.
In this case DOE tools are more effective.

The central thrust and secret weapon, on Japanese quality is its widespread use of design
of experiment (DOE). The objective of DOE is to discover key variables in product and
process design, to drastically reduce the variation they cause, and 10 open up the tolerance
an the lesser variables so as to reduce costs. Relation between SPC and DOE is presented
below in table 2.1 -

PROPERTY sPC DOE
1. Function Monitor if the process is Solve major problem n
with in the process design
tolerance/specification
linit ]
2. Process type On line process Off line process
J. Uses Used to control a process Used to design a process or
a product.
4, Typical uses Universal quality control Universal quality control
tool taol
3. When to use All times All times
6. Analysis Analyze data Analyze data
7.Cost Required low cost, Easier and more cost
effective than SPC

Table 2.1 Difference between SPC and DOE
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Chapter — 3

STATE —OF — THE ART TECHNOLOGY OF YARN MANUFACTURING

3.1 INTRODUCTION:

BEXIMCO, a leading group of industries installed its spinning mill, Padma Textile Mills
Ltd. to meet yarn requirement of Beximco Textile Ltd., Beximeo Knitting Ltd. Beximeo
Denim Lid. and to sell to other export oriented textile industries,

Manufacturing Products

1. Producing 100% export oriented spun yam.

2. Manufacturing 100% cotton, Polvester yam and severa! blends with polyester,
viscose & Tencel.

3. Manufacturing diversified spun yam Iike Polyester core yarn, Lyera core yarn &
Fancy {Slub) yam,

3.2 MANUFACTURING PROCESS:

Padma Textile Mills Ltd (PTML) major yarn manufacturer for export-oriented industries.
PTML has to be very serious on the quality of its yam. Presently the mill controls the
process parameter according to the manufacturer suggestion or by the experience gained
by the operating personnel. It {s strongly felt that the yarn quality can be improved by the
process parameters thorough scientific obscrvation like factorial experiments, There are
three sections here back section, ring section and finishing section. Mainl y three process
parameter are considered in back scetion. They are carding delivery speed, cylinder speed
and flat speed. Two parameters are identified in ring section, they are ring speed and ring
twist per mch. In finishing section, only the winding speed is considered as a process
parameter.

3.2.1 PROCESS FLOW DIAGRAM:
There are two types flow diagram. They are

1) Karded Yam
2) Combed Yam
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Spinning process (Karded) flow diagram is given blow in figure 3.1
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Fig 3.1 Spinning Process (Karded) Flow

Spinning process (Combed) flow diagram is given blow in figure 3.2
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Fig 3.2 Spinning Process (Combed) Flow
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There are many type of machineries used during yam manufactering process. The
cntire machines are shown below in figure 3.3
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Flg 3.3 Different types of process machinery.

RLOW ROOM
322 INTRODUCTION:

The machines are arranged according to the kard process & combed process flow,
Machine deseription and function are given below.
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Basic operatiens in the blow room: opening

cieaning

mixing or blending

micro dust removal

uniform feed to the carding machine
Recycling the waste

il

A blow room installztion consists of a sequence of different machines to carry out the
above said operations. The tuft size of cotton becomes smaller and smaller, the required
intensities of processing necessitates different machine configuration. The blow room
machinery is shown in fig.3.4

Fig 3.4 Blow room machinery
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TECHNOLOGICAL POINTS IN BLOWROOM

*opening in blow room means opening inte small flocks. Technological operation of
opening means the volume of the flock is increased while the number of fibres remains
constant. i.e, the specific density of the material is reduced.

*The larger the dirt particle, the better they can be removed.

* Cleaning is made more difficult if the impurities of dirty cotton are distributed through
a larger quantity of material by mixing with clean cotton.

*If cotton is opened well in the opening process, cleaning becomes easier because opened
cotton has more surface area, therefore cleaning is more efficient.

«If automatic bale opener is used, the tuft size should be as small as possible and the
machine stop time should be reduced 1o the minimum level possible

*Due to machine harvesting, cotton contains more and more impurities, which
furthermore are shattered by hard ginning. Therefore cleaning is always an unportant
basic operation.

* Traditional methods use more number of machines to open and clean natural fibres.

* Mechanical action on fibres causes some detedoration on yarn quality, particularly in
terms of neps. Moreover it is tue that the staple length of coften can be significantly
shortened.,

* Air streams are often used in the latest machine sequence, to separate fibres from trash
particles by buoyancy differences rather than beating the material against a series of grid
* General factors which affect the degree of opening, cleaning and fibre loss are given
blow

fiber alignment
Size of the flocks in the feed,
the type of opening device
specd of the opening device
type of feed (loose or clamped)
distance between feed and opening device
speeds of the opening devices
throughput speed of material
airflow through the grid
- condition of pre-opening
. quantity of material processed
- position of the maching in the machine sequence
. feeding quantity variation to the beater
. ambient R_H.%
. ambient termperature
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MIXING
3.2.3 MIXING (COTTON)

Cotton is a hygroscopic material, hence it easily adapts to the atmospheric air-conditions.
Alr temperature inside the mixing and blow room area should be moare than 25 degrec
centigrade and the relative humidity(RH%) should be around 45 to 60 %, because high
moisture in the fibre leads to poer cleaning and dryness in the fibre leads to fibre
damages which ultimately reduces the spin ability of cotton.

Cotton is a natural fibre. The following properties vary very much befween bales
{between fibres) fibre micronzire fibre length , fibre strength, fibre color, fibre maturity ,
fibre micronaire, color, maturity and the origin of growth results in dve absorption
variation. There fore it is a good practice to check the maturity, color and micronaire of
all the bales and to maintain the following to avoid dye pick up variation and barre the
finished fabric.

BALE MANAGEMENT:

In a particular lot

» Micronaire range of the cotton bales used should be same for all the mixings of a
lot.

* Micronaite average of the cotton bales used should be same for all the mixings of
alot.

= Range of color of cotron bales used should be same for all the mixings of a lot,

* Average of color of cotton bales used should be same for al] the muxings of a lot.

* Range of maturity coefficient of cotton bales used should be same for all mixings
of a lot.,

* Average of maturity coefficient of cotton bales used should be same for all
mixings of a lot.

* Mixing is the best way of doing the mixing compared to using
automatic bale openers which picks up the material from 20 to 70 bajes depending
on the length of the machine and bale size, provided stack mixing is done
perfectly. Improper stack mixing will lead to barre or shade vadation problem.
Stack mixing with bale opener takes care of short term blending and two mixers
in series takes care of long term blending.
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The raw colton is shown below in fig3.5
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Fig3.5 Raw Cotton

CARDING

3.3 INTRODUCTION

"Card is the heart of the spinning mill" and "Well carded is half spun” are two proverbs
of the experts. These proverbs inform the immense significance of carding in the spinning
process. High production in carding to economize the process leads to reduction in yarn
quahty. Higher the production, the more sensitive becomes the carding operation and the
greater danger of & negative influence en quality. Carding machine is shown in Agl.6
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Trutzschier
DK 903

Fig3.6 Carding machine

FUNCTION OF CARDING:

1} Opening 2) Cleaning 3)Delivery sliver

THE PURPOSE OF CARDING:

SES LA R e b

Cleaning or elimination of impurities
Reduction of neps

Elmination of dust

Elimination of short fibres

Fibre blending

Fibre orientation or alignment

shiver formation
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PROCESS PARAMETERS IN CARDING

Carding is the most important process in spinting. It contributes a lot to the yam quality.
The following process parameters and specifications are to be selected properly to
produce a good quality yam with a lower manufacturing cost.

CYLINDER SPEED

Cyhinder wire selection is very important, it depends vpon cylinder speed the raw
material to be processed and the production rate. The following characteristics of cylindet
speed should be considered.

+ Higher cylinder spced helps fibre transfer. Higher the production, higher should
be the cylinder speed.

» [Higher cylinder specd improves carding action, thereby imperfections are
reduced.

+ Cylinder wire front angle depends on mainly cylinder speed and coefficient of
friction of raw material. Higher the cylinder speed, lower the angle for a given
fibre, The cylinder speed in turn depends upon the production rate.

» Higher production means more working space for the fibre is required. It is the
wire that keeps the fibre under its influsnce during carding operation. Therefore
the space within the wire should also be more for higher production. ligher
cylinder speeds also increase the space for the fibre. Therefore higher cylinder
speed is required for higher production.

* Higher the cylinder speed, higher the centrifugal force created by the cylinder,
this tries o eject the fibre [rom the cylinder, along with the trash. It is the cylinder
wire's front angle which overcomes the effect of this force. Low front angle with
too low cylinder speed and with high frictional force will result in bad quality,
because the fibre transfer from cylinder to doffer will be less. Hence recycling of
fibres will take place, which result in more neps and entanglements.

DELIVERY SPEED AND FLAT SPEED:

= The seumg between cylinder and doffer is the closest setting in the card. This
setting mainly depends upon the cylinder speed, hank of the delivery speed of
sliver and the type of wire. Cylinder speed up to 360, the setting should be
0.1mm. For cylinder speeds more than 450, the setting ranges from 0.125 t0 0.15.

+ Higher flat speed improves yam quality and at the same time increases the flat
wasie,

+  With the same flat speed, higher the carding production, lower the flat waste and
vice-versa.

* The most critical sefting in a carding machine is between cylinders and flat speed.
While processing cotlon, it can be as close as 0.175 mm provided the mechanical
accuracy of flat speed is good.
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* Closer the setting between cylinder and flats, better the yarn quality. Neps are
dircetly affected by this setting. Of course, very close setting increase the flat
spoad.

= These stationary flats open the material so that, the setting between cylinder and
flats can be as close as possible. |

+ For cotton processing, the stationary flats are fixed with a knife attachment. The
setting should be as close as pessible, i.e. around 0.15mm. This helps to remove
the trash particles of very small size.

* The setting between cylinder and cylinder under casing should be as per the
manufacturer's recommendation. The design of under casing is different for
different manufacturers. This setting is very important, as wrong settings will
affect the fibre transfer and can also create air turbulence.

3.4 LAP FORMER & COBEER:

The function of lap former is to make cotton lap from doubling of slivers for combing,
Comber cxtracts the short fibers to make a clean shiver with more parallel longer fibers.
The lap former & comber are shown below in fig 3.7

Fig3.7 Lap former & Comber

FS5SIMPLEX: The functions of simplex are drafting and twisted roving formation. The
simplex figure is shown below in fig 3.8
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Fig 3.8 Simplex machine

RING FRAME
3.6 INTRODUCTION:

The ring spinning will continue to be the most widely used form of spinning maching in
the near future, becausc it exhibits significant advantages in comparison with the new
spinning processes. Following are the advantages of ring spinning frame

*+ Itis universal applicable, i.e. any material can be spun to any required count

» It delivers a material with optimum chatacteristics, especially with regard to
structure and strength.

= the know-how is well established and accessible for gveryone

Fig 3.9 Ring frame

FUNCTION OF RING FRAME

= o draft the roving until the required fineness is achieved
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+ o impart strength to the fibre, by inserting twist
» to wind up the twisted strand (yam) in a form suitable for storage, transportation

and further processing.
DRAFTING

» Drafting arrangement is the most important part of the machine. It influences mainly
CVENNess and strength.
The following points are therefore very important

= drafting type

» design of drafting system

+ drafting settings

» selection of drafting elements like cots, apron, travellcr etc
» choice of appropriate draft

+ service and maintenance

* Draiting arrangement influence the economics of the machine - directly by affecting
the end break rate and indirectly by the maximum draft possible,

* If higher drafis can be used with a drafting arrangement, then coarser roving can be
used as 2 feeding material. This results in higher production rate at the roving frame and
thus reducing the number roving machines required, space, personne! and so on.

* In fact increase in draft affects the yam quality beyond certain Limit. Within the limit
some studies show that increase in drafl improves yam quality, The following draft limits
have been established for practical operation:

» carded cottoni- up to 35

» carded blends — up to 40

* combed cotton and blends{medium counts) — up to 40
*+ combed cotton and blends(fine counts) — up to 45

= synthetic fibres — up to 50

* The break draft must be adapted to the total draft in each case since the main deaft
should net exceed 25 to 30. It should be noted that higher the break draft, more critical is
the break draft setting

* The front top roller is set slightly forward by a distance of 2 to 4mm relative to the
front bottom roller, while the middle top roller is arranged a short distance of 2mm
behind the middle bottom roller.

* Overhang of the front top roller gives smooth running of the top rotlers and shortens
the spinning triangle. This has a comrespondingly favorable influence on the end break
rate.

* Rubber cots with hardness less than 60 degrees shore are narmally unsuitable because
they can not recover from the deformation caused by the pressure on the top roller while
rurning,
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* Soft rubber cots for top rollers have a greater area of contact, enclose the fibre strand
more completely and therefore provide better guidance for the fibres. However softer cots
wear out significantly faster and tend to form more laps.

* Normally harder rubber cots are used for back top rollers, becausc the roving which
enters the back roller is compact , littfle twisted and it does not require any additionat
guidance for better fibre control.

* In the front top roller, only few fibres remain in the strand and these exhibit a tendency
to slide apart. Additional fibre guidance is therefore necessary. Therefore rubber cots
with hardness leveis ol the order 80 degrees
to 85 degrees shore are mostly used at the back rotler and 63 degrees and 65 deprees at
the front roller.

* If coarse yams and synthetic yams arc being spun, harder rubber cots are used at the
front roller because of increased wear and in the case of synthetic yams to reduce lapups.
* Three kinds of top roller weighting(loading) are presently in use

= spring loading
« preumatic loading
«  magnetic weighting

* With pneumatic loading system, the total pressure applied to all top rollers is obtained
by simple adjustment of the pressure in the hose using pressure reducing valve. Moreover
the rubber cots will not get deformed if the machine is stopped for & longer duration,
becausc the pressure on top rollers can be relcased to the minimum level.

* The fibre strand in the main drafting field consists of only a few remaining fibres. There
is hardly any friction field and fibre guidance provided by the rollers alone is inadequate.
Special fibre guiding devices are therefore needed to camy out a satisfactory drafting
operation. Double apron drafting arrangements with longer bottom aprons is the most
widely used guiding system in all the modern tmg frames.

* In double apron drafting system two revolving aprons driven by the middle rollers form
a fibre guiding assembly. In order to be able to guide the fibres, the upper apron must be
pressed with controlled force against the lower apron. For this purpose, a controlled
spacing (exit opening), precisely adapted to the fibre volume is needed between the two
aprons at the delivery. This spacing is set by "spacer” or “distance clips".
Long bottom aprons have the advantage in comparison with short ones that they can be
casily replaced in the event of damage and there is less danger of choking with fluff.

* Spindles and their drive have a great influence on power consumpiion and noise level in
the machine The mnning chatacteristics of a spindle, especially imbalance and
eccentricity relative to the ring flange, also affect yam quality and of course the number
of end breakage. Almost all yam parameters are affected by pootly running spindles.
Hence it should be ensured that the centering of the spindles relative to the rings is as
accurate as possible. Since the ring and spindle form independent units and are able 1o
shift relative to each other in operation, these two parts must be re-centered from time to
time. Previously, this was done by shifting the spindle relative to the ring, but now it is
usually carried out by adjusting the ring.

* In comparison with tangential belt drive, the 4-spindle drive has the advantages of
ivwer noise level and energy consumption, and lapes are easier to replace.
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* Lappet guide performs the same sequence of movements as the nng rail, but with a
shorter stroke, this movement of the guide ensures that differences in the balloon height
caused by changes in the ring rail pesitions do not become too large. This helps to control
the yam tenston variation with in control, so that ends down rate and yarn charactenistics
are under control. '

* Spindles used today are rclatively long. The spacing between the ring and the thread
guide is correspondingly long, thus giving a high balloon. This has two negative
influence

* A high balloon results in large bobbin diameter leading o space problems

*» Larger the balloon diameter , higher the air drag on the varn. This intern causes
increased deformation
of the balloon curve out of the plane intersecting the spindle axis. This
deformation can lead to balloon stability,
there is increase danger of collapse.

Both these disadvantages result in higher yam tension, thereby higher end breaks. In
order to aveid this, balloon control rings are used, It divides the balloon into two smaller
sub-batloons. Inspire of its large overall height, the double-balloon created in this way 1s
thoroughly stable even at relatively low yam teasion.

* Balloon control rings therefore help to run the machine with long spindles(longer Lit)
and at high spindle speed, but with lower varn tension. Since the yarm rubs against the
control nng, it may cause reughening of the yam.

* Most ends down arise from breaks in the spinning triangle, because very high forces
arc exerted on a strand consisting of fibres which have not yet been fully bound together
in the spinning trangle.

WINDING
3.7 INTRODUCTION:

Ring spinning praduces yarmn in a package form called cops. Since cops from ring frames
are not suitable for further processing, the winding process serves 1o achieve additional
objectives made necessary by the requirements of the subsequent processing stages.

Following are the tasks of winding process

« Extraction of all disturbing yamn faults such as the shon, long thick, long thin,
spinner’'s doubles, etc.

*  Manufacture of cones having good drawing - off properties and with as long
a length of yam as possible.

+ introduction into the yam of a minimum number of knots,

* achievement of a high machine efficiency i.e. high production level.
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Practical experience has proven that winding alters the yam structure. This phenomenon
does not affect yarn evenness, but affect the following yamn properties

*  neps
» thick places .
» thin places

= hairiness

= standard deviation of hairiness

[fwinding tension is selected properly, the following tensile properties are not affected

« tenacity
» clongation
»  work- to- break

But excessive tensions in winding will deteriorate the above said tensile properties.

Changes in the yarn surface structure due to winding cannot be avoided. Since the varn is
accelerated from zero speed to 1200 er 1350 mcters per min in & few milli seconds while
being pulled off the bobbin, dragged across several defiection bars and eyelets, forced
Into a traverse motion at speed that make it invisible, and finally rolled up into a firm
construction called package or cone which alse related to the yarn quality.
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Fig3.9.1 Winding machine

High speed automatic winders have frequently been blamed for causing higher nep
counts .The bebbin unwinding behavior is the major limitng facter for winding speed
which also is the main reason for the above sajd changes in yam quality. Most of the
damage occurs at the moment when the end is detached and removed from the tight
asscmbly of yarn layers on the bobbin and dragged along the tube at very high speeds.
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The factors that affect the yam structure during winding include the frictional properties
of the yarn itself, winding speed, the bobbin geometry and the bobbin unwinding
behavior, winding geometry as well as the number and design of the yam / machine
contact points.

YARN CLEARER FUNCTION PRINCIPLE

The yarn is measured in a measuring field constituted by a set ol parallely placed
capacitor plates. When the yam passes through this mcasuring field {between the
capacitor plates), an electrical signal is produced which is proportional to the change in
mass per unit length of the yamn, This signal is amplified and fed to the evaluation
channels of the yarn clearing installation. The number and type of evaluation channels
available are dependenl on the sophistication and features of the model of the elearer in
use. Each of the channels reacts 1o the signals for the corresponding type of yam fault.
When the mass per unit length of the yam exceeds the threshold limit set for the channel,
the cutting device of the yam clearer cuts the yam.

Yarn Clearer Settings

The yam clearer has to be provided with certain basic information in order to obtain the
expected resuits in terms of clearing objectionable faults, The following are some of them

a. Winding Speed:

The setting of the winding speed is also very critical for accurate removal of faults. It is
recommended that, instead of the machine speed, the delivery speed be set by actual
calculation after running the yarn for 2-3 minutes and checking the length of yam
delivered. Setting a higher speed than the acmal is likely to result in higher number of
cuts. Similarly a lower speed sefting relative to the actual causes less cuts with some
faults escaping without being cut. In most of the modermn day clearers, the count, material
number and speeds are monitored and automatically corrected during actual running of
the yam.

b. Clearing Limit:
The clearing limit defines the threshold level for the yam faults, beyond which the cutter

is aclivated to remove the yam fault. The clearing limit consists of two setting parameters
- Sensitivity and Reference Length.

i. Sensitivity - This determines the activating limit for the fault cross sectional size,
ii. Reference Length — This defines the length of the yam over which the faults cross —

section is to be measured. Both the abave parameters can be set within a wide range of
limits depending on specific yam cleanng requirements, Here, it is weorth mentioning that
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the * reference length’ may be lower or higher than the actual * fault length’. For a yam
fault to be cut, the mean value of the yarn fault cross-section has to overstep the set
sensitivity for the set reference length,

¢. Yarn Count :

The setting of the yarn count provides a clearer with the basic information on the mean
value of the material being processed to which the clearer compares the instantancous
yam signals for identitying the sedousness of a fault.

Fault Channels;

The various fault channels available in a latest generation yarn clearer are as follows:

1. Meps
2. Short Thick places
3. Long Thick Places
4. Leng Thin Piaces
5. Count
6. Splice

The availability of one or mote of the above channels is dependent on the type of the yamn
clearer. Most of the modem clearers have the above channels, Besides detection of the
various types of faults, with latest clearers, it is also possible to detect concentration of
faults in a specific length of yarm by means of alarms{cluster faults).

WINDING PRODUCTION:
It depends upon the following Factors
«  winding speed
« time required by the machine to carry out one splicing cperation

» bobbin length per bobbin (both bobbin weight and tpi (twist per inch) to be
considered, because TPI will affect the bobbin length). This decides the number

of bobbin changes

» the number of faults in the yarm and the clearer settings, this decides the clearer
cuts,

* count

+ the time taken for each doif either by the doffer or by an operator
* bobbin rejections, it depends on weak yarn, wrong gaiting, double gaiting, bobbin
characteristics etc.



Chapter - 4

EXPERIMENTAL POCEDURE AND DATA COLLECTION

4.1 INTRODUCTTON:

To draw a precise decision, several experiments were conducted. The experiments were
conducted in a planned way. During these experiments some factors were considered as
constant and some were considered as variables. All constant factors were kKept
unchanged during experiments.

Besides these, some significant factors were selected whose best setting were determined
according to the optimize. The data of the experiments were recorded carefully.

4.2 PLANNING OF EXPERIMENT:

In erder to optimize the yarn quality, ficst effective factors and their levels for carding
were determined, With the selected two levels of three parameters a 2° experimental
factorial design of experiment was conducted in the back section. Ei ght sct of test were
designed and for a particular set, test was replicated for three times. So the value of the
response was actually the mean of three replicated tests resulting in a total number of
twenty four tests. Lach of the tests was conducted randomly to eliminate error.

In case of ring frame, the first effective factors and their levels were determined. With
the selected h:i'év'eis of two parameters 1 3° experimental designed was conducted
-Nine sets test were designed, where each set was the mean of three similar tests, These
require number of tests was twenty seven. Each of the tests was conducted randomly to

eliminate error,

[n case of winding, the first effective factors and their levels were determined ,With the
selected level of one parameter experimental factorial design of experiment was
conducted in finishing section.

4.3 SCREENING OF DATA

Experiments conducted with the desired combination of parameter exceeded the
estimated number, In some cxperiments, it was nol possible to maintain the desired
condition properly. Not only that, inconsistent data was cbtained under some set of
condition. In both case the data collected were ignored. 50 to compensate those cases,
experiments with required set conditions were performed again.
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4.4 RANDOMIZATION

All the tests were conducted randomly to eliminate emmor, 40C yam was selected for
carding, ring frame and winding respectively. Actually scheduling of iot was conducted
according to the requirement of the cempany. From this schedule experiment were
selected for test considenng the availability of concerned manpower, matenial and time.
Special care was taken for these tests

4.5 EXPERIMENT CARIED OUT WITH CARDING

As mentioned earher “40C” type yarn was selected for the experiments m carding. Two
levels are selected against three factors. Eight groups of expeniment were conducted for
this putpose. Each group consists of three sets of similar expeniment The individual
section was not synchronized because a test or series of test in which purposeful changes
were made to the input varables of a process or system so that one may observe and
identify the reasons for change in the output.

4.6,1 SPECIFICATIONS OF CARDING

Carding may be operated under some limitation of parameter setting. The carding has
some range of operating parameter. The carding may be operated maintaining these
rated set conditions. But actually this carding is operated as per company’s convenient
maintaining some standard operating set conditions, It 1s risky to operate the machine
beyond any limit Specification, rated set conditions and standard operating set conditions
of carding are piven in table 4.1

Table: 4.1 Specification and standard operating set conditions of carding

Delivery Speed Up to 300 (mfimm)
Flat Speed 153 m/min
Cyvlinder Speed {369-451) 1pm
Machine efficiency 96%
Feed roller 100 mm
Diameter Taker-in 250 mm
Cylinder 1290 mm
Daoffer 700 mm
Mat width 595 mm
Type of Autoleveller Long term electronic
Can size 24" x 48" inch
Silver length in Can Up to 7000 meter
Mo of flat 84
Pressure(P,) 200-300 P,
Draft 60-130 mm
Card clothing Metallic
Doffer Speed 96 pm
Taker —in- Speed 786-1018 pm
Deflection angle 15" degiee
Cylinder to take-in wire (Number,) 7




4.6.2 PROCEDURE OF EXPERIMENT WITH CARDING

The factors selected on experience and engineering judgment were delivery speed,
cylinder speed and flat speed

Two levels for each factor were selected. The levels for delivery speed were 80m/min,
100 m/min and cylinder speed were 375 rpm , 426 pm and flat speed 135m/min and
153m/min. A 2% matrix, requiring eight combinations, was made and were tested

accordingly.
TFable 4.2 Factorial deign for carding
Cylinder Speed " Flat Speed Delivery Speed
i rpm (A) meter/min (B) meter/min ()
375 135 a0
375 135 100
[ 375 153 80
| 375 153 100
426 135 80
426 135 100
426 153 80
426 153 100

4.6.3 CALCULATION OF NEPS REMOVAL EFFICIENCY

Neps are entangled fibers that creates thick or thin fault in the yarn Nep removal
efficiency greatly depends on delivery speed. Higher delivery speed i1s always
desirable which leads to a greater production from raw cotton. But the lower the
delivery speed (production) the higher the nep removal efficiency. The standard value
of neps number in card is 70.

Nep's removal efficiency;

Nep's removal efficiency = {Input/Output)* 100

= (Neps in card/Neps m cars mat}* 100

Experimental data on neps removal efficiency at different set condition are listed 1n

Table 4.4.
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Tabie 4.3 Experimental data on nep removal efficiency set conditions

Delivery Cylinder Flat Speed Neps in Neps in Nep Removal
Speed Speed rpm rneterfmin card card Efficiency (%)
meterfmin {entfg} Mat(cntiy)
83 327 75.0
&0 426 {53 78 341 7.0
70 313 78.0
Ll 426 153 231 981 6.7
76 360 79.0
&0 375 153 7l 361 80.0
76 344 7R.4]
30 375 153 74 355 79.0
70 327 76.0
B0 375 135 T 317 6.0
76 312 770
B . 375 135 232 Q56 75,7
60 339 82.0
80 426 135 66 395 830
73 346 30.0
&0 426 i35 4] 360 81.7
e 327 710
100 426 153 77 317 5.0
80 351 72.0
100 426 1513 52 332 74.7
113 387 71.0
100 375 153 114 351 68.0
116 383 70.0
130 375 153 114 374 607
- 108 330 67.0
100 373 135 105 540 82.0
120 404} 70.0
100 375 135 333 1273 73.0
100 108 381 730
426 135 115 405 1.0
11} 400 72.0
103G 426 135 111 395 12.0
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4.6.4 CHECKING OF QUALITY

Table 4.4 Quality data on nep removal efficiency set conditions

Cylinder | Flat Speed Delivery Speed Nep Removal
Speed rpm (A) | meter/min (B) | meter/min ( C) Efficiency %
375 135 50 75.7
375 135 100 73.0
375 153 80 79.0
375 153 100 69.7
426 135 80 81.7
426 135 160 72.0
426 153 8 76.7
426 153 100 74.7

4.7 EXPERIMENT CARRIED OUT WITH RING FRAME

Experiment has been conducted to find the best combination of different factors like
ring speed and twist per inch. These two factors have been varied in three levels (37
experiment). The- objective of this expetiment is to optimize the yam quality by
decreasing the yam neps. For this purpose nine groups of expetiment has been
conducted. Each group is the average of three similar expenments. Besides this
interaction has been determined graphically, Further significance of factors are also

determined.

4.6.1 SPECIFICATIONS OF RING FRAME

Some factors were considered as constant during investigation. These factors are listed

in table 4.5.
Table 4.5 Ring Frame specification
Ring speed Up to 20,000 rpm
Twist range 7.13-54.7 TP!
No. of spindle f/machine {(Number) 504
Spindle gauge 70 mm
Lift bobbin 6", 7" inch
| Machine efficiency 90-97 %
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Twist direcbon

“Z” type { Rotation anti clock wise)

Draft range 20-60
 Break draft 1.25-1.52 mm
Roller dia Front 27 mm
Middle 25 mm
Back 27 mm
| Creeling system Umbrella type

4.6.2 PROCEDURE OF EXPERIMENT WITH RING FRAME

There are various parameters i ring frame of which two factors, g speed and twist per
inch were selected for investigation. The individual section was not synchronized because
a test or series of test in which purposeful changes were made to the input variables of a
process of system so that one may observe and identify the reasons for change in the
output. The factors were selecied on the basis of previous experience and engineering

judgment.

Three levels for cach factor were selected. The levels for ring speed 13100 rpm,
18600rpm, 19000 rpm and twist per inch 25.18, 2548, and

requiring nine combmations, was made and were tested accordingly.

" Table 4.6 Factorial deign for ring frame

Ring Speed rpm | Twist per inch
(4) (B)
18100 2518
18600 25.18
19000 25.18
18100 2548
18600 25.48
19000 25.48
18100 2578
18600 25.78
19000 25.78

4.63 CALCULATION OF NEPS REMOVAL EFFICIENCY

Neps are entangled fib

ers that creates thick or thin fault in the yarn, Nep removal
efficiency greatly depends on ring speed speed. Higher

50
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ring speed is always desirabie



(production) the higher the nep removal efficiency. The standard value of neps
number in ring is 48. Experimental data on neps removal efficiency at different set
condition are listed in Table 4.7

Table 4.8 Experimental data on neps

Experiment Input parameter
No Ring specd Twist per inch Neps/km

] 1R (M) 25.18 114
2 18600 23.1%8 116G
3 1900 2518 a1
4 15100 25,48 50
5 186 2348 48 |
& 1500 25.48 S0
7 L8100 2578 95
8 1&a00} 2578 83

[ 9 19000 25.78 92

4.7 EXPERIMENT CARRIED OUT WITH WINDING

Experiments were conducted to find the optimized combination of levels of different
tactors. Ten levels against one factor. Each group contains four sets similar experiment,

4.7.1 SPECIFICATIONS OF WINDING

Winding may be operated under some hmitation of parametcr setting. The winding has
some st condition of operating patameter. The winding may be operated maintaining
these rated set conditions. But actually this winding is operated as per company's
convenient maintaining some standard operating set conditions, It is risky to operate the
machine beyond any limit. Specifications, rated set conditions and standard operating set
conditions of winding are given in Table. 4.8

Table 4.9 Specification of Winding

Drum speedim /min) L100~1450 mm
Winding position {(Number) 60

Splicing system Auto splicing
Drum dia 9emifcir)
Tensioner Disc

51



4.7.2 PROCEDURE OF EXPERIMENT WITH WINDING

The factor selected on experienced and engingering judgment was winding speed. Five levels for
each factor were selected The levels for winding speed were 1250 m/muin, 1300m/min,
1350m/man, 1400m/mun, and 1430nymin, iy

Table 4.10 Experimental data on neps

Winding Speed Neps/ km
{meter/min)}

12

3R

1250 38
38

1250 91
42

1300 33
48

4

13000 09
15

1350 29
46

51

1350 101
65

1400 50
54

[ 51

1400 138
63

1450 - 4>
69

52

1450 144
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Chapter -5

ANALYSIS AND OBSERVATIONS

3.1 INTRODUCTION

It is necessary to arrange the coliected data in a planned for proper analysis and correct

decision making, Analyses are based on these data and decisions are mad from the
analysis outcome, Besides these, some observations are made during the experiments,
which are helpful in making comprehensive idea about the overall process.

5.2 EXPERIMENT CARRIED QUT WITH CARDING

Expeniments were conducted with carding to identify the optimized combination of levels
of the selected three factors. Two levels were selected against three factors. The first
factor is the delivery speed, a second factor is cylinder speed and third factor is flat speed.
The levels of delivery speed are 80 and 100 nv/min, cylinder speed arc 375 and 426 rpm
and flat speed are 135 and 153m/min. Thus eight scts of expeniments were conducted for
this purpose, each consisting of three sets of experiments under same conditions. The
data on the neps removal efficiency and the quality ratio along with their standard
deviations corresponding to each set point are represented in Table 5.1

The sequence of testing each combination was randomly chosen to [ulfill the requirement
of randomization. The average of the reading under a particular set condition was taken.
The difference between the summation of one leve! from summation of another level of
the same factor was due factor alone, as all other factors balance ome another. The
best/optimum level corresponding to the maximum of average response value (min neps)
under each factor was evaluated. The interactive effects among the factors were also
cvaluated according to the standard procedure.
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Table 5.1 Quality data on neps removal efficiency set conditions

Cylinder | Flat Speed | Delivery Nep
SL. No Speed | meter/min | Speed Removal
) RPM meter/min | Efficiency
_ (A) (B) (C) %
1 3735 135 80 75.7
2 375 135 100 73.0
3 375 153 80 79.0
4 375 153 100 69.7
5 426 135 80 §1.7
G 426 135 100 72.0
7 426 153 80 76.7
B 426 153 100 747 |

5.2.1 FACTORIAL ANALYSIS FOR NEPS REMOVAL EFFICIENCY:

As mentioned earlier, three factors such as delivery speed 80 and 100 m/min , cylinder
speed 375 and 426 rpm and flat speed 135 and 153m/min were considered for factorial
analysis. The effects of the variables on neps removal efficiency are presented on Table

R 52

5.2.2 ASSESSMENT OF THE MAIN EFFECT
From the table 5.7, it is observed that all the three factors had main effects on the neps

generation. The Little interaction between cylinder speed & flat speed and Very little
interaction between flat speed & delivery speed.
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Table.5.2 The data for neps removal efficiency in carding

— - e —
.._—! e le—— e | —- e e e e
| | Cylinder Speed (A)
H I
PR L S
_'#_[ L  A-@75) | +q2s) | R
| 1
i IB-(135) | 75.7 817 157.4 .
‘cgy (At g o
Delivery | SPeed By (153)| 79.0 76.7 155.7
Speed Flat  B-(135) | 730 720 | 1450
CH{100) | —
: speed B 153)] 897 747 | 1444
! | | 2074 | 3054
—_— T e— . T e - I-'--—-———-—-"'-rll—————rr
- .'rf‘.'_-,.._ S _2934_ S S
L e 3051 _ .
B~ =157.4+145 T 73024 R
__ B+ =1857+1444 | 300.1. :
€. =157441857 | 3131 ]
_Cr | 1=1450+1444 . 2Bgal T I
S T
A = Cylinder Speed A{-}=375, A(+) = 426
B = Delivery Speed B(-) =135 ,B{+)=153
C = Flat Speed C(-}= 80, C(+) =100

Among total two reading A(+) is better than A{-) by (305.1-297.4) = 7.7 unit.
On aserage A(+) is better than A(-) by (7.7/4)= 1.925 per operation,

Among total two reading  B(-) is better than B(+) by (302.4-300. 1} =273 unit,
On average B(-) is better than B(+) by (2.3/4)= 1.15 per operation.

Among total two reading C(-} is better than C(+) by (313.1-289.4) = 23.7 unit.
On average C(-) is better than C(+) by (23.7/4)= 11.85 per operation.
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5.3.2 ASSESSEMENT OF THE INTERACTION EFFECT:

For AB intcraction the values A(-) arc selected and all the values corresponding to B(-)
arc added.

Example:

Combination Neps removal efficiency
A{-) B(-)C(-) 75.7

Al B{-)C{(+) 73.0

Total ’ 148.7

The vaiues of A(-) are selected and all the values corresponding to B{+) are addad,

Example:

{Combination INeps removal efficiency
Af-) B(H)C() 79.0

AL) BIHC(H) 69.7

Tatal 148.7

The values of A(+) are selected and all the values corresponding to B(-) are added.

Example:

Combination Neps removal efficiency
A(+) B(-)C(-) 81.7

A(F) BL-)C(H) 72.0

Total 1537
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The values of A(+) are selected and all the valucs corresponding to B(+) are added.

Exaniple:

Combination Neps removal efficiency
A(+) B(+)C(-) 76.7

A} B(H)C(H) 74.7

Total 151.4

Graph with these points is plotted to find interaction. The interaction of different factors
of CARDING is shown in figure 5.2 . As evident in the figure there is little interaction
between factor A and factor B.

B{-) B(+)
Al-) 375 1148.7 148.7
Al 426 [ 153.7 151.4
Intraction between Cyliner Speed & Fiat speed
155.0
153.7
154.0 1 _|
153.0 -
= 1520 1514
2
#1510 -
S 1500 -
E rtoo | 148.7 148.7 _
‘ * *
148.0 -
147.0
146.0 - :
A- A+

Little interaction between cylinder speed & flat speed

Fig: 5.1 Interaction between factor A and factor B
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Similarly graphs are plotted with BC and CA combinations and shown in fig5.3 and fig

5.4,

C() C{H
B(-) 135 155.7 157.4
B(+) 153 144.4 145.0

Interaction

Interaction between Flat Speed & Delivery Speed

160.0
1574
155.0 - = -
155.7
150.0
145.0
145.0 1
144.4

140.0
135.{] T ——

B- B+

Liutle interaction between cylinder speed & flat speed

Fig 5.2 Interaction between factor B and faclor

From the figure it is evidence that there is little interaction between factor Band C.

C{-) C{t)
Al-) 375 142.7 154.7
A(+) 426 136.7 158.4
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-
Interaction between Cylinder Speed & Delivery
Speed
160.0
154.7
155.0 - o—’//_’_‘l/ﬂ:-‘-‘
§ 10.0- 146.7
= 142.7
g 145.0 /,/”‘
z .
£ 140.0 -
135.0
1300 - ;
A- A+
L_

Figare 5.3 Interaction between factor A and factor C

524 CONTRUCTING AN ANOVA TABLE:

In the “cell group™ column, the celt number is entered from 2 matrix,

The “factors “colutnn, the appropriate (-) and {+) signs for factor A,B,C in cell nol are
entered. Here A,B,C are (-).The (-) and (+) signs merely indicate the levels of the factors
used. Similarly, the appropriate {-) and (+) signs for A,B,C in the remaining seven cell
are entered,

In the “output” column, the averages of the outputs record in each cell are entered from
2* matrix 1able.

In the twe factor interaction columans, the signs of the preduct in the AB column are
multiplied algebraically. Here ,since A and B are both{-},the product sign for AB is
{(+).Similarly , the algebraic product of A and C.B and € etc are determined and are
recorded in the appropriate two factor interaction column.

The algebraic multiplication of A, Band C repeated and signs in the appropriate three
factor interaction column are recorded.

Foe all remaining seven cells steps 4 and 5 are repeated.

In column a, all the outputs where A is (-} are added and all the outputs where A is {+)
arc added. Note the difference between these two sums in the last row labeled “main and
[nteraction effects contribution.” A () sign above this entry is placed if A (-) sum is
worse than the A(+) sum or A(+) sign if the reverse is the case.

Similarly, ail the (+) and () outputs for each column B and C, AB through CA, Abc are
added and the difference in the last row are noted as in step7.

39



The row now displays, in precise quantified form, the contribution of each main factor as
well as each two factors, Three factors interaction to the total variation,
An ANOVA Table is constructed with average data and is presented in Table 5.8,

Table 5.3 ANOVA Tablc
_ oy | ! o e
Cell |Factors 2 Factors interactions (3 Factors| Output
Group interactions
Nep removal
A B C | AB | AC | BC ABC  |Efficiency
1 - . - + + - 757
2 - - + - - + 73.0
a - + - - + . + 79.0
4 - + + - - + - 69.7
5 + - - - - + + 817
g + - + - + - - 72.0
7 + + - + - - - 76.7
8 + + + + + + + 747
17 231 -237i -23 0.3; 1.1 14.3, |
T ]
o ) ) | Red _ i.,_.__ __|"_] Pirk ]'_ ___________
] ! 1 ! !
Red X

This is the smallest point {absolute smallest value) in the main an interactive effects cell.
This cell indicates the worst condition. Therefore, the setting of delivery speed 100
m/min provides worst result. This setting is forbidden to use.
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3.2.5 RESULT OF SIGNIFICANCE TEST:

Analysis f vartance is performed o test significance of different factors . The caleulation
of significance test is shown i Appendix A and result of the test is shown in table 5.4
The main and interactive effects are presented in table 5.5.For the main effects, the
computed values of f for (4.99 , 16.25, 18.87 } for factors cylinder, flat speed and delivery
speed arc less than the tabulate value ( [= 4.15 } Therefore ,for the significance .05,the
main effects are significant for the all three factors.

For the same level of significance, the computed value of f{4.34) for the interaction of
cylinder values and flat speed are more than the tabulated value (f = 4.15) .So the
interaction effect of flat speed and delivery speed rate are significance for a level of
significanc, (5.

Furthermore, for the same level of significance, the computed value of f (4.19) for the
interaction of cylinder values and delivery speed are more than the tabulated value (f =
4.15) and the computed value of f (20.44) for the interaction of delivery speed and flat
speed are more than the tabulated value (f = 4.15). So the interaction effect and the
interactive and are not significant for a level of significance 05,

Table5.4 Analysis of variance.

Source of Sum of Degree of Mean Computed
Variation square freedom square f
Cylinder speed (A)  2.47 1 2.47 4.95
Flat speed (B) 20,148 l 20,148 16,25
Delivery speed (C) 23 4 1 234 18.87
AB 5.387 - 5.387 434
BC 25.10 ] 25.10 20.24
CA 5.2 1 5.2 . 4.19
ABC 2.765 1 2,765 2.23
Error 39.695 32 1.24

Total 121.4 i9
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ToIr0g

fos(1,20) = 4.34

fns(1,22) = 4.30

fos(1, 32y =4.15

Therefore, Factor C(Delivery speed),the interaction of AB and BC significantly affect the

neps removal efticiency.

Therefore, factor A{cylinder speed),factor B(flat speed), factor C(detivery speed) and
interaction of factor and significantly affect the neps removal efficiency.

Table5.5 Main and interactive effect the neps remosal efficiency.

Elfects Values
Cylinder speed(A) 2.47
Flat speed(B) 20.148
Delivery specd{C) 23.4
Interaction AB 5387
Interaction BC 2510
Interaction CA 3.2
Interaction ARC 2.765

5.2.6 OBSERVATION:

All the threc factors had main effects on the neps removal efficiency. Nep removal
cfficiency greatly depends on delivery speed is 80m/min. The lower the delivery speed
(production} the higher the nep removal efficiency.

52.7 IMPACT ON THE YARN PRODUCTOIN

The impact of reps removal efficiency per Ib weight of cotton is negligible an
unneticeable by the customer. But the total increase the production per operation is
significant. More profit can b obtained from the additional production. Furthermore, this
development will be helpful to maintaining production price in case of increase the raw
material cost, labar cost,tax,fixed cost ete. Although this development is negligible in
front o the total extend of the company. This king of research and development works is
helpful in the implementation of one of the major markeling policy of the company to
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7 AL

monopoly tn market by maintaining relationship with government, introducing tax stamp
and increasing tax without increasing production price. The impact on yarn production is
shown in Table 5.11.sa mention eatlier delivery speed 80m/min is used. Efforts are taken
continuously to praduce more yam than minimum tolerance limit.

Table 5.6 Impact on Yarn production.

Input parameter Neps No. of More than
Stno | Cylinder Flat Delivery removal production lower limit
speed(A) | speed(B) | Speed{C) | efficiency per day 472 lbs
} 375 135 80 737 953.6862 4.8%
2 375 135 100 73.0 1149.502 6.7%
3 375 153 80 79.0 995.2635 5.2%
4 375 153 100 69.7 1097.624 6.2%
3 426 135 &0 81.7 1029.279 5.5%
6 426 135 100 72.0 1133.844 6 6%
7 426 153 80 76.7 566,2875 4.9%
8 426 153 100 74.7 1176.364 7 04%

53 EXPERIMENT CARRIED OUT WITIH RING FRAME

Expenments were conducted with RING FRAME to identify the optimized combination
of leveis of the selected two factors. Three levels were selected against two factors, The
first factor is the ring speed and twist per inch. The levels of ring speed are 18100, 18600
and 19000 while those are twist per inch are 25.18,25.48 and 25.78 Thus nine sets of
experiment are conducted for this purpose, each consisting of three sets of experiment
under same conditions. The data on the neps and quality ratio along with their standard
deviations corresponding to each set point are presented in Table 5.10

The sequence of testing for each combination was randomly chosen to fulfill the
requirement { randomization. The average of the readings under a particular set condition
was taken. The difference between the summations of one level from summation of
another level of the same factor was due to factor alone, as all other factors balance one
anothet. The best'optimum level comesponding to the maximum of average response
values under each factor was evaluated. The interactive effects among the factors were
alone evaluated according to the standard procedure.
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Table 3.7 Production and Neps of different experiment.

Experi Input parameter Prod N
ment . Twist mean | Neps/Km °ps

No Ring speed perinch | (ops) {Imperfection)

! 1311 25.18 4.25 (1K 144

2 13600 2518 4.34 tia 153

3 1900 25.18 .34 184, 119

4 18100 2548 4.2 50 71

5 18600 2548 4.28 48 63

& 1500 2548 429 50 70

7 13100 2373 4.2] ug 133

8 FRG00 2578 4.30 83 108

0 L 5000 2578 4,28 92 126

Two factors such as ring speed with three positions 18100, 18600 and 19000 rpm and
twist per inch 25.18, 25.48 and 25.78 were consider for fractional analysis. The effects of
the vartables on neps gencration are presented on Table 5.11.

3.3.1 ASSESSMENT OF THE MAIN EFFECT

For both the ring speed and twist per inch had their individual main effects on (he NEPS.
On the average the higher the ring speed, the better is the neps. This trend holds good for
the set point of the ring speed 18600 rpm and 25.48 twist per inch. But it does not occur
while the ring speed is set either at 18100 rpm or at 19000mpm. In case of ring speed
“18600rpm™ and 25.18 twist per inch , there is an increase the neps and then decrease,
where as for ring speed” 18600mpm and 25.48 twist per inch™. Maximum production and
minimum neps is obtained at ring speed” 18600 rpm” and 25.48 twist per inch.

Table 5.8 The data for production with different parameter for ring frame

Twist per inch
Ring
speed 25.18 25.48 25.78 Tatal
181Q0 110 20 L] 256
18800 116 48 &3 247
19000 132 50 52 274
Total 358 148 2 -
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In the context min neps on the twist pr inch is 25.48. The min neps on the yarn the twist
per inch 2548 is superior compared to 258 and total gain is (148-358) 210 per
km(negative value). This gain is achieved as the cumulative effect of three ring speed
positions. So the average gained by min neps twist per inch is (210/3)i.e.70 per km.

Similarly, twist per inch of 25,48 is superior compared to 25.18 and the gain is (148-271)
41per km {negative value). This gain is achieved as the cumulative effect of three ring
speed positions. So the average gained by min neps twist per inch is (41/3)i.e.14 per km,

The Ring speed the min neps *18600 pm’ is superior compared to that of *19000mpm’
and total gain is (247-274) 27 per km (negative value). The gain is achieved as the
cumulative elfect of three twist per inch. So the average gain by min neps Ring speed is
(27/3} 1.e.9 units per km.

The Ring speed *18600 rpm’ is superior compared 1o that of 18100 rpm® and total gain is
(247-256) 9 per km {negative value) units. The gain is achieved as the cumulative effect
of three twist per inch. So the average gain by min neps Ring speed is (9/3) i.e.3 per km.

It is observed for Twist per inch 25.48 and Ring speed 18600rpm, the neps is minimum.
30 the condition {(Twist per inch 25.48 and Ring speed 18600rpm) 15 the most desirable
sct condition for the operation of Ring frame.

Now we consider the data optimum production with different input parameter for ring
frame.

Table 5.9 The data for production with different parameter for RING FRAME

Twist per inch

Ring speed 25.78 2543 25.18 Total
18100 398.1574 398.5624 403.3109 1200.011
18600 406.971 4051919 410.0195 1222.182
19000 402 4553 407.1938 4094341 1219.08
Tota! 1207 564 1210.948 1222781
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In the context production of yamn the twist per inch 25.18 is superior compared to 25.78
and total gain is {1222.761-1207.564) 15.197 units. This gain is achieved as the cumulative
effect of three ring speed positions. So the average gained by twist per inch is
{15.197/3).2.5.066 per operation.

Similatly, twist per inch of 25.18 is superior compared to 2548 and the gain is
(1210.948-1207.564)11.813 units. This pain is achieved as the cumulative effect of three
ring speed positions. So the average gained by twist per inch is (11.813/3)i.e.3.94 per
operation,

The Ring speed ‘18600 rpm’ is superior compared to that of *18100rpm’ and total gain is
(1222, 182-1200.011) 22.171 units. The gain is achieved as the cumulative effect of three
twist per inch. So the average gain by Ring speed is (22.171/3) 1.e.7.39 units per
operation.

The Ring speed 18600 rpm’ is superior compared (o that of 19000 rpm’ and total gain is
(1222.182- 1219.08) 3.112 units. The gain is achicved as the cumulative effect of three
twist per inch. So the average gain by Ring speed is (3.112/3) i.e.1.037 units per
aperation,

It is observed for Twist per inch 25.18 and Ring speed 18600rpm,the production is
maximum. So the condition (Twist per inch 25.18 and Ring speed 18600rpm) is the most
desirable set condition for the operation of Ring frame,

$.3.2 ASSESSMENT OF THE INTERACTIVE EFFECT

Ring speed 18100 rpm” is selected and the average values of neps for the rwist per inch
of 25.18, 25.48 and 25.78 are plotted against this ring sped.

Similarly the average value of neps for the twist per inch of 25,18, 2548 and 25.78 are
plotted against the ring speed” 18600 and “19000™ respectively.

Joint all the points of 25.18 with straight lines. Similarly joint all points of 25.48 and
25.78 with straight lines respectively.

Interaction between the two factors namely the ring speed and twist per inch can be
determined according to the following rules.

If the two lines are parallel, there is not any interaction between them.

[f the two lines cross each other in the middle point, there is strong interaction between
the two factors. If the lines cross in one side, there is little interaction.

Interaction between the ring speed and twist per inch are shown in Fig.5.4
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Interaction between Ring speed & Twist per inch

i i 13600 rpm
120 - //

———

100 - 19060 rpen
80 -+
60 - 18100 e
40 -
20 -

0 - 1 | i
18100 rpm 18600 rpm 18000 rpm

Ring speed

Neps

Fig5.4 Interaction between ring speed and twist per inch
5.3.3 RESULT OF SIGNIFICANT TEST

Analysis of variance is performed to test significance of different facior. The calculation
of significance test is shown in Appendix A and result of the test is shown in table 5,10
The main and interactive effect is shown in Table5.14.For the main effects, the computed
values{l.42and 1.032)are less tabulated value(fps(2,18)) = 0920.0r the levels of
significance .05,th main effects are not significance for the both actors.

For the level of significance, the computed values of £ is more than the tabulated values
(£0s(2,18) = 2.93) .So the interactive effect is significant for a level of significance. 03,

However, for (= = .25) the level of significance, the tabulated value of f{fos(2,18)= 1.5)
is more than the computed value of f{1.42 and 1.032).So, for the leve! significance
.025,the main effects not significant for the both factors.

Furthermore, for (= = .01) the level of significance, the tabulated value (f(Fas{2,18) = 1.5)

[s more than the computed value(.092).So, with .01 level of significance the interaction
15 not significance.
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RESULT OF SIGNIFICANCE TEST

Table.5.10 Analysis of variance

Source of Sum of Degree of Mean Computed
Variation square freedom sguatc f
Twistperinch (A) 24.74 2 12.37 1.42
Ring speed (B) 17.93 2 8.5963 1.032
Interaction 317 4 7925 092
Error 15639618 18 8.69

Toual 202.236 25

fs(2,18) = .092

fre(4,18) =293

Thercfore, the interaction between Factor A (Twist per inch) and factor B {(Ring speed)
significantly affect to minimize the neps,

Table5.11 Main and interactive effect the neps .

Effects Values -
Twist per inch{A) 1.42

Ring speed({B) 1.032

Interaction AB 0562
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5.3.4 RESULT AND OBSERVATION

Both the Ring speed and twist per inch had main effects on the neps. The higher ring
speed, the more neps, where as, isonesae neps is obtained at dng speed 18600,and twist
per inch 25.48. The interaction between the two parameters is also significané®. Higher
ring speed has two benefits without breakage. Productivity is increased and minimum
neps 1s obtained.

3.3.5 IMPACT ON THE YARN PRODUCTOIN

The impact of reps removal efficiency per lb weight of cotton is negligible an
unnoticeable by the customer. But the total increasc the production per operation is
significant. Mare profit can b obtained from the additional production. Furthermore, this
development will be helpful to maintaining production price in case of increase the raw
material cost, labor cost, tax, fixed cost ete. Although this development is negligible in
front o the totals extend of the company. This king of research and development works is
helpful in the implementation of one of the major marketing policy of the company to
monoepoly in market by maintaining relationship with government, introducing tax stamp
and increasing tax without increasing production price. The impact on yarn production is
shown in Table 5.16.s2 mention carlier ring speed 18600rpm is used. Efforts are taken
continuously to produce more yam than minimum tolerance limit.

Table 5.12 Impact on yarn production.

Si input parameter Number of No. u_f More than
o Tu:ist per Ring veps production lower limit
inch speed per day 447 1bs
] 25.18 18160 110 403319 10.92%
2 2548 18100 116 410.0195 9.43%
3 25.78 18100 132 409,431 1 9.56%
4 25.18 18600 50 393.5624 11.97%
3 2548 18660 48 405.1915 10.50%
6 25.78 18600 50 407.1938 10.06%
7 25.18 19000 96 3981374 12.06%
8 2548 19000 a3 406,971 10.12%
g 2578 19000 g2 4072 43553 11.11%
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5.4 EXPERIMENT CARRIEDOUT WITH WINDING

Experiment has been conducted to find the best factor winding speed. Five levels of the
single parameter will be considered for the design of experiment in finishing section.
Each group is the average of four similar experiments. The sequence of testing for each
combination was randomly chosen. The average of the reading under gach level of facter
was taken. The bestfoptimum level corresponding to the maximum of average values
under factor was evaluated. In Table 15.50 the data of neps with the standard deviations
corresponding to each set point are represented.

Furthermore, significance test and interactive effects among the facter was also
evaluated.

5.4.1 FACTORIAL DESIGN ANALYSIS NEPS

The individual section was not synchronized because a test or series of test in which
purposeful changes were made to the input variables of a process or system so that one
may observe and identify the reasons for change in the output as mentioned earher, the
factor was winding speed 1250m/min, 1300m/min,1350m/min ,1400m/min and
1450m/min The effects of variable on neps are represented on Table.5.50

Table 5.13 Production and Neps of different expeniment.

Experi indi
peri Winding Neps/K
ment speed
m
No
1 1230 21
2 1300 949
3 1330 101
4 1400 138
5 {450 144
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5.4.2 ASSESSMENT OF THE WINDING SPEED EFFECT

The generation of neps on different speed is represented the following figure5.6

Winding Speed effect the neps

I

Neps
= M
oBEBEBHEHE
| I I B BN TR |

Winding speed

Fig.5.5 Winding speed effects on neps

5.4.3 RESULT AND OBSERVATION

The higher winding speed, the more neps, where as, increased production is obtained at
winding speed 1450m/min. But the winding speed 13§00 m/min is sattsfying the quality
standard. In most of the experiment quality ratio was more than tolerance limit.

!



Chapter - 6

CONCLUSION AND RECOMENDAIONS

6.1 INTRODUCTION

The concluding remarks outlined here are based on the findings of the study conducted
under specified experimental condition. Experiments were conducted on threc machines,
namely the carding, ring frame and the winding machine.,

6.2 CONCLUSION FOR CARDING MACHINE

In casc of carding there are a number of parameters can be changed. These are auto
leveler, process air temperature, Pressure (P,), Deflection angle, delivery speed, flat
speed and cylinder speed. However, depending on the set values of auto leveler, process
air temperature, FBK Pressure {P,) are controlled by PLC. The remaining three parametar
— delivery speed, Mat speed and cylinder specd can be regulated manually The control
values of dehivery speed, flat speed and cylinder speed are 80 ~ 100 m/mim, 135153
m/min and 375~ 426 rpm respectively.

The following concluding remarks made with CARDING machine:

# All the three parameters such as the dehivery speed, tlat speed and cylinder speed
woere found to have individual effeet on the neps. The maximum was found for
dehivery speed than for flat speed and the rmmmum for cylinder speed.

Small interactive effeet on the parameters on nep was also observed.

Drelivery speed Blnumin, flat speed 135 mimin and 426 mpm were found to lead
to maxirnum neps removal efficiency.

Ameong the cxpetimental conditions variability was found to differ signift t:ann:lj-,-r
me the ﬁNDVA table3.3 it m found e the combination, o s s 10D

r . o wa
e -r-a-- e R .a_\........\.-q..,.,.n.-

From the significance test 1t has been found that delivery speed, Bat speed and
cylinder — ail these three parameters have signihicant effect on nep removal
efficiency. Interaction between flat speed and delivery speed and cylinder speed
and flat speed was found to be significant by the test.

» In all cases of quality was more than standard 1ndicating the fulfillment of the
mimmum requircment of material vtilization set by the company.

Vo

o

1

6.3 RECOMMENDATIONS FOR CARDING

\I‘

It is recommended fo cnsure minimum vanation in those steps of processing
operations ard input variables to perform the experiment on carding.

Response surface methodology can be applied to develop a functional
relationstup.

'\i



#  Experiment may be conducied with wider range and greater number of levels.
# To get accurate result every test must be repeated several times(more than 5
times) as the average of large number of tests can give more reliable result.

6.4 CONCLUSIONS FOR RING FRAME

In casc of RING FRAME, there are a number of parameters can be changed. These are
Drafting system, process air temperature, Twist direction, ring speed and twist per inch.
However, depending on the set values of drafting system, process air temperature, twist
direction are controlled by PLC. The remainimg two parameters — twist per inch, ring
speed can be regulated manuaily. The control values of nng speed and twist per inch are
respectively 18100 rpm, 18600 and 19000 add 25.18, 25.48 and 25.78

It may be mentioned here that each set condition, experiment was replicated for three
times.. With three values standard deviation was calculated to check the vanability.
Quality standard, a parameter to measure the retained material, was checked individually
with very cxperiment to confirm the minimum acceptable level.

The follewing concluding remarks can be made for ring frame

L

Both the ring frame speed and twist per inch were found to have signilicant
cifects on the neps.

A strong interactive effect of the parameters was also observed.

With the experiment limits, the minimum neps and maximum productivity was
observed for 18600 rpm ring speed and 25.48 twist per inch.

Amaong the nine experimental conditions variability {standard deviation) was
found (o differ significantly.

At ring speed 19000 and 25.78 twist per inch, the vadability was the lowest
leading to the consistency and customer satisfaction.

Maximum quality standard was observed to occur at 18600 rpm and twist per inch
2548,

A significance test was conducted by analysis of variance and 1t has been found
that there is significant interactive effect of the ring speed and twist per inch on
neps.

Vo

AL U %

w5

6.5 RECOMMENDATIONS FOR RING FRAME

#  Greater number of parameters may be selected for experiment with ring
frame.

To get accurate result every test must be repeated several times. The average
of these tests can ensure more reliable results,

There are several prior operations conducted in the processing of yarn before
the operation performed in ring frame. So, It is recommended to secure

\:l'

".l'
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minimum variation in those steps of processing operations and input variable

to perform the experiment on ring frame.

Response Surface Methodology can be applied to obtain a functional

relationship.

¥ Experiment may be conducted with wider range and greater number of
levels,

W

6.6 CONCLUSIONS FOR WINDING

In case of winding, there are a number of parameters can be changed. These are splicing
systcmn, process air temperature, tensioner, winding speed. However, depending on the
set values of splicing system, process air temperature, and tensioner are controlled by
PLC. The winding speed can be regulated manually. The contro! values of winding speed
are respectively 1250,1300,13350,1400 and 1450 rpm.

[t may be mentioned here that each set condition, experiment was replicated for three
times. With three values standard deviation was calculated to check the varability.
Quality standard, a parameter to measure the retained material, was checked individually
with very experiment to confirm the minimum acceptable level.

The following concluding remarks can be made for winding.

v vy

LE

v

Winding speed was found to have significant effects on the neps.

With the experiment limnits, the minimum neps and maximum productivity was
observed for 1330m/min winding speed.

Among the nine experimental conditions variability {standard deviation) was
found to differ sigmficantly,

At winding speed 1450 m/min, the vanability was the lowest leading to the
consistency and customer satisfaction.

Maximum quality standard was observed to occur at 1350m/min.

A significance test was conducted by analysis of variance and it has been found
that there is significant interactive effect of the winding speed to generate neps.

6.7 RECOMMENDATIONS FOR WINDING

The following recommendations arc made for future work and optimized operation of
winding.

»

".I'

o

It is recommended to ensure minirmum variation in those steps of processing
operations and input variables to perform the experiment cn WINDING.

To get accurate result every test must be repeated several times. The average of
these tests can ensure more reliable results.

Response Surface Methodology can be applied to obtain a functional relationship.
Experiment may be conducted with wider range and greater number of levels.
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CALCULATION OF SIGNIFICANCE TEST
FOR CARDING

Nep removal efficiency (%) = (Nep in card) x 100/ Nep in card matenal

83 327 0.253823 0.748177 7461774
7R 341 | 0228738 0771281 77.1261
70 313 0.223342 0776358 77.53578
2\ 931 0.235474 0.764526 76.7

Cylinder speed Total
Delivery speed Flat speed
P AQ) A
375 rpm 426rpm
0.0 B2.0
B{-) 76.0 83.0
135m/min 750 20.0 157.4
787 81.7
C{-)
80m/min TO.0 75.0
B(+) _
; 0.0 77.0 155.7
153 m/min 78.0 78.0
79.0 76.7T
67.0 730
B(-) 82.0 71.0
135m/min ?D.IJ 72.0 145.0
73. 0 72,40
)
100m/min 71.0 7.0
B(+)
. 63.0 75.0 144.4
[53m/min 70,0 72.0
69.7 74.7
Total 207.4 M5.1 602
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The sum & squares are computed as follows

Here

a = level o factor A; b = level of factor B; ¢ = level of factor C; n = number of replicate
i=12---a;j=1,2--b;k=12--cand [=1,2--n.

y* = Average of the square of the observation of all aben observation.

v’ fben = Average of the square of the observation for the i th level of factor A.

y,* facn = Average of the square of ;hc obscrvation for the j th level of factor B

yi fabn= Average of the square of the observation for the k th level of factor C

y; /fon= Average of the square of the observation for the i th level of faclor A and j th

tevel of factor C

}"lszbn= Average of the square of the obscrvanon lor the i th level of factor A and k th
level of factor C

v /b= Average of the square of the observation for the i th level of factor A and k th
level] of factor C

¥y /= Average of the square of the observation for the i th level of factor A and j th

level of factor B and k th level o factor C.

vi® = Average of the square of the observation for the i th level of factor A and 1 thlevel
of factor B and k th level o factor C.

a b c
S3r _Z Z Z Z }‘ru'}cl2 - }'l'flahcn

i=1 j=1k=11=
= {7612+ {TE]I?-‘H[?5]2+---———{T5]2+[T2J2 - (B602)#(2.2.2.73)
=1214

a
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354 =3 v, /ben - ffabcn
i=1

= {{297.4)2 (305.1)2) {2°2*3) - (6022f (2*2*2*3)
=247
b
582 =5  y’facn- y¥faben
o
={(157.4)%+ (145.7)% + [156.7)2+ (144 4)2Y (2*2'3) — (802)% {2 2*2*3)

= 20.148

c
SSc=F  w'/abn-  yaben
=1

= {{157.4)%+ (155.7)2+ (14612 (144512} (22*3) - (602 (2'2'2*3)
=234

a b
SSsie=Y% ¥ wllen - yaben- SS. . SSg

i=1 3=
= {148,772+ (148.7)2+ (153.7)2+ (151.4)2)f (2*3) — (BO2VY/ (22°2*3) - 2.47 - 30,148
- 5.387

28 c
SSac=Y ¥ vi'/bn - y¥aben- SS, . SSc

1=l k=1
={(154.7)02+ (142.7)2 + {158 4)2¢ (146, 7))/ (2*3) - (60203 (2°2*2*3) - 247 - 23 .4
.25.10

h c
SSuc=3% ¥ wi/bn - yaben- SSg. SSc
i=l k=

- {(157 42+ (15572 + {14512+ (144,412} (2°3) - (602)% (2°2°2°3) - 20148 - 23.4
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= 5.2

SSapc=3} ¥

a b
=1 j=1

<
Z }',szfn - yz‘frabcn - SSA . SSB - SSC - SS,.\D - SSAC - SSEH:
k= [ :

= {{75.7)2+ (81.7)%+ (7OP+ (76.7)4 - - - + (T4.712 = (B02)% {2°2°2*3) = 2.47 ~ 20.148 — 23.4

5387 -2510-5.2

= 2.765

S8 =858 85584 _555-8S5-. 58845 — S840 . 58pe

=1214-247 -20148 -234 -5.387-2510-52

= 38695

Formulas of Analysis of variance
Source of Sum of Degree of Mean Computed
Variation square freedom square f
Cylinder speed (A) 58,4 a-1 M5, = 8541a-1) M5/ MSE
Flat speed (B) S84 b-1 MSy = 55p/(b-1) MSy/MSe
Detivery speed (C)  88¢ c-1 MSc = 588c/c-1) MSF MSE
AB SSan {(a-1)b-1}  MSap = SSap/(a-1)(b-1) MS.a/ MSg
BC 8Sac (a-1}¢-1)  MSac = 8Saci(a-1){c-1) MSac/ MSg
CA SSpc (a-1)b-1}y  MSpc = 88p./(b-1)(c-1) MSpc/ MSe
ABC 88apc (a-1)b-1){c-1) MSanc=SSasc/(a-1)(b-1)c-1) MSauef MS:
Error S55¢ abe(n-1) MSE = S5¢/abein-1)
Total 581 abn-1
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RESULT OF SIGNIFICANCE TEST
Analysis of varance

Source of Sum of ]jegree of Mean Computed
Vanation square freedom square f
Cylinder speed (A)  2.47 I 247 4.99
Flat speed (B} 20,148 1 20.148 16.25
Delivery speed (C)  23.4 ’ I 234 18.87
AB 5.387 I 5.387 4.34
B 2510 1 23.10 2024
CA 5.2 1 52 4.19
ABC 2.765 -1 2.765 2.23
Error 39.695 32 1.24

Total 121.4 39

Fos(1,20) = 4.34
fae(1,22) =430
fos{1,32) =415

Therefore, Factor C{Delivery speed),the interaction of AB and BC significantly affect the
nps removal efficiency.
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CALCULATION OF SIGNIFICANCE -TEST

Twist por B Total
inch Ring speed
18100 rpm | 18600 rpm | 19000 rpm
108 115 125
) 110 116 129
25.18 112 117 142 58
110 116 132
A 47 46 43
51 46 50
52 52 52 148
25.48 50 48 50 —
94 81 9]
96 23 92
97 85 93
271
25.78 26 33 52 —
Total 256 247 274 777

The sum4f squares are computed as follows

Here

a = level o factor A; b = level of factor B; ¢ = level of factor C; n = number of replicate
i=12---a;)=1,2--b; k=1,2--¢cand [= 1,2- - .

¥ /fabn= Average of the square of the summation of all aben observation,

y,z /bn = Average of the square of the observation for the i th level of factor A.

¥, fan = Average of the square of the observation for the j th ievel of factor B

¥, /n = Average of the square of the observation for the i th level of factor A and j th
level of factor B

}',_,.,1 = Square of the observation for the ijk th treatment..
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a b n

88r=% % 2 }"uk]2 - ffahr]
i=1 j=1 k=1

= (80)2+ (110)2+{112)2 e (92)2HU3)? - (TTTRI3"3*)

=202 236

a
SSa =3} yﬁs’hn - yzfabn
i=1

= {(358)2+ (14BJ+(27 1) (3°3) - (T77) (3°3°3)
=2474

b
SSp =% yfa"an- yHabn

=1
= {[256)2+ (247)2 + (2742 (3'3) - (7771 (3°3*3)
=17.93

& h

SSap=Y ¥ ¥, /n - yabn- S§5,.8Sg

i=] =1
= {(110)2+ (16)2 + - - - - +(B3)2+ (92)2Y (3) - (777)% (212*2*3) - 24.74 — 17.93

=3.17

SSE = SST . SS,\ . SSE - SS{' - SSAE - SS.“: - SSBC
=202236-317-2474-1792

= 156,396
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Formulas of Analysis of variance

Source af Sum of Degree of Mean Computed
Variation square freedom Square f
Twist perinch (A) S5, a-1 MSs = 854/(a-1) MS4/ MSe

Ring speed (B) 58 b-1 MSy = 55p/(b-1} MSg/MSe:
Interaction SS4g fa-1){b-1) MSap = S54p/a-1)b-1}  MS.a/ MSe
Error SSp ab(n-1}  MSg = SSy/ab(n-1)

Total 587 abn-1

RESULT OF SIGNIFICANCE TEST
Analysis of variance

Source of Sum of Degrec of Mean Computed
Variation square freedom square f
Twist per inch (A)  24.74 2 12.37 1.42
Ringspeed (B)  17.93 2 8.965 1.032
[nteraction 3.17 4 925 092
Error 156.39618 18 .69

Total 202.236 206

fus(2,18) = 092

fos{4,18) =293
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