ABSTRACT

RAJANEY, POOJA JASWANT. Comparative Analysis of Compact Spun Yarns and Ring
Spun Yarns. (Under the direction of Dr. Timothy G. Clapp).

Various makers of the compact spinning systems like Suessen, Rieter and Zinser have
claimed advantages associated with compact spinning over ring spinning. The objective of
this thesis is to validate the authenticity of the advantages popularly associated with compact

spinning, in comparison to ring spinning.

A total of 24 knitting yarns were spun using compact and ring spinning from a designed
experiment using a variety of raw materials and assembly parameters including cotton

micronaire, twist level and number of rovings fed.

The results of the statistical analysis of many yarn and fabric properties confirmed that there
are significant differences in compact spun and ring spun yarns in hairiness, yarn regularity,
fiber loss and fly generation, appearance, tensile properties, fabric pilling tendency and fabric
hand. Tests showing no statistical difference were found for fabric abrasion resistance.
Claims which cannot be proved either way due to lack of evidence include reduction in ends
down rate, and 20% twist reduction using compact spinning while maintaining the same

strength as that obtained with ring spinning.
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1. INTRODUCTION

1.1 Conventional Textiles Basics

The manufacture of textiles is one of the oldest of man’s technologies. In order to make
textiles, the first requirement is a source of fibers from which yarns can be made, primarily
by spinning. The yarn is processed by knitting, weaving or other fabric manufacturing

methods that turn this yarn into a cloth.

Typical textile processing includes 4 stages: Yarn Formation, Fabric formation, Wet

Processing and Conversion to end product (apparel or others).

Each of these stages can be executed using different methods which are selected based on
end use. For example, fabric formation can occur using weaving, knitting, crocheting, etc.
Similarly, yarn formation can involve chemical fiber bonding, spinning techniques like ring

spinning, rotor spinning, air-jet spinning, friction spinning, etc.

Ring spinning is the oldest and the most widely used method of making yarns. A more
advanced and modified version of ring spinning is compact spinning. This thesis focuses on

studying and comparing compact spinning against ring spinning.



1.2 Objective
Various makers of the compact spinning systems like Suessen, Rieter and Zinser have
claimed compact spun yarns to have advantages over ring spun yarns in the following critical
areas [1,2,3]:

e Reduced hairiness

e Better yarn regularity (Evenness CV)

e Higher strength (Tenacity)

e Higher work capacity (B-work)

e Better yarn elongation

e Reduced ends down (by 50%)

e Reduced fiber loss & fly contamination

e Smoother appearance

e Up to 20% twist reduction using compact spinning, while maintaining yarn strength

identical to that obtained with ring spinning

e Improved pilling and abrasion resistance

The objective of this thesis is to validate the authenticity of the advantages popularly
associated with compact spinning, in comparison to ring spinning, under a variety of raw

material and assembly conditions.



2. LITERATURE REVIEW

2.1 Ring Spinning

From hand spinning to today’s modern spinning technologies enormous human inventive
efforts have been spent to develop better twist insertion mechanisms in terms of production
speed and yarn quality. A major breakthrough came with the invention of the ring spinning
machine more than 160 years ago [4]. The ring spinning machine is still the most widely
used spinning machine all over the world at present, and it seems that it will continue to

dominate the long and short-staple spinning industries for some time.

The popularity of ring spinning comes from its flexibility with respect to type of material and
count range, and particularly its optimal yarn structure, which results in outstanding yarn
strength [4,5]. At present ring spun yarn sets the standard against which all other yarn types
are judged. Up to a few years ago, ring spun yarns were thought to have reached the ultimate
perfection in the art of making yarns from staple fibers. However this changed with the

invention of compact spinning.

2.1.1 Principle of Ring Spinning

In ring spinning the roving is attenuated by means of a drafting arrangement until the
required fineness is achieved, then the twist is imparted to the fine fiber strand emerging
from the front rollers by the traveler, and the resulting yarn is wound onto a bobbin tube.

Each revolution of the traveler inserts one turn of twist to the fiber strand. The traveler, a tiny



C-shaped metal piece, slides on the inside flange of a ring encircling the spindle. It is carried
along the ring by the yarn it is threaded with. Due to the friction between the traveler and the
ring and air drag on the yarn balloon generated between the thread guide and the traveler, the
speed of the traveler is less than that of spindle, and this speed difference enables winding of

the yarn onto the package [4,6]. Figure 2.1 shows the principle of ring spinning.

Figure 2.1: Principle of Ring Spinning [4,8]

2.1.2. Drawbacks
The major drawbacks of this system are the relatively low production speed and difficulty of
automation. In fact, the ring spinning machine accounts for 60% of total production cost in

the ring spinning mill. The production speed of the ring spinning frame depends on the



traveler and spindle speeds. In most cases the source of low production speed is the excessive
heat generated between the ring and traveler during winding, due to high contact pressure at
high speeds. The temperature in the traveler might reach more than 400 °C. The real problem
is not generation of heat, but its dissipation. Due to its very small mass the traveler cannot
transmit the heat to the air or the ring in the time available [4,7]. Currently, the traveler speed
is limited to about 50m/s but most machines seldom exceed 40m/s [7]. Major improvements

above presently available levels are not easily attainable.

Frey [9] argues that at present further automation in ring spinning is not economical since
this means a reduction in the number of staff, but also an increase in the qualification of the
employees. He claims that the economic performance of ring spinning can be improved only
by increasing the output per spindle. This can be achieved by either increasing the spindle
speed or increasing the output for a constant spindle speed by reducing the twist (turns per
unit length). As explained above, further increases in traveler speed are not possible. Thus,
the only way to increase spindle speed without increasing the traveler speed is to reduce the
ring diameter and the spindle size. However, due to economic and technological reasons, the
reduction in the size of the ring and the spindle is not possible beyond a certain point. The
number of splices on a bobbin rises dramatically with decreasing ring and spindle diameters.
Splices might cause yarn breaks in weaving. This sets a limit for the size reduction. Even
without smaller ring sizes, ring spun yarns have many more splices than rotor yarns. Thus, a
reduction in the number of splices due to weak points is necessary. The sources of the weak

points on the spinning frame are yarn friction in the yarn guiding elements such as yarn



guides and balloon control rings, tension peaks, and particularly the spinning triangle.

Increasing output by reducing the twist will cause a decrease in yarn strength.

Although ring spun yarn sets the standard against which all alternative yarn types are
measured at present, it is far from perfect. If the structure of ring spun yarn is examined
under a microscope, it can be seen that integration of many fibers is poor; thus their
contribution to the yarn strength is minimal. If all fibers were fully incorporated in the yarn,
the strength and the elongation of the yarn could be increased substantially. Unincorporated
fibers in ring spun yarns stand out from the twisted yarn core, and cause hairiness, which is a

disturbing factor in subsequent process steps [10].

In ring spinning two main factors — the drafting procedure and the yarn formation — affect the
structure and the quality of yarns. Currently, the drafting process has reached a very high
quality performance. On the other hand, the yarn formation process is further away from the
ideal performance level. The reason for that is again the spinning triangle. Detailed

information on the spinning triangle is given in the following section.

2.2 Spinning Triangle

In the ring spinning frame the fiber bundle follows a path between the drafting system and
yarn take-up on the cop. This path involves the drafting arrangement, thread guide, balloon
control ring, and traveler. These elements are arranged at various angles and distances

relative to each other. All these distances, inclinations and angles are referred to as the



spinning geometry. The spinning geometry has a significant effect on the end breaks, tension

conditions, generation of fly, yarn hairiness, and yarn structure [11].

Twist is imparted by the traveler, and goes up as close as possible to the nip line of the front
rollers. However, twist never penetrates completely to the nip line. Since the width of the
fiber bundle emerging from the drafting system is many times the diameter of the yarn to be
spun, fibers in the bundle have to be diverted inwards and wrapped around each other.
Consequently, at the exit from the front rollers there is always a triangular bundle of the
fibers without twist, which is called “spinning triangle” [4,6]. Figure 2.2 shows one such
spinning triangle. Most of the end breaks initiate at this weak point because each fiber in the
spinning triangle does not contribute to the yarn strength equally during the yarn formation.
Fibers in the center of the spinning triangle are not subjected to any tension, and thus bound
together without being exposed to elongation, while the external fibers have to resist the full
force of the balloon tension. Besides, short fibers in the spinning triangle can contribute very

little to the strength [12].

The length of the spinning triangle is determined by the twist level, drafting ribbon width,
spinning tension and the spinning geometry. While high yarn twist causes a short spinning
triangle, low twist causes a long triangle as shown in Figure 2.3. Klein [4] points out that a
short spinning triangle represents a shorter weak point and thus fewer end breaks. He also
indicates that if the spinning triangle is too short, the deflection of the fibers on the edges has

to be very sharp during the binding in.



This is not possible with all fibers. A very short spinning triangle results in some fibers on

the edge to not be integrated into the yarn causing loose fibers or ‘fly’. Other fibers on the
edge might be bound-in at one end only causing hairiness. On the other hand, a long spinning
triangle results in a longer weak point, and thus more end breaks. However, with a long

triangle, fibers are better bound into the yarn. This produces a smoother yarn and less fly.

Figure 2.2: Spinning Triangle [2]

The spinning triangle is the weak point of a ring spinning system, but also provides an
opportunity for further improvement in ring spinning. In order to obtain fundamental
improvements in ring spinning, the modification of the ring machine is necessary. Compact
spinning aims at eliminating the spinning triangle and the problems associated with it. The
following section presents the solution developed by Suessen® in order to achieve this

desire.



2.3 Compact Spinning

2.3.1 History of Compact Spinning

The idea of compact spinning emerged during the attempts made by Rieter under the
direction of Dr. Fehrer [13] to adapt a ring spinning frame for spinning from cans. In order to
achieve this desire, some modifications on the ring spinning machine were necessary.
Dr.Fehrer came up with the idea of dividing a drafted sliver on to two spindles by means of
suction and compressed air. Several trials were run on a modified Rieter ring spinning
machine. The results showed that this method was practically possible, but technically very
expensive due to the large space requirements of cans and costly long distance sliver feed.
On the other hand, the quality of the produced yarn was surprisingly good even though the
draft employed during spinning was very high, and the fibers were fed from the untwisted
sliver. A closer study showed that the reason for this superior yarn quality was the
condensation of the fibers subsequent to the division of the sliver. This incident led
researchers to focus on developing a drafting mechanism with a mechanical/pneumatic fiber
condenser unit to obtain excellent yarn parameters in ring spinning. It took many years to
reach operational perfection. Through these years it became evident that the same effect can
be achieved by a range of technical solutions with a series of alternatives. Later these
solutions were patented by other textile machinery makers [14]. With the invention of
compact spinning, for the first time a new spinning process was not aimed at exclusively

achieving higher production speeds, but at better yarn utilization and yarn quality.



At ITMA’99 in Paris three textile machinery makers: Rieter®, of Switzerland; and Suessen®
and Zinser®, of Germany exhibited their compact, or condenser spinning systems [14,15,16].
These systems are somewhat different in each case, but all of them are based on the same
principle of the “elimination” of the spinning triangle by pushing the staple fibers together, or
condensing them to attain a much smaller spinning triangle than with conventional ring

frames as seen in Figure 2.3.

Conventional Compact
Spinning Triangle Spinning Triangle

— sliver width B

sliver widthB

]
|

v height spinning triangle

RIS
N7 4 T

4

height
pinning triang!

le

spinning tension spinning tension

Figure 2.3: Comparison of spinning triangles at conventional ring and compact
spinning systems [5]
This is achieved by adding an extra condensing process action between the front roller and
twist insertion. As a result of this condensing, the width of the fiber bundle is reduced
significantly prior to twist insertion, and thus the spinning triangle is nearly eliminated. With

the elimination of the spinning triangle, even short fibers are capable of contributing strength,

10



and all the fibers are twisted under the same tension. Moreover, the fiber ends are much more

tightly incorporated into the fiber mass [10,14,15].

Among these pioneer companies, only Suessen® claimed that its technology would be
applied virtually to the entire current range of ring spun yarn counts and types at ITMA’99

[15].

2.3.2 Principle of Compact Spinning

This system consists of an additional “drafting zone”, which is mounted on a standard 3-roll
ring spinning machine (Figure 2.4). In this drafting zone an air—permeable lattice apron
(Figure 2.5) runs over a suction tube. The suction tube is under negative pressure and there is
a slot tilted in the direction of fiber movement for each spinning position. After the fibers
leave the front roller nip line, they are guided by means of the lattice aprons over the
openings of the suction slots where they move sideways and are condensed due to suction air
flow. The openings of the suction slots are at an incline to the direction of fiber flow. This
helps condensing by generating a transverse force on the fiber band during the transport over
the slot and causing the fiber band to rotate around its own axis. The lattice apron carries the
fibers attached to it up to the delivery nip line. The diameter of delivery (driven) top roller is
slightly bigger than the diameter of the front top (driving) roller. This generates a tension in
the longitudinal direction during the condensing process. The tension ensures the
straightening of curved fibers, and therefore, supports the condensing effect of the negative

pressure acting on the fiber band in the slot area of the suction tube [10,16,17].
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2.3.3 Popular Claims of Compact Spinning

Compact yarns are claimed to be stronger and less hairy due to the improved fiber binding,
and have higher yarn elongation, higher work capacity, and lower yarn irregularity compared
with conventional ring yarns [9,16,18]. Figure 2.6 shows the structures of conventional ring
and compact yarns [1]. The difference between compact and ring yarns in yarn strength,
elongation and hairiness values is higher with carded yarns than with combed yarns [10]. As
a result, compact yarns have tremendous potential to offer several advantages both in

spinning and in all subsequent processing stages compared to conventional ring yarns.

Figure 2.4: Additional Drafting zone in compact spinning [1]
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Figure 2.5: Lattice apron with a slot underneath [1]

'
,f//

Figure 2.6: Yarn structure of 100% cotton 17 Ne compact spun yarn (top) and
conventional ring yarn (bottom) [1]
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Another claim is that the ends-down rate in spinning can be reduced by up to 50% using
compact spinning [10, 19], which improves machine efficiency. It is possible to use low
quality cotton while maintaining yarn strength equal to the conventional ring spun yarn with
the same twist level. The fiber loss and fly contamination is reduced. A smoother, combed—
like appearance can be achieved with carded cotton due to less hair [16]. In high-speed
winding, occurrence of hairiness, neps and fiber dust are reduced due to the higher resistance
to axial displacement. In certain applications doubled yarns might be replaced by single
compact yarns. In weaving preparation owing to the lower hairiness and higher tenacity of
compact yarns, the ends-down rate in beaming is reduced by up to 30%. In sizing, the
amount of sizing agent needed can be reduced up to 50% due to the low hairiness while the
running behavior of weaving machines is the same or even better. This results in cost saving
in sizing as well as desizing. Due to the better work capacity of compact yarns, in weaving,
ends down rate can decrease by up to 50% in the warp and by up to 30% in the weft, which
in turn will increase the efficiency and reduce the weaving cost [16]. In singeing owing to
reduced yarn hairiness, singeing can sometimes be left out, or it can be carried out at a higher
speed. In knitting increased yarn strength and reduced formation of fly allow to obtain higher
machine efficiency. Reduction in ends-down rate results in fewer interruptions and less fabric
faults. In some cases usual waxing in knitting might be omitted. It is possible to produce

woven or knitted fabrics with a great strength, high luster and clear structures [10,16,18,20].

Alternatively, in spinning due to improved fiber binding it is possible to reduce yarn twist,

particularly of knitting yarns, by up to 20%, while maintaining a yarn strength identical to
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that in the conventional ring spinning [6]. This will ultimately increase yarn production. In
doubling, the cost can be reduced by decreasing the initial twists in the single ends as well.
Knitted fabrics with a soft handle and reduced skew can be produced by reducing twist [10].
In dyeing and finishing reduced twist and enhanced yarn structure improves the absorption of

color pigments and chemical finishing agents. As a result, dyeing cost is reduced [6].

Apart from all these advantages mentioned above, the flexibility of the compact spinning
system concerning raw material and yarn count is still very high [16]. Although as mentioned
above the reduced hairiness offers tremendous advantages in spinning and subsequent
process steps there are also some concerns about the negative influence of the low hairiness.
Kadioglu [21] points out that the reduced hairiness might lead to a more frequent traveler
change since the hairs protruding from yarn body provide some type of lubricating and

cooling effect on the traveler and reduce traveler wearing.

Also we should comment that the above views are primarily from machinery makers or
“interested parties”. There are some questions about the economics of the process coupled
with the fact that despite earlier claims the system is only effective for longer (or combed)

fibers.
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3. EXPERIMENTAL

This section provides detailed information about the factors that were changed in order to
study, in depth, the effect of each of the spinning methods. Also, the materials used and the

method followed to carry out the experiment are described in this section.

3.1 Experimental Design

The output expected of this experiment is a 18° cotton knitting yarn. A full factorial design
was selected in order to perform this experiment. This design has 4 factors — one factor with
3 levels and the remaining 3 factors at 2 levels each. A full factorial design means that in
each complete trial or replication of the experiment all possible combinations of the levels of
the factors are investigated [22].
The 4 factors varied for this experiment are —

a. Cotton type

b. Twist level

c. Spinning method

d. Rovings fed
Table 3.1 shows the levels of each of these factors.
Two types of cotton were used for this experiment. All the properties of these 2 cottons were
kept constant (as much as possible) except for their mic (micronaire) value. The micronaire
value of cotton fibers is a function of both fineness and maturity and is related to mill

processing performance and to the quality of the end products. Factors correlated with mic
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value include cleaning efficiency, neppiness, and the strength and uniformity of the yarn
[23]. One of the cottons selected has a lower mic value of 3.5 and the other one has a higher

mic value of 5.1.

Table 3.1: Factors and their corresponding levels

FACTOR LEVEL 1 LEVEL 2 LEVEL 3
Cotton (mic value) 3.5 5.1 -
Twist (TM) 3.45 3.67 39
Spinning Method Ring Compact -
Rovings fed 1 2 -

The next factor that was varied was the twist level or the twist multiplier (TM). TM is a unit
which helps to decide the twist per unit length for different counts from the same raw
material. This is the angle of inclination of the helical disposition of the fiber in the yarn [24].
Higher TM means more turns per unit length of yarn i.e., higher twist. Greater twist provides
greater yarn strength (up to a certain point) and more compact is the yarn as compared to that
with lower twist. For the purpose of the experiment, 3 levels of twist multiplier were

selected, namely, 3.45, 3.67 and 3.9.

The third factor and the most important one from this thesis’s standpoint is the spinning
method. Two types of spinning methods were used, these being, conventional ring spinning
and compact spinning. A detailed description of both these methods can be found in sections

2.1and 2.3.
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The fourth and the final factor that was varied was the number of rovings fed per spinning
unit at the ring frame. Usually a single roving is fed and drafted through the drafting system.
Following the principle of siro-spinning, we introduced a variation by feeding 2 rovings
through a spinning system and applying double the draft applied when a single roving was
fed. The 2 rovings were fed through separate trumpets and were separated by a distance of
approximately 1 cm. This second system is said to reduce the variation and unevenness in the

yarn.

Although this thesis mainly deals with comparing the 2 spinning methods — ring and compact
spinning — the motive behind varying other factors, besides, the spinning methods, is to study

the interaction effect of these factors with the type of spinning method.

So far, based on the factors and their levels discussed, we have 2 X 3 X 2 X 2 = 24
independent runs. Moreover, the experiment is run for 2 doffs to verify the consistency of the
process and 10 bobbins are spun per doff to get an accurate estimate of between-bobbin
variation. Thus, in all there are 24 X 2 (for 2 doffs) = 48 independent runs for the experiment
and 10 replicates (i.e., 10 bobbins). This gives a total of 480 yarn bobbins which are to be

tested.

Table 3.2 shows the complete design as constructed using JMP.
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Table 3.2: Full Factorial design with 48 independent runs

Sr. no. Cotton Type Doff Twist level Rovings fed Spinning method
1 high mic 1 3.45 1 Ring
2 high mic 1 3.45 1 Compact
3 high mic 1 3.45 2 Ring
4 high mic 1 3.45 2 Compact
5 high mic 1 3.67 1 Ring
6 high mic 1 3.67 1 Compact
7 high mic 1 3.67 2 Ring
8 high mic 1 3.67 2 Compact
9 high mic 1 3.9 1 Ring
10 high mic 1 3.9 1 Compact
11 high mic 1 3.9 2 Ring
12 high mic 1 3.9 2 Compact
13 high mic 2 3.45 1 Ring
14 high mic 2 3.45 1 Compact
15 high mic 2 3.45 2 Ring
16 high mic 2 3.45 2 Compact
17 high mic 2 3.67 1 Ring
18 high mic 2 3.67 1 Compact
19 high mic 2 3.67 2 Ring
20 high mic 2 3.67 2 Compact
21 high mic 2 3.9 1 Ring
22 high mic 2 3.9 1 Compact
23 high mic 2 3.9 2 Ring
24 high mic 2 3.9 2 Compact
25 low mic 1 3.45 1 Ring
26 low mic 1 3.45 1 Compact
27 low mic 1 3.45 2 Ring
28 low mic 1 3.45 2 Compact
29 low mic 1 3.67 1 Ring
30 low mic 1 3.67 1 Compact
31 low mic 1 3.67 2 Ring
32 low mic 1 3.67 2 Compact
33 low mic 1 3.9 1 Ring
34 low mic 1 3.9 1 Compact
35 low mic 1 3.9 2 Ring
36 low mic 1 3.9 2 Compact
37 low mic 2 3.45 1 Ring
38 low mic 2 3.45 1 Compact
39 low mic 2 3.45 2 Ring
40 low mic 2 3.45 2 Compact
41 low mic 2 3.67 1 Ring
42 low mic 2 3.67 1 Compact
43 low mic 2 3.67 2 Ring
44 low mic 2 3.67 2 Compact
45 low mic 2 3.9 1 Ring
46 low mic 2 3.9 1 Compact
47 low mic 2 3.9 2 Ring
48 low mic 2 3.9 2 Compact
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3.2 Material

The output that is required is 18° cotton knit yarn. Hence, the raw material used was cotton
and was obtained from Cotton Inc®. Two types of cotton were used whose specifications are

listed in Table 3.3.

Table 3.3: Types of cottons used and their specifications (Courtesy: Cotton Inc.)

High mic (hm) Low mic (Im)
Bale # 6139781 3199151
Mic (Micronaire value) 5.1 3.8
Ul (Uniformity Index %) 81 81.8
STR (Fiber Strength g/tex) 29.4 28.6
ELO (Fiber Elongation %) 3.7 3.8
CGRD (Color grade) 31-1 31-1

3.3 Method

Fibers were subjected to the usual spinning preparation, and then spun using ring spinning
and compact spinning to give 48 different types of yarns. The spun yarns were then tested for
hairiness, evenness, tensile properties, etc. The remaining yarns were knitted on an FAK
knitting machine and then dyed using reactive dyes. For knitting, the doff-factor was no
longer taken into account, since the yarn analysis showed its effect to be insignificant. Thus,
we had 24 different fabrics. These dyed fabrics were then tested for pilling and abrasion to

observe which one performs better. Finally, the end users were made to feel these fabrics and
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give their opinion on which one feels better to touch. Each of these steps are shown in the

schematic in Figure 3.1 and explained in detail.

Bale
onditionin

Opening &
Cleaning

Breaker
drawing

Finisher
Drawing

Fly Frame
Drawing

I Ring

Compact |
Spinning

Spinning

I Knitting

Fabric
Processing

Figure 3.1: Schematic representing the process steps followed for the experiment

Fabric
Testing
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3.3.1 Spinning Preparatory

The bale cotton was conditioned for 24 hours under standard laboratory conditions. The
process of opening and cleaning the bale cotton followed conditioning. Both the cottons were
subjected to mono-cylinder cleaner (beating point 1), mixing opener, fiber control hopper and
ERM cleaner (beating point 2). Figure 3.2 shows the opened cotton being released by the
fiber control hopper. Since, both the cottons were moderately trashy, 2 beating points were

sufficient.

Figure 3.2: Opened cotton being delivered to ERM Cleaner from Fiber Control Hopper

These opened cottons were then subjected to carding. Here, the opened fibers are fed into the
chute feed system, which passes them onto the licker-in. Due to the action between the
licker-in and the following cylinder, the fibers are individualized and passed onto the doffer
in the form of a web. This web of fibers is then condensed to form a sliver which is coiled
and stored in cans [25]. Carded cotton slivers are then subjected to two passages of drawing

— breaker and finisher. Here, 6 slivers are together drafted to give a single sliver of almost
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the same hank as the original sliver. By this process, the fibers are parallelized and due to
doubling, the variations in sliver thickness are minimized. The drawn slivers are then fed to
the roving frame. The slivers are attenuated, a draft of about 7 is applied to give thin rovings
which are twisted and wound onto bobbins [26]. Figure 3.3 shows the material being
processed at the roving frame. This stage is essential in spinning preparatory, since the sliver
cans are huge and occupy a lot of space. This kind of space is not available at the ring frame.
Roving bobbins are much more compact, and can be hung from the holders placed over the

drafting systems.

Figure 3.3: Sliver to roving at the roving frame

3.3.2 Spinning
The rovings are then fed through the drafting systems on the spinning frame (Suessen®

Fiomax, in this case). Since, the ring and compact spinning systems were on the same frame,
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the speeds were kept lower on account of lower traveler speeds required for compact
spinning. Compact spun yarns are less hairy, so the travelers are not adequately lubricated
and burn out faster. Hence, the machine was run at slightly lower speeds by Industry
Standards. Usually, the spindle speed was set to vary from 10,000 rpm to 11,000 rpm
throughout the doff. For lower T.M. of 3.45, the spindle speed is reduced by 1,000 rpm,
because with reduction in twist, end breaks increase. To control the occurrence of end breaks,
spindle speed, and hence the total production speed is reduced. A detailed description of both

the spinning systems can be found in sections 2.1 and 2.3.

3.3.3 Physical testing of yarns

Yarns were tested for various properties like hairiness, unevenness, breaking strength,
elongation, and b-work. Hairiness and evenness were measured on the UT3 (Uster® Tester
3). This instrument uses the optical principle for hairiness and the capacitance principle for
unevenness CV%. The standard referred to for conducting the evenness test is ASTM D1425
[27]. According to this standard, a total of 1000 yards of yarn per bobbin is run through the

sensors at the rate of 400 y/min for 2.5 min. A single test is performed per bobbin.

All the tensile properties of yarn (breaking strength, elongation, b-work) are measured on the
Uster® Tensorapid using the single-strand method. This instrument works on the CRE
principle. The working principle and the procedure can be found in ASTM D2256 [28]. This

standard requires the gage length to be 250 mm, the rate of operation to be 300 mm/min and

24



a pre-tensional force of 16.9 gf for the 18° cotton yarns being tested. 10 measurements are

taken per bobbin, and individual as well as average results are reported.

3.3.4 Knitting

Although this thesis is about 2 spinning methods, we cannot draw conclusions based on yarn
performance alone. It is necessary to convert these yarns in to fabrics and see how the end
product performs with each type of spinning method used. After the yarns were tested, the
remaining yarns were knitted on the FAK — Fiber Analysis Knitter. This is a circular single
jersey knitting machine with a single feed and is used specially for laboratory purposes. The
diameter of this circular fabric is approx. 3 inches, ideal for analyzing various aspects of the
material. The needle density is 28 needles/inch and the machine was at a speed of 60 yd/min.

Figure 3.4 shows the circular dial of the FAK and the fabric being knitted.

Figure 3.4: Fabric being knitted on the FAK
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3.3.5 Scouring and Dyeing

The knitted fabrics were then subjected to a gentle scouring cycle. These fabrics were then
dyed with reactive dyes — Remazol blue. The standard dyeing procedure for Remazol dyes
was carried out, followed by a post-scour to rinse out all the unfixed dye. Figure 3.5 shows
the dyed material being rinsed with water in the dye-bath. This dyed material was then
allowed to dry in the oven for 24 hours. The shade chosen was 2% blue, since empirically, it
is seen that this color is apt for fabrics which are required to be analyzed further. Pills and

defects can be seen clearly on this color.

Figure 3.5: Dyed fabrics being rinsed with water in the dye-bath

3.3.6 Fabric tests for Pilling and Abrasion
The finished fabrics were then tested for pilling resistance using the random tumble pill test.

‘Pills’ are bunches or balls of tangled fibers which are held to the surface of the fabric by one
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or more fibers [29]. The procedure followed is as described in the standard test method
ASTM D3512. This standard requires three 4” square specimens per fabric. These cut
specimens are fed into the rotating chamber along with 6 mm of gray dyed cotton sliver. The
impeller in the chamber causes the fabrics to tumble when the chamber rotates. The chamber
is rotated for 30 min for each group of fabric specimens, after which the specimens are
removed and graded. A grading scale of 1 to 5 was used for the pilling level, where 5 stands

for no pilling and 1 represents very severe pilling.

The fabrics were also tested for abrasion resistance using the Martindale Abrasion tester
method — ASTM D4966. ‘Abrasion’ is the wearing away of any part of a material by rubbing
against another surface [30]. The procedure followed is described in the ASTM standard. The
end point selected for the test was the occurrence of a hole on the surface of the knitted fabric

being abraded.

3.3.7 Hand Assessment

Finally, the fabrics samples were taken to the end users. Since, the aim is to differentiate
between the 2 spinning methods used, 8 fabrics out of 24 were selected by fixing the factor
cotton type and ignoring one of the twist levels. To be precise, fabrics with the ‘high mic’
type cotton were selected. This reduces the number of selected fabrics to 12. Further, fabrics
with yarn twist multiplier value of 3.67 were excluded and only the 2 extreme twist levels of
3.45 and 3.9 were included. This finally gave 8 fabrics. These 8 fabrics were split into 2

groups according to their twist level. Thus, all the fabrics with yarn twist multiplier of 3.45
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were in group ‘A’, and all the fabrics with yarn twist multiplier of 3.9 were in group ‘B’.
This grouping and labeling of individual fabrics is shown in Table 3.4. Twenty students from
different academic backgrounds were selected to grade the fabrics ranking them 1 to 4 in the
order of their preference, 1 being for the most preferred while 4 being for the least preferred
fabric. They were only made to feel the labeled fabrics and were not exposed to the technical

details associated with the fabrics. The results of this survey are discussed in the next section.

Table 3.4: Fabrics selected for Hand Assessment

Fabric label | Twist level | Cottontype | Rovings fed | Spinning method
GROUP Al 3.45 High mic 1 Ring
‘A A2 3.45 High mic 1 Compact
A3 3.45 High mic 2 Ring
A4 3.45 High mic 2 Compact
GROUP Bl 3.9 High mic 1 Ring
‘B’ B2 3.9 High mic 1 Compact
B3 3.9 High mic 2 Ring
B4 3.9 High mic 2 Compact
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4. RESULTS AND DISCUSSION

Yarn properties including hairiness, unevenness, breaking strength, elongation and b-work
were tested using Uster® equipment in the Physical Testing Lab at the College of Textiles,
North Carolina State University. The raw data for each yarn was organized using JMP 6.0
under individual properties and can be found in Tables 8.1 through 8.15 in the Appendix.
Based on the factors and their levels discussed in Section 3.1, we have 48 independent runs
for the experiment and 10 replicates (i.e., 10 bobbins). This gives a total of 480 yarn-bobbins
to be tested. The data for all the responses for individual spinning methods is seen to be
normally distributed. Hence the normality assumption is valid for all the tests performed,
unless stated otherwise. All the tests were performed using ASTM standards and are
explained in sections 3.3.3 and 3.3.6. Based on the results obtained, run number 30 was a
clear outlier. For run number 30, cotton type=low mic, doff=2, twist level=3.67, spinning
method=compact, rovings fed=1. Most responses for this run were far off from the range of

values for all the other runs. Hence, it was excluded from all the calculations and analysis.

Certain other responses like thin places, thick places and nep count were also obtained. This
data is summarized in Table 4.1 and the supporting output can be found in Figures 8.1, 8.2
and 8.3 in the Appendix. The purpose of looking at these results was to make sure that the
spinning systems do not have any effect on them, and these responses should be primarily
affected by cotton type only. This was the case for thin and thick places, but not for neps.

With neps, the spinning method also has a significant effect as seen from Table 4.1 and
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compact spinning introduces more number of neps than ring spinning. A possible explanation
for this lies in the condensing mechanism for compact spinning. As described in section 2.3,
after the front drafting roller, the fiber strand experiences transverse force due to suction
from the apron slit and rotation about its own axis. These simultaneous condensing and
rotating action on the strand seems to cause the fibers to roll around themselves and
introduce a ball-like structure in the yarn. This is what gets detected as a ‘nep’ at the tester

and hence the higher nep count for compact spun yarns.

Table 4.1: Spinning method-wise summary data for Thin places, Thick places and Neps

Average Standard Deviation P-value

Thin p|aces Ring 0.97 0.93 0.213
(-50%) Compact 0.75 1.02 '
Thick places Ring 64.32 35.70 0.4435
(+50%) Compact 61.48 34.52 '

Ring 38.66 8.96
Neps 0.0001
(+200%0) Compact 42.78 8.61

The plots of actual by predicted values and the parameter estimates obtained using ANOVA
were analyzed to arrive at significant conclusions about ring spun and compact spun yarns.
Further, the dyed fabrics were tested for pilling and abrasion resistance. The results are

represented graphically again, using JMP.

4.1 Terms and Definitions

Prior to discussing the analysis of this data, a few terms need to be explained.
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Uster Hairiness Index: The hairiness index (HI) corresponds to the total length in cm of
protruding fibers within the measurement field of 1cm length of the yarn [27]. According to

Uster® statistics, the typical HI values range from 5.5 to 8 for a 18° count yarn.

Yarn Tenacity: Tenacity denotes the strength of a yarn or a filament of given size.
Numerically it is the breaking force in grams per denier unit of yarn or filament size

(CentiNewton per tex, cN/tex) [28].

Coefficient of Variation unevenness, CV%: The standard deviation of the linear densities
over which unevenness is measured expressed as a percentage of the average linear density

for the total length within which unevenness is measured [27].

P-Value: P-value is the probability that the test statistic will take on a value that is at least as
extreme as the observed value of the statistic when the null hypothesis is true. More formally,
it is the smallest level of significance that would lead to rejection of the null hypothesis [22].
For this thesis, the level of significance considered is 5% i.e. 1 - o= 0.95 i.e. a = 0.05. This
means that a p-value of less than 0.05 for a factor indicates significant difference between the

levels of that factor.

Regression: Suppose that there is a single dependent variable or response y that depends on k
independent or regressor variables, for example, X1, Xz, ..., Xk. The relationship between these

variables is characterized by a mathematical model called a regression model.
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R-Square: R-square value, also known as the Coefficient of Determination, is the ratio of the
explained variation to total variation. R-square approaches unity as a regression approaches a

perfect fit.

Results are presented in the format of stating the claims made by machine makers about

compact spinning as discussed in section 1.2.

4.2 CLAIM 1: Compact yarns have less yarn hairiness than ring yarns

Yarn hairiness is measured by a parameter called the Hairiness Index (HI). A description of
this term can be found in section 4.1. A regression model is fitted for the HI data. Since the
R-Square (Rsq) value is 0.95, this model is accepted. The actual by predicted plot in Figure
4.1 shows the data points to be naturally divided into 2 groups. This can be attributed to the 2
spinning systems. It can be verified that all the values in the low HI group belong to compact
spun yarns and all the values in the high HI group belong to ring spun yarns, irrespective of

the cotton type, twist level and other factors.

The table following the graph in Figure 4.1 gives the effect estimates of each of the factors
and the two-factor interactions. This shows the p-values (prob>F) for cotton type, twist level
and spinning method to be significantly less than 0.05. Hence, these factors are considered to
have significant effect on the HI values. Out of these, the spinning method has the highest F-
ratio. This means that the type of spinning method used is considered to have the most

significant effect on HI. Further, Figure 4.2 shows the separate distributions of compact spun
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yarns (H1=5.86) and ring spun yarns (HI=7.73). Clearly, the HI for compact spun yarns is
lower than that for ring spun yarns, and so is the standard deviation.

These observations translate into proving claim 1.

F| ™ Response HI Avg

¥ Actual by Predicted Plot
5.0

.
8.9+ -

w
(=
]

k]
-
.
.

7.9 e

HI Awg Actual

[y
=)

3 I I I I I I
50 55 60 65 70 75 30 85 90
HI Awg Predicted P< 0001
RSg=0.95 RMSE=0.3045
Summary of Fit
Analysis of Variance

b
4
» Parameter Estimates
w

Effect Tests
sum of

Source Hparm DF Squares  F Ratio Prob>F
Cotton Type 1 1 2385543 257703  <.0001*
Doff 1 1 0.000186 0.0020 (.9645

Twist level 2 2 3256104 17.5110 <. 0001*
Spinning method 1 1  41.012598

Rovings fed i 1 0.006130 0.06865 0.7036

Cotton Type*Doff i 1 0.075699 08142 03752

Cotton Type*Twist lewvel 2 2 0127234 06343 03133

Cotton Type*Spinning method i 1 0.031505 0.3432 0.5631

Cotton Type*Rovings fed 1 1 0.315219 3.4335 0.0753
Doff*Twist level 2 2 0.013254 0.0713 09314
Doff*Spinning method i 1 0.000229 0.0025 0.9608
Doff*Rovings fed i 1 0.001349 0.0199  0.3890

Twist level*Spinning method 2 2 0.064526 0.3470 07100

Twist leve*Rovings fed 2 2 0.069650 03746 06911

Spinning method*Rovings fed i 1 0.006039 0.0650 0.8008

Figure 4.1: Regression model for response HI
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Figure 4.2: Spinning method-wise distribution charts for response HI

4.3 CLAIM 2: Compact yarns are more uniform (lower unevenness CV%)
than ring yarns

A description of the unevenness CV% can be found in section 4.1. A regression model is
fitted for the yarn CV% data. Since the R-Square (Rsq) value is 0.87, this model is accepted.
The actual by predicted plot in Figure 4.3 shows the data points to be naturally divided into 2
groups. Unlike HI, this is not due to the 2 spinning systems, but can be attributed to the 2
cotton types. By looking at Figure 4.4, it can be verified that all the values in the low CV%
group belong to yarns made with high mic cotton and all the values in the high CV% group

belong to yarns made with low mic cotton, irrespective of the other factors.
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The table following the graph in Figure 4.3 gives the effect estimates of each of the factors
and the two-factor interactions. This shows the p-values (prob>F) for cotton type and rovings
fed to be significantly less than 0.05. Hence, these factors are considered to have significant

effect on the CVV% values.

The p-value for spinning method does not show this factor to have a significant effect on
CV%. This contradicts the claim. However, this analysis shows the collective effect of
spinning method for all the yarn types. It is possible that the spinning method does have a
significant effect on CV%, but it is offset due to a large effect of the cotton type or the
rovings fed. This is verified by conducting a paired-t test on the CV% difference for spinning
methods. This test considers the effect of spinning method independent of the other factors —
it analyses the pair-wise difference in CV values for ring spun and compact spun yarns that
have all the other factors at same levels. Table 4.2 shows the data arranged pair-wise and the
corresponding differences between ring and compact yarns. The t-test for this data is
illustrated in Figure 4.5. It can be seen from the Goodness-of-fit test that the difference data
is very close to being non-normal, since the p-value is very close to 0.05. Hence, the
Wilcoxon Sign-Ranked (non-parametric) test is selected for the analysis. Also, this test is not
influenced by outlier responses. It can be seen from Figure 4.5 that the p-value for this test is
less than 0.05. Hence, when considered independent of all the other factors, spinning method

has a statistically significant effect on the CV%.
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Figure 4.3: Fitted regression model for response evenness CV
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Figure 4.4: Cotton type-wise distribution charts for evenness CV
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Table 4.2: Spinning method-wise classification of CVV% values

St No. Cotton | Twist | Rovings | CV% CV% Difference
Type level fed RING | COMPACT
1 Hm 3.45 1 13.069 14.011 0.941
2 Hm 3.45 2 13.677 13.359 -0.318
3 Lm 3.45 1 13.278 12.069 -1.209
4 Lm 3.45 2 11.791 11.557 -0.234
5 Hm 3.67 1 13.86 13.769 -0.091
6 Hm 3.67 2 14.038 13.473 -0.564
7 Lm 3.67 1 12.052 11.915 -0.137
8 Lm 3.67 2 11.963 11.623 -0.34
9 Hm 3.9 1 13.989 13.881 -0.108
10 Hm 3.9 2 13.846 13.331 -0.515
11 Lm 3.9 1 12.136 12.088 -0.048
12 Lm 3.9 2 11.815 11.635 -0.18
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Distribution Difference

Mean 0.2338252
Std Dev 0.4882629
Std Err Mean 0.1409494
upper 95% Mean 0.5440527
lower 95% Mean -0.076402

12

D/F\ = N

T f T T T
-1.0 -0.5 0.0 0.5 1.0

Type Parameter |Estimate Lower 95% Upper 95%
Location |M 0.2338252 |-0.076402 0.5440527
Dispersion |2 0.4882629 |0.3458831 0.8290109

Goodness-of-Fit Test

W P-value
Prob<W
0.862302 0.0522

Note: Ho = The data is from the Normal distribution. Small p-values reject Ho.

t Test Signed-Rank
Test Statistic [1.6589 28.0000
Prob > |t]| 0.1253
Prob >t 0.0627
Prob<t 0.9373 0.9866

Figure 4.5: JIMP output for distribution of pair-wise difference in CV% for the spinning

methods and the Wilcoxon Sign-Ranked test analysis
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4.4 CLAIMS 3, 4, 5: Compact yarns have higher tensile properties than ring

yarns

As seen in section 4.1, tenacity denotes the strength of a yarn. A regression model is fitted for
the tenacity values. Since the R-Square (Rsq) value is 0.85, this model is accepted. The
actual by predicted plot in Figure 4.6 shows random dispersion, and unlike HI and evenness,

does not show any grouping.

The table following the graph in Figure 4.6 gives the effect estimates of each of the factors
and the two-factor interactions. This shows the p-values (prob>F) for cotton type, twist level
and spinning method to be significantly less than 0.05. Hence, these factors are considered to

have significant effect on the yarn tenacity.

Further, the spinning method*rovings fed interaction has a significant effect on Tenacity.
Figure 4.7 is the interaction profiler for these 2 factors. It shows that, tenacity decreases for
compact spun yarns when the number of rovings is increased, while it increases for ring spun
yarns when the number of rovings is increased. A possible explanation for this situation
could be that with 2 rovings, the draft applied is almost twice the draft applied when 1 roving
is fed. In case of compact spinning, there is an additional drafting and condensing zone at the
apron. Since we are dealing with medium length cotton, this high-drafted fiber strand is more
likely to be sucked into the pneumafil rather than passing through the yarn guide, thereby
causing breaks and reducing the yarn tenacity. However, for long staple cotton, this scenario

will be different.
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Figure 4.8 shows the distribution of tenacity values separate for compact spun yarns and ring
spun yarns. Clearly, the tenacity for compact spun yarns is higher than that for ring spun
yarns. Thus, it can drawn that yarn yarn tenacity increases with compact spinning over ring
spinning, but this is greatly influenced by the fiber length and type of cotton. For short-length

cottons, the same level of improvement can be achieved by changing the twist level.

Although tensile properties include breaking force, breaking elongation and b-work values
also, for the purpose of explaining, only tenacity values have been considered here. This is
because the remaining tensile properties follow a similar trend as tenacity. These results are
summarized in Table 4.3. As seen from this table, the spinning method p-value for each of
the responses is much less than 0.05. Hence, the effect of spinning method used is significant
for each of these tensile properties. The JMP outputs for these properties can be referred to in

Figures 8.4, 8.5 and 8.7 in the Appendix.
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Figure 4.6: Fitted regression model for yarn tenacity
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Table 4.3: Summary of results for B-force, Elongation and B-work

Ring Compact Difference P-value
Avg 541.82 616.6 74.78
B-force <0.0001
SD 71.97 59.89
_ Avg 5.9 6.4 0.5
Elongation <0.0001
SD 0.68 0.72
Avg 416.76 497.7 80.94
B-work <0.0001
SD 90.2 91.63

4.5 CLAIM 6: 50% reduction in ends down for compact spinning

During spinning the ends down for compact and ring spinning were counted and the data has
been tabulated in Table 4.4. This data is for low mic cotton and a single roving has been fed
through each of the spinning systems. The run time for this data is just 20 spindle hours. Due
to this limited run time, no conclusive evidence supports or denies the claim of 50%

reduction in ends down with compact spinning.

Table 4.4: Ends down data for both the spinning methods

Ends down
Twist Doff Compact spinning Ring spinning
3.45 1 2 4
3.45 2 1 2
3.67 1 3 1
3.67 2 1 0
3.9 1 2 1
3.9 2 1 2
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4.6 CLAIM 7: Compact spinning generates less fly and fiber loss than ring
spinning

While the yarn was being spun on both the spinning systems, the fiber strand leaving the
drafting system was observed using a stroboscope. It was clearly evident that the number of

fibers escaping this partially twisted strand was more for ring spinning than those for

compact spinning.

One way to quantify this observation is to look at the yarn counts for compact spinning and
ring spinning. The machine was set to give the desired yarn count of 18° Ne. Since, the
number of fibers escaping the yarn as fly is higher for ring spun yarns, these should be finer
than compact spun yarns for the same draft and twist settings i.e., ring spun yarns should
have a higher cotton count value, given the same raw material and machine settings. This can
be verified by looking at the yarn count distributions for both the spinning systems as seen in
Figure 4.9.

Also, the regression model fitted for yarn count in Figure 4.10 shows that among all factors,
the type of spinning method has the most significant effect on the yarn count, the count value

being significantly lower for compact spun yarns by an average of 0.7 Ne.

Combining the above two results, it can be concluded that compact spinning reduces the

fiber loss and fly generation during spinning.
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Figure 4.9: Spinning method-wise distribution charts for yarn count
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Figure 4.10: Regression model fitted for yarn count
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4.7 CLAIM 8: Compact yarns have smoother appearance than ring yarns

Yarn boards were prepared by winding the ring and compact spun yarns on separate black
boards. These boards were then scanned and magnified 5X times digitally. These scanned
images are shown in Figure 4.11. It was evident that compact yarn was smoother and had

less number of fibers sticking out than ring yarns.

Figure 4.11: Magnified images of yarn boards
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4.8 CLAIM 9: Up to 20% twist reduction with compact spinning, while

maintaining yarn strength identical to that obtained with ring spinning

On the basis of the experiment carried out, TM of 3.45 is an equivalent of 11.5% reduction in
twist with TM 3.9. Hence, ring spinning data with a TM of 3.9 can be compared to compact
spinning data with a TM of 3.45. If the latter shows greater strength than the former, then

there is a possibility that claim 9 is true. This data can be seen in Table 4.5.

Table 4.5: Comparison of ring spinning data with a TM of 3.9 to compact spinning data
with a TM of 3.45

655.19

516.66

511.96

18.61

15.14

14.92

Cotton Doff Twist | Spinning | Rovings b-force tenacity b-work
0
Type level method fed avg (cN) | (cN/tex) avg | (cN-cm) avg
Lm 1 3.9 R 1 650.31 18.60 555.94

568.23

378.44

375.50

All the odd rows (white) show tensile property values for ring spun yarns with TM=3.9 and
all the even-rows (green) show these corresponding values for compact spun yarns with
TM=3.45. It can be observed that for each of the tensile properties b-force, tenacity, and b-
work, the value corresponding to compact spinning is at least slightly higher than that for

ring spinning in spite of the low twist.



Thus, with up to 11.5% reduction in twist, using compact spinning, strength identical to that
obtained with ring spinning can be maintained. However, there is not sufficient evidence to

support the same argument with 20% twist reduction.

4.9 CLAIM 10: Compact spinning improves pilling and abrasion resistance
in fabrics over ring spinning

Although this thesis is about comparing two spinning methods, we cannot draw conclusions
based on yarn performance alone. It is necessary to convert these yarns into fabrics to see
how the end product performs with each type of spun yarn. Hence, after being tested, these
yarns were knitted and dyed. The detailed procedure followed can be found in sections 3.3.4.
and 3.3.5. The fabrics were subjected to pilling and abrasion resistance tests following
ASTM standard test methods D3512 and D4966 respectively. A description of these tests can

be found in section 3.3.6.

4.9.1 Pilling Resistance results

Table 4.6 shows the pilling scale values for all the fabrics. The pilling level was quantified on
a scale of 1 to 5 where 5 stands for no pilling and 1 represents very severe pilling. The fabric
swatches shown in Figure 4.12 represent the two extreme levels of pilling seen in this
experiment. These being, pilling scale = 2.5 for fabric #4 and pilling scale = 5 for fabric #24
from Table 4.6. As expected, fabric #4 is made from low-twist ring spun yarns, while fabric
#24 is from high-twist compact spun yarns from the same cotton type. The regression fit for

this parameter indicates that the factor spinning method has the most significant influence on
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the pilling scale. This fit and the associated parameter estimates can be found in Figure 8.7
in the Appendix. Further, the data was plotted to give the distribution of these pilling scale
values for each type of spinning method. This is shown in Figure 4.13. From this figure it is
evident that for compact spinning, the pilling scale value is significantly higher than that for
ring spinning. Thus, we conclude that with compact spun yarns, knitted fabrics show lower

pilling tendency than with ring spun yarns.

Figure 4.12: Fabric swatches #4 (pilling scale=2.5) and #24 (pilling scale=5)
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Table 4.6: Pilling scale values for all the dyed knitted fabrics

= Spinning

Cotton Type | Twist level | method | Rovings fed | Pilling scale
1|hm 3.45 R 1 35
2| hm 367 R 1 35
3 |hm 39 R 1 3
41Im 345 R 1 2.5
S|im 367 R 1 3
6 |Im 39 R 1 35
7 |hm 3.45 C 1 3
&|hm 367 C 1 4
S| hm 39 C 1 3
10 [ Im 3.45 C 1 45
11 [Im 367 C 1 4
12 [Im 39 C 1 45
13 [hm 3.45 R 2 2
14 [ hm 3.67 R 2 2.5
15 [ hm 39 R 2 35
15 [Im 3.45 R 2 35
17 [ Im 367 R 2 35
18 [Im 39 R 2 3
19 [ hm 345 C 2 4
20 | hm 367 C 2 35
21| hm 39 C 2 4
22 |Im 3.45 C 2 4
23 |Im 367 C 2 45
24 |1m 3.9 C 2 )
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Figure 4.13: Spinning method-wise distribution of pilling scale values of fabrics

4.9.2 Abrasion Resistance results

The end point for knitted fabrics is a hole i.e. breakage of yarns. For fabrics from both ring
and compact yarns, this end point was not reached even after 30,000 abrasion cycles. Having
sustained for these many cycles indicates that both ring and compact yarn fabrics have good
abrasion resistance. The weight loss due to abrasion was also compared for the fabrics, but

there was no significant difference. Continuing abrasion beyond 30,000 is not practical, and
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based on this test this it is not possible to conclude which of the two yarn types performs

better against abrasion.

4.10 USTER Comparison Statistics

USTER® Statistics are quality benchmarks which permit a classification of fibers, slivers,
rovings and yarns with regard to world production. USTER® Statistics are the recognized
standard for quality benchmarking worldwide and represents the basis for the specification of
yarn trade. The Table 4.7 shows USTER Values (UV) for selected yarn properties. These
UVs are based on 100% cotton, carded, ring, knit yarns. As a example, UV = 8 indicates that
8% of the manufacturers/organizations all over the world manufacturing the yarn with same
specs give a better value for the yarn property being considered. Thus, lower the UV, better

is the yarn in comparison to yarns all over the world for that given parameter.

The properties being considered are Evenness, Hairiness Index, Neps, Tenacity and
Elongation. Except Neps, for all the other properties, the UVs for compact spun yarns are
less than the corresponding ring spun yarns (note that the ring and compact yarn data is
arranged alternately in Table 4.7 to highlight this trend). With Neps, a reverse trend is
observed, the UV being higher for compact yarns than ring yarns. The explanation for this is

seen at the beginning of this chapter.
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Table 4.7: Actual values and USTER® % values for properties ring and compact spun yarns with TM = 3.67

6% to 25%

26% to 50%
51% to 75%
76% to 95%
Above 95%
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ﬁlrc.) Twist | Cotton llzze%vings ﬁ/lpei[]hnc:gg Count g{}%}(/)enness E?jlg(ness Neps Tenacity Elongation
Value | UV | Value | UV | Value | UV | Value | UV | Value | UV

1 |367 |Hm |1 Ring 1752 [138 [50 |83 |86 |47 |30 |134 |51 |90

2 3.67 | Hm 1 Compact | 17.07 |13.7 [48 |6.2 36 445 |36 [169 |58 |59 48

3 3.67 | Hm 2 Ring 1798 |139 |51 |7.7 /7 524 |36 |152 |81 |54 76

4 3.67 | Hm 2 Compact | 16.99 |134 |40 |59 29 (518 |42 |159 |73 |55 72

5 3.67 | Lm 1 Ring 17.14 | 11.9 7.2 63 | 25.8 174 |53 |64 26

6 3.67 | Lm 1 Compact | 16.87 | 11.9 191 |30 |6.8

7 3.67 | Lm 2 Ring 17.65 | 12.0 180 |44 |6.6

8 3.67 | Lm 2 Compact | 16.76 | 11.5 185 |39 |6.8

5% or less




4.11 Hand Assessment

Finally, the fabric samples were taken to the end-users. Since, the aim is to distinguish
between the two spinning methods, the factor cotton type was fixed at ‘high mic’ and the
runs with twist multiplier value of 3.67 were excluded. Thus, a total of 8 fabrics were
selected for hand assessment and were split into 2 groups. The description of each fabric-type
involved in the assessment can be found in Table 3.4. Twenty students were selected to grade
the fabrics ranking them 1 to 4 in the order of their preference. Details of the hand
assessment conducted can be found in section 3.3.7. The preference details of the people who

participated in this study and their individual votes can be found in Table 8.16 in Appendix.

Table 4.8 summarizes the data obtained from the hand assessment of fabrics. It shows the
total number of times each fabric gets a particular rank from the people who participated in
this hand assessment. Based on this data, it is obvious that fabric Al is the most preferred,
since it has maximum votes for ranks 1 and 2 and zero votes for rank 4. However, the
possibility of a trend for the hand preference is not very obvious from Table 4.8. Hence, this
data is subjected to contingency analysis by spinning method as shown in Figure 4.14. It
shows the p-value of 0.098 for the Likelihood ratio test. This value is significant at 10%
level. The mosaic plot for this analysis shows that fabrics made from ring spun yarns have a
higher percentage (or fraction) of votes for ranks 1 and 2 together, than compact yarns, while
compact yarns have a higher percentage of votes for Ranks 3 and 4. Thus, as far as hand is
concerned, ring spun yarns are preferred over compact yarns. This can be attributed to

higher hairiness for ring spun yarns. These protruding hairs give a softer feel to the fabric. On
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the other hand, the fabrics made from compact spun yarns do not have this sheath of hairs

over them, which leaves them coarser to touch.

Table 4.8: Ranking of the fabrics according to their hand

NUMBER OF VOTES FOR EACH FABRIC TYPE
RANK
A2 A3 A4 Bl B2 B3 B4

1s 4 7 2 4 5 7 4
2s 7 3 2 6 4 4 6
3s 2 5 8 5 8 5 2
4s 7 5 8 5 3 4 8

Test ChiSquare Prob>ChiSq

Likelihood Ratio 6.283 0.0986

1.00-
0.75-
X
S 0.50
e

0.25+

0.00

Compact Ring
Spinning Method

Figure 4.14: Contingency Analysis of Rank by Spinning Method
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5. CONCLUSION

In this work, we are primarily comparing compact spinning with ring spinning. Further, we
are validating the authenticity of the advantages associated with the compact spinning system
by machine makers. Based on the experiment conducted and analysis of results, a few of the
‘claims’ made by the machine manufacturers are proved to be true, while a few others were
not substantiated with our experimental design. Table 5.1 summarizes all the results obtained

and conclusions drawn.

In this study, it was found that the type of spinning method used affects the Evenness CV

value, compact spun yarns showing lower CV than ring spun yarns. Thus, it can be

concluded that compact spinning improves yarn regularity.

The Hairiness Index for compact spun yarns is lower than that for ring spun yarns, and so is

the standard deviation. Thus, it can be drawn that yarn tensile properties are improved with

compact spinning over ring spinning, but this is greatly influenced by the fiber length and

type of cotton.

Compact spinning is seen to reduce the fiber loss and fly generation during spinning.

Compact yarn is smooth and had less number of fibers sticking out than ring yarns.
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Table 5.1: Summary of results

Spinning method-wise Average response value
Response/Claim Difference P-value
Ring spinning Compact Spinning (Ring - Compact)
1 Hairiness Index 7.73 5.86 +1.9 <0.0001
2 Unevenness CV% Wilcoxon Sign-Ranked t-test i.e. matched pair t-test 0.0269
for non-parametric difference data
3 Tenacity (cN/tex) 16.00 17.52 -1.52 <0.0001
4 Ends down rate No conclusive evidence to support/deny the claim
5 Fly generation, fiber loss determined by 17.52 16.84 +0.7 <0.0001
difference in yarn count values
6 Yarn appearance Compact yarn is smoother than ring spun yarn
7 20% twist reduction with compact spinning 11.5% twist reduction with compact spinning for yarn
for yarn strength equivalent to that obtained strength equivalent to that obtained with ring spinning
with ring spinning
8 Pilling resistance (higher the better) 3.08 4.0 -0.92 0.0054
9 Abrasion resistance No significant difference between the spinning
methods
10 Uster® statistics Compact yarns have lower Uster% values than ring
yarns for all properties, except nep count
11 Hand Ring spun yarns are preferred over compact yarns for
hand at 90% confidence interval
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No conclusive evidence supports or denies the claim of 50% reduction in ends down with

compact spinning, due to this limited run time.

It is evident that up to 11.5% reduction in twist can be obtained using compact spinning,

while maintaining the yarn strength identical to ring spinning.

Except Neps, for all the other properties — Evenness, Hairiness Index, Neps, Tenacity and
Elongation — the USTER % Value (UV) for compact spun yarns is less than the
corresponding ring spun yarns. This means that compact yarns score higher all over the
world than the corresponding ring yarns. With Neps, a reverse trend is observed, the UV

being higher for compact yarns than ring yarns.

With compact spun yarns, knitted fabrics show lower pilling tendency than with ring spun
yarns. However, fabrics made from both these yarn types perform very well against abrasion
and based on the test conducted, it is not possible to conclude a difference in abrasion

resistance.

As far as fabric hand is concerned, irrespective of the twist, ring spun yarns are preferred

compact spun yarns.
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6. RECOMMENDATIONS FOR FUTURE RESEARCH

6.1 The same experiment as performed here can be carried out by taking into account a new
factor, yarn count, in the design. Thus the performance of compact and ring yarns can be
compared over varying count ranges to observe how each of the spinning systems
perform at each of these. Also, the fiber length can be studied, since it has such a major
influence on most results obtained. That way we will be able to differentiate the yarn

behavior at different fiber length values for each spinning method.

6.2 For this experiment, the yarn remaining after testing was knitted, the knitted fabrics were
dyed and then tested. However, for weaving, the requirements from yarns are more
stringent than for knitting. In future, comparing the properties of woven fabrics as they

relate to yarns can be looked into.

6.3 If ring spinning is substituted with compact spinning, then the capital cost involved
increases. Based on the size of the organization, the breakeven point may take a number
of years to reach. The financial implications of replacing ring spinning with compact
spinning have not been studied. So, future research can focus on this comparison. It is
possible that for the quality of yarns received by a manufacturer, it is sufficient to simply
change the fiber type or twist. Even then, for the long term, whether it is more fruitful to

make the substitution or not — this question needs to be answered.
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Table 8.1: Actual data for Yarn Count

EE %%t: " | Doff E\I/v;ft rsnpeltr;:ygg figvmgs 1 2 3 4 5 Cour:st 7 8 9 10 ,(A:\S;m Count SD
1 |Hm |1 [39 [R 1 17.55 | 17.37 | 17.51 | 17.05 | 17.23 | 17.38 | 17.32 [ 17.31 | 17.13 | 17.63 | 17.35 | 0.182744509
2 |Hm |1 [39 |c 2 17.01 | 17.10 | 16.92 | 16.75 | 16.86 | 17.04 | 17.20 | 17.02 | 16.87 | 16.98 | 16.98 | 0.12980755
3 |Hm |1 [39 |R 2 17.96 | 18.04 | 17.92 | 18.18 | 17.96 | 17.94 | 17.95 | 18.04 | 17.47 | 17.57 | 17.90 | 0.216797396
4 |[Hm |1 [39 |c 1 16.74 | 16.99 | 17.26 | 17.11 | 17.18 | 16.78 | 17.00 | 16.28 | 16.73 | 16.37 | 16.84 | 0.3288093
5 |Hm |1 [345 |R 1 17.79 | 17.52 | 17.95 | 17.55 | 17.60 | 17.75 | 17.72 | 18.13 | 17.41 | 18.36 | 17.78 | 0.294799367
6 |Hm |1 [345 |cC 1 16.92 | 17.54 | 17.84 | 17.02 | 17.39 | 16.87 | 17.04 | 16.58 | 16.99 | 16.74 | 17.09 | 0.384738006
7 |Hm |1 [345 |cC 2 16.87 | 16.85 | 16.98 | 16.86 | 16.86 | 16.92 | 16.81 | 16.98 | 17.08 | 16.90 | 16.91 | 0.081028116
8 |Hm |1 [345 |R 2 17.76 | 18.00 | 18.02 | 18.33 | 17.66 | 17.88 | 18.08 | 17.92 | 17.93 | 17.48 | 17.92 | 0.240566461
9 |Lm 2 [39 [R 1 16.64 | 16.81 | 16.73 | 16.83 | 16.45 | 16.96 | 17.02 | 16.97 | 16.89 | 17.02 | 16.83 | 0.183533224
10 | Lm 2 |39 |cC 2 16.73 | 16.71 | 16.58 | 16.51 | 16.52 | 16.69 | 16.10 | 16.81 | 16.63 | 16.98 | 16.63 | 0.232053634
11 | Lm 2 |39 |c 1 16.44 | 16.36 | 16.40 | 16.53 | 16.97 | 16.51 | 16.76 | 16.67 | 16.78 | 16.28 | 16.57 | 0.218428732
12 | Lm 2 |39 [R 2 17.30 | 17.63 | 17.32 | 18.01 | 17.57 | 17.63 | 17.59 | 17.54 | 17.37 | 17.40 | 17.54 | 0.209454317
13 [Hm |2 [39 |R 2 17.89 | 17.92 | 17.82 | 17.87 | 17.92 | 17.91 | 17.77 | 18.13 | 17.44 | 17.44 | 17.81 | 0.216561513
14 [Hm |2 [39 |R 1 17.17 | 17.49 | 17.55 | 17.11 | 17.23 | 17.15 | 16.93 | 17.20 | 17.01 | 17.61 | 17.25 | 0.229939606
15 [Hm |2 [39 |cC 2 17.00 | 17.04 | 17.00 | 16.68 | 16.78 | 16.99 | 16.76 | 16.78 | 17.22 | 16.93 | 16.92 | 0.16484336
16 |Hm |2 [39 |cC 1 16.64 | 16.93 | 17.32 | 16.65 | 16.95 | 16.79 | 16.94 | 16.50 | 16.63 | 16.31 | 16.77 | 0.283830936
17 [Hm |2 [345 |R 1 17.08 | 17.54 | 17.26 | 17.04 | 16.90 | 17.24 | 17.26 | 17.52 | 17.35 | 17.36 | 17.26 | 0.204028865
18 |Hm |2 [345 |R 2 17.91 | 17.72 | 18.06 | 17.83 | 17.57 | 17.36 | 17.93 | 17.79 | 17.55 | 17.97 | 17.77 | 0.219162547
19 [Hm |2 [345 |cC 2 16.88 | 16.78 | 16.77 | 16.91 | 16.69 | 16.95 | 16.82 | 16.89 | 16.71 | 16.57 | 16.80 | 0.117288817
20 [Hm |2 [345 |cC 1 16.87 | 17.38 | 17.79 | 17.00 | 17.43 | 17.05 | 17.37 | 16.60 | 16.94 | 16.64 | 17.12 | 0.376598814
21 [Hm |2 [367 |R 1 17.74 | 17.32 | 17.74 | 17.43 | 17.29 | 17.63 | 17.38 | 17.52 | 17.30 | 17.99 | 17.53 | 0.234956261
22 |Hm |2 [367 |[R 2 18.10 | 18.06 | 17.86 | 18.07 | 18.21 | 18.18 | 17.88 | - | 17.65| 17.67 | 17.96 | 0.208872635
23 |Hm |2 [367 |C 1 16.81 | 17.33 | 17.72 | 16.91 | 17.30 | 16.89 | 17.36 | 16.57 | 16.69 | 16.50 | 17.01 | 0.399104553
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Table 8.1 continued.

24 | Hm 2 367 |C 2 16.95 | 16.88 | 16.97 | 16.73 | 16.84 | 17.12 | 16.92 | 16.92 | 17.25 | 16.91 | 16.95 | 0.14456448

25 | Lm 1 3.9 R 1 16.78 | 17.23 | 17.00 | 16.87 | 16.56 | 16.98 | 16.77 | 17.21 | 16.99 | 17.15 | 16.95 | 0.213603995
26 | Lm 1 3.9 R 2 17.56 | 17.36 | 17.41 | 18.26 | 17.76 | 17.36 | 17.44 | 17.55 | 17.50 | 17.44 | 17.56 | 0.271792404
27 | Lm 1 3.9 c 1 16.88 | 17.24 | 16.44 | 16.94 | 16.83 | 16.66 | 16.56 | 16.79 | 16.79 | 16.45 | 16.76 | 0.243210014
28 | Lm 1 3.9 c 2 16.55 | 16.67 | 16.30 | 16.73 | 16.67 | 16.98 | 16.34 | 17.01 | 16.85 | 16.84 | 16.69 | 0.242908305
29 | Lm 2 367 |C 2 16.79 | 16.80 | 16.66 | 16.50 | 16.61 | 16.88 | 16.35 | 16.79 | 16.70 | 16.62 | 16.67 | 0.159234279
30 | Lm 2 367 |C 1 17.13 | 17.33 | 16.60 | 17.01 | 16.58 | 16.78 | 16.69 | 16.87 | 17.04 | 16.73 | 16.88 | 0.245953925
31 | Lm 2 367 | R 1 16.98 | 17.53 | 17.24 | 16.95 | 16.72 | 17.19 | 17.02 | 17.45 | 17.29 | 17.51 | 17.19 | 0.268650951
32 | Lm 2 367 | R 2 17.51 | 17.66 | 17.56 | 18.06 | 17.65 | 17.64 | 17.39 | 17.46 - - 17.62 | 0.203746166
33 | Hm 1 367 | R 1 17.55 | 17.20 | 17.71 | 17.46 | 17.30 | 17.46 | 17.41 | 17.79 | 17.33 | 18.06 | 17.53 | 0.259745602
34 | Hm 1 367 |C 1 16.92 | 17.30 | 17.82 | 17.04 | 17.43 | 16.84 | 17.33 | 16.60 | 16.93 | 16.56 | 17.08 | 0.392854228
35 | Hm 1 367 | R 2 18.10 | 18.08 | 18.09 | 18.31 | 18.11 | 18.14 | 17.87 | 17.91 | 17.71 | 17.57 | 17.99 | 0.222383553
36 | Hm 1 367 |C 2 16.90 | 17.01 | 16.91 | 16.77 | 16.83 | 17.17 | 16.98 | 17.08 | 17.44 | 16.87 | 17.00 | 0.196083882
37 | Lm 2 345 | R 2 17.45 | 1757 | 17.46 | 17.46 | 17.42 | 17.59 | 17.38 | 17.53 | 17.58 | 17.42 | 17.49 | 0.07545418

38 | Lm 2 345 | C 2 16.67 | 16.80 | 16.58 | 16.42 | 16.42 | 16.62 | 16.13 | 16.56 | 16.63 | 16.69 | 16.55 | 0.188255146
39 | Lm 2 345 | R 1 1790 | 17.37 | 17.88 | 17.54 | 17.52 | 17.67 | 17.56 | 18.11 | 17.49 | 18.15 | 17.72 | 0.27302625

40 | Lm 2 345 | C 1 17.20 | 17.33 | 16.63 | 17.15 | 16.86 | 16.91 | 16.68 | 16.92 | 17.17 | 16.76 | 16.96 | 0.239464681
41 |Lm 1 345 | R 1 17.01 | 18.35 | 17.37 | 17.05 | 16.90 | 17.25 | 16.61 | 17.65 | 17.49 | 17.32 | 17.30 | 0.477446914
42 | Lm 1 345 | C 1 17.06 | 17.46 | 16.63 | 16.98 | 16.85 | 16.86 | 16.70 | 17.02 | 17.07 | 16.76 | 16.94 | 0.238115285
43 |Lm 1 345 | C 2 16.75 | 18.37 | 16.02 | 16.44 | 16.70 | 16.78 | 16.66 | 15.48 | 16.71 | 16.92 | 16.68 | 0.735104679
44 | Lm 1 345 | R 2 17.33 | 17.57 | 17.16 | 17.73 | 17.66 | 17.66 | 17.42 | 17.55 | 17.39 | 17.51 | 17.50 | 0.174661578
45 |Lm 1 367 | R 2 1733 | 17.76 | 17.49 | 18.07 | 17.81 | 17.74 | 17.51 | 17.69 | 17.53 | 17.59 | 17.65 | 0.207995726
46 | Lm 1 367 | R 1 17.03 | 17.73 | 17.13 | 16.90 | 16.72 | 16.98 | 16.90 | 17.44 | 17.30 | 17.29 | 17.14 | 0.301027869
47 |Lm 1 367 |C 2 16.83 | 16.90 | 16.83 | 16.70 | 16.67 | 16.96 | 16.19 | 16.76 | 16.70 | 17.02 | 16.76 | 0.230226941
48 | Lm 1 367 |C 1 17.08 | 17.30 | 16.50 | 16.98 | 16.68 | 16.96 | 16.70 | 16.91 | 16.99 | 16.58 | 16.87 | 0.24746717
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Table 8.2: Actual data for Unevenness CV%

Evenness CV%

Evenness

N P o s o s e VA Y
1 Hm 1 3.9 R 1 13.87 |14.18 |13.57 |13.90 |14.08 |14.06 |13.93 |14.11 |14.10 |14.27 |14.01 0.198217053
2 Hm 1 3.9 C 2 12.85 (12.71 |13.18 [13.89 |13.17 |13.85 |14.04 [13.13 |13.29 |13.43 |13.35 0.446820869
3 Hm 1 3.9 R 2 13.92 |14.51 [13.94 [13.91 |13.59 |13.66 |14.21 [13.44 |13.27 |13.57 |13.80 0.371985663
4 Hm 1 3.9 C 1 13.97 |14.61 [14.14 [14.06 |13.97 |13.75 |13.82 [13.53 |13.63 |13.53 [13.90 0.328750158
5 Hm 1 345 |R 1 13.93 |13.93 [13.84 [14.34 |14.01 |13.86 |14.02 [14.34 |13.95 |14.22 |14.04 0.188042548
6 Hm 1 345 |C 1 13.98 |14.75 [14.37 [14.39 |13.46 |14.21 |13.86 [13.67 |14.02 |13.79 |14.05 0.385227206
7 Hm 1 345 |C 2 13.17 |12.70 [13.02 [13.82 |12.98 |13.54 |13.36 [12.90 |14.26 |13.62 |13.34 0.478378047
8 Hm 1 345 |R 2 14.20 |13.55 [13.70 [13.34 |13.16 |14.22 |13.71 [13.47 |13.41 |13.55 |13.63 0.345782526
9 Lm 2 3.9 R 1 12.13 |12.80 |12.20 |11.62 |12.11 |12.07 |12.04 |11.98 |12.23 |12.48 |12.17 0.310562214
10 Lm 2 3.9 C 2 1091 (1192 |11.68 [11.93 |11.61 |11.23 |12.04 [11.50 |11.57 |11.85 |11.62 0.348335726
11 Lm 2 3.9 C 1 12.15 |11.93 [12.09 |[11.60 |12.29 |12.52 |12.05 [12.09 |12.52 |12.19 |12.14 0.2713362
12 Lm 2 3.9 R 2 11.59 (12.06 |[11.78 [11.96 |11.84 |11.83 |12.23 (11.84 |11.44 |1159 |11.82 0.235192592
13 Hm 2 3.9 R 2 13.80 |14.57 [13.98 [13.88 |13.84 |13.75 |14.27 |13.43 |13.25 |14.14 |13.89 0.384258304
14 Hm 2 3.9 R 1 14.05 |(14.00 {13.51 [13.71 |14.06 |13.69 |13.98 [14.06 |14.03 |14.63 |13.97 0.301912423
15 Hm 2 3.9 C 2 12.96 (12.73 [13.05 [13.92 |13.05 |13.56 |13.36 [12.72 |14.04 |13.69 |13.31 0.478023709
16 Hm 2 3.9 C 1 13.95 |14.64 [14.14 [14.43 |13.52 |13.87 |13.52 [13.36 |13.70 |13.48 |13.86 0.430902154
17 Hm 2 3.45 |R 1 12.48 |11.64 [11.03 [11.99 |12.29 |12.36 |12.13 [12.37 |12.24 |12.42 |12.10 0.448732784
18 Hm 2 3.45 |R 2 13.71 |14.19 [13.63 [13.91 |13.87 |13.88 |13.80 [13.52 |13.29 |13.44 |13.72 0.263067376
19 Hm 2 3.45 |C 2 13.16 |13.09 [13.36 [14.25 |13.51 |13.35 |12.67 |13.54 |13.10 |13.78 |13.38 0.431494818
20 Hm 2 3.45 |C 1 14.08 |14.56 [14.37 [14.25 |13.83 |14.05 |13.64 [13.57 |13.82 |13.55 |13.97 0.348386758
21 Hm 2 3.67 |R 1 13.95 |13.52 [13.60 [14.00 |13.54 |13.55 |13.97 [14.11 |14.02 |14.24 |13.85 0.269361385
22 Hm 2 3.67 |R 2 13.91 |15.59 [14.21 |[13.95 |13.71 |13.65 [13.89 |- 13.51 |14.44 |14.10 0.627795968
23 Hm 2 3.67 |C 1 14.46 |14.38 [14.04 [14.16 |13.40 |13.89 |13.75 [13.24 |13.45 |13.43 |13.82 0.434460074
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Table 8.2 continued.

24 Hm 2 3.67 |C 2 13.26 |12.80 [13.31 |13.87 |13.21 |13.70 |13.72 |13.15 |14.59 [13.69 |13.53 0.497862096
25 Lm 1 3.9 R 1 12.21 |11.77 |12.65 |11.48 |12.33 |12.02 |11.91 |12.05 |12.18 |12.46 |12.11 0.340169892
26 Lm 1 3.9 R 2 11.57 |11.80 |[11.82 |11.88 |11.74 |11.91 |12.14 |11.96 |11.58 |11.75 |11.82 0.171674757
27 Lm 1 3.9 c 1 12.28 |11.94 [12.04 |11.98 |12.10 [12.32 |11.76 |12.20 |11.58 |12.13 |12.03 0.230074867
28 Lm 1 3.9 c 2 11.15 |11.54 |[11.58 |11.99 |11.49 |11.37 |12.06 |11.65 |11.65 [11.98 |11.65 0.291250179
29 Lm 2 3.67 |C 2 10.97 |11.59 [11.80 [11.98 |11.52 |11.52 |12.66 |11.62 |11.55 [11.92 |11.71 0.434026369
30 Lm 2 3.67 |C 1 12.34 |11.90 [11.70 |12.71 |12.01 [12.10 |11.69 |12.04 |25.89 [11.96 |13.43 4.386819146
31 Lm 2 3.67 |R 1 13.27 |11.29 |12.63 |11.55 |12.22 |11.83 |12.27 |12.04 |12.14 |12.20 |12.14 0.54979188

32 Lm 2 3.67 |R 2 11.54 |12.07 |11.95 |11.83 |11.83 [12.00 |12.20 |11.95 |- - 11.92 0.196282413
33 Hm 1 3.67 |R 1 14.25 |13.89 [13.48 |13.75 |13.66 |13.48 |13.82 |14.33 |13.91 [14.14 |13.87 0.297412919
34 Hm 1 3.67 |C 1 13.81 |14.30 [14.08 |14.12 |13.13 |13.72 |13.44 |13.41 |13.79 |13.38 |13.72 0.376705013
35 Hm 1 3.67 |R 2 13.97 |14.72 |13.59 [13.92 |13.75 |13.93 |14.25 |14.16 |13.21 [14.31 |13.98 0.417118422
36 Hm 1 3.67 |C 2 13.16 |12.78 [13.12 |14.05 |13.18 |13.71 |13.35 |13.55 |14.48 [12.79 |13.42 0.542423574
37 Lm 2 345 |R 2 11.61 |11.88 |[11.71 |11.69 |11.45 |11.79 |12.03 |11.82 |11.60 [12.27 |11.79 0.235053185
38 Lm 2 345 |C 2 10.85 |11.34 |11.58 |12.01 |11.44 |11.35 |12.11 |11.48 |11.62 |11.64 |11.54 0.354269201
39 Lm 2 345 |R 1 14.09 |13.90 [13.47 |14.09 |12.76 |14.79 |14.15 |14.23 |14.18 [14.80 |14.05 0.59585979

40 Lm 2 345 |C 1 12.31 |12.09 [12.00 [12.23 |12.29 |12.51 |11.81 |12.43 |11.44 |12.01 |12.11 0.318077559
41 Lm 1 345 |R 1 12.37 |11.98 [12.33 |11.99 |13.09 |13.87 |12.39 |12.19 |12.40 [12.49 |12.51 0.569463685
42 Lm 1 345 |C 1 12.37 |11.93 [11.98 |11.97 |12.27 |12.19 |11.83 |12.14 |11.54 |12.04 |12.03 0.237355804
43 Lm 1 345 |C 2 10.85 |11.14 |11.73 |11.98 |11.39 |11.46 |12.16 |11.53 |11.72 |11.77 |11.57 0.387815821
44 Lm 1 345 |R 2 11.50 |12.02 |11.68 |11.77 |11.93 |11.82 |12.03 |11.66 |11.83 [11.74 |11.80 0.165985274
45 Lm 1 3.67 |R 2 11.73 |12.08 |[11.80 [12.52 |11.96 |12.00 |12.30 |11.98 |11.71 [11.97 |12.01 0.250876242
46 Lm 1 3.67 |R 1 12.16 |11.70 [12.22 |11.53 |11.97 |11.86 |11.84 |11.90 |12.15 [12.27 |11.96 0.240462517
47 Lm 1 3.67 |C 2 10.98 |11.50 |11.52 |11.77 |11.45 |11.33 |12.01 |11.50 |11.49 [11.78 |11.53 0.27944588

48 Lm 1 3.67 |C 1 12.19 |12.27 |11.93 |12.02 |11.81 |12.11 |11.55 |11.90 |11.41 [11.96 |11.92 0.269247924
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Table 8.3: Actual data for Hairiness Index

Sr. | Cotton | .. | Twist | Spinning | Rovings Hairiness Index HIU | sp

No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 Avg

1 Hm 1 3.9 R 1 738 | 752 (930 |7.78 | 744 |869 |734 |761 |730 |7.76 | 7.81 | 0.660366901
2 Hm 1 3.9 C 2 576 | 554 | 552 |552 | 567 |568 |568 |537 |653 |579 | 571 | 0.316445537
3 Hm 1 3.9 R 2 781 | 745 (734 |7.68 | 743 | 705 |734 | 752 |7.21 |7.22 | 7.41 | 0.226629899
4 Hm 1 3.9 C 1 573 | 595 | 580 |6.19 |575 |6.09 [555 |560 |568 |567 | 580 |0.210789521
5 Hm 1 3.45 R 1 8.38 | 8.63 | 1049|843 | 830 |9.66 |829 |8.39 |7.89 |8.43 |8.69 |0.778737582
6 Hm 1 3.45 C 1 6.18 | 6.79 | 6.46 | 694 |6.46 |6.77 |6.20 | 6.14 | 6.09 | 6.23 | 6.43 | 0.309487031
7 Hm 1 3.45 C 2 6.36 | 6.13 (590 |6.24 |6.08 |700 |6.13 |6.85 |7.78 | 6.25 | 6.47 | 0.573775024
8 Hm 1 3.45 R 2 8.11 | 864 799 |841 |825 |785 |840 |832 |792 |7.94 |8.18 | 0.26085543
9 Lm 2 3.9 R 1 6.74 | 681 (6,58 |6.87 |6.96 |6.61 |6.45 |6.78 | 6.87 |6.98 | 6.77 | 0.172127214
10 Lm 2 3.9 C 2 531 | 534 | 496 |556 |532 |511 [6.24 |549 |522 |5.26 | 538 | 0.346969419
11 Lm 2 3.9 C 1 543 | 548 | 534 |513 | 641 |497 |531 |542 |568 |4.98 | 542 | 0.414976572
12 Lm 2 3.9 R 2 7.18 | 730 | 729 | 767 | 751 |733 [7.39 |6.82 |8.97 |7.36 | 7.48 | 0.567270267
13 Hm 2 3.9 R 2 776 | 768 | 738 |7.77 | 745 |7.08 |742 |754 |7.24 |7.25 | 7.46 | 0.232333572
14 Hm 2 3.9 R 1 762 | 736 | 927 | 781 | 740 |876 (740 |7.62 |7.36 |7.82 | 7.84 | 0.65297269
15 Hm 2 3.9 C 2 574 | 557 | 548 |570 | 570 |560 |555 |6.18 |6.22 |5.74 | 575 | 0.253587592
16 Hm 2 3.9 C 1 5.63 | 6.04 | 588 |6.29 |589 |6.11 |557 |566 |571 |571 |5.85 |0.236147317
17 Hm 2 3.45 R 1 760 | 723 | 753 | 757 | 779 |735 723 |7.47 |7.62 |7.58 | 7.50 | 0.17944668
18 Hm 2 3.45 R 2 8.60 | 787 | 825 |803 |815 |796 |[846 |7.95 |8.10 |8.35 | 8.17 | 0.239248824
19 Hm 2 3.45 C 2 6.82 | 594 | 622 |7.75 | 593 |693 |6.17 |6.23 |6.25 | 6.19 | 6.44 | 0.565155829
20 Hm 2 3.45 C 1 6.17 | 6.67 | 6.43 |6.89 |6.32 | 6.67 |6.02 |6.06 |599 |6.14 | 6.34 | 0.316375305
21 Hm 2 3.67 R 1 7.76 | 823 | 998 |810 | 800 (948 |7.99 |8.23 |7.81 |8.32 | 839 |0.738000301
22 Hm 2 3.67 R 2 8.06 | 812 | 763 |7.83 | 770 |7.42 |7.60 - 7.67 | 750 | 7.73 | 0.23749269
23 Hm 2 3.67 C 1 595 | 6.37 | 6.24 | 668 |6.16 |6.61 |586 |594 |6.03 |6.01 | 6.19 | 0.286560058
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Table 8.3 continued.

24 Hm 2 367 |C 2 6.03 | 5.87 | 559 |589 [580 |634 | 580 |6.64 | 725 |592 |6.11 | 0.499378503
25 Lm 1 3.9 R 1 6.78 | 6.40 | 6.72 | 6.87 | 681 | 651 | 650 |6.74 |6.88 | 7.30 | 6.75 | 0.254272382
26 Lm 1 3.9 R 2 714 | 738 | 7.26 |7.62 | 767 | 732 | 732 |6.82 |9.08 |7.46 | 7.51 | 0.602735431
27 Lm 1 3.9 c 1 5.74 | 6.27 | 538 | 513 | 536 | 490 | 545 | 546 |501 |4.95 |537 | 0.414440721
28 Lm 1 3.9 c 2 5.28 | 534 | 5.00 | 543 | 522 | 489 |6.68 |519 |515 |514 |5.33 | 0.498638145
29 Lm 2 367 |C 2 542 | 548 | 5.06 | 567 | 541 |521 |7.64 |524 |531 |540 |558 |0.741188235
30 Lm 2 3.67 |C 1 6.03 | 6.75 | 5.74 | 559 | 572 | 549 | 572 |574 | 544 |525 | 575 | 0.410908208
31 Lm 2 3.67 | R 1 726 | 691 | 735 | 729 | 743 |7.17 | 700 |7.24 |7.27 |7.48 |7.24 |0.17669811

32 Lm 2 3.67 | R 2 732|753 |749 | 792 | 768 |7.67 | 753 |7.15 - - 7.54 | 0.234212205
33 Hm 1 3.67 | R 1 7.79 | 810 | 997 |809 | 787 |935 |792 |814 |7.80 |8.32 |8.34 |0.73247298

34 Hm 1 367 |C 1 599 | 646 | 6.22 |6.66 | 6.17 | 647 | 589 |592 |6.12 |6.02 |6.19 | 0.260375797
35 Hm 1 367 | R 2 801|805 |7.73 | 797 | 766 |7.34 | 760 | 754 | 756 |7.46 | 7.69 | 0.243985428
36 Hm 1 367 |C 2 595|575 | 559 | 578 | 576 |585 | 576 |591 |6.93 |6.39 |597 | 0.399083673
37 Lm 2 345 | R 2 754 | 790 | 7.72 | 845 (828 | 797 | 774 | 741 |891 |8.02 |7.99 | 0.450387487
38 Lm 2 345 | C 2 578 | 581 | 524 |559 | 572 | 555 | 755 |559 |560 |571 |581 |0.63068217

39 Lm 2 345 | R 1 8.17 | 845 | 10.38 | 8.42 | 8.36 | 9.66 | 829 | 851 | 796 |8.61 |8.68 | 0.748159965
40 Lm 2 345 | C 1 594 | 690 | 582 |570 |577 |549 | 579 |577 |549 |536 |580 | 0.425259398
41 Lm 1 345 | R 1 767 | 740 |7.77 | 761 | 793 | 731 | 723 |7.46 |7.73 |7.76 | 7.59 | 0.227109861
42 Lm 1 345 | C 1 598 | 7.05 | 588 |571 | 568 |542 | 574 |592 |556 |557 |585 | 0.455910566
43 Lm 1 345 | C 2 570|586 |538 |592 |572 | 555 | 758 |554 |557 |564 |585 |0.629518334
44 Lm 1 345 | R 2 763|785 | 7.73 | 843 [ 818 | 798 | 785 | 754 |9.02 |8.08 |8.03 |0.437478888
45 Lm 1 367 | R 2 725|743 | 740 | 781 | 763 | 756 | 749 |6.98 |883 |7.62 |7.60 | 0.488512481
46 Lm 1 367 | R 1 725|685 | 736 | 724|739 |7.03 | 708 |722 | 721 |7.34 |7.20 | 0.167202472
47 Lm 1 367 |C 2 544 | 550 |5.03 |562 |542 |519 |6.82 |545 |527 |537 |551 |0.48931812

48 Lm 1 367 |C 1 580 | 6.74 | 568 |562 | 565 |522 | 569 |572 |538 |523 |567 |0.427890173
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Table 8.4: Actual data for Thin Places (-50%0)

Thin Places (-50%0)

Thin

Sr. | Cotton Doff Twist | Spinning | Rovings Places Thin Places

No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 Avg SD

1 Hm 1 3.9 R 1 3 3 1 4 3 1 2 1 3 1 2.2 1.135292424
2 Hm 1 3.9 C 2 0 0 0 1 0 1 1 0 0 0 0.3 0.483045892
3 Hm 1 3.9 R 2 1 2 2 0 2 0 0 1 0 0 0.8 0.918936583
4 Hm 1 3.9 C 1 2 7 4 3 5 2 2 3 0 0 2.8 2.1499354

5 Hm 1 345 | R 1 2 1 0 4 2 1 5 2 1 1 1.9 1.523883927
6 Hm 1 345 | C 1 2 1 4 3 0 4 2 2 3 1 2.2 1.316561177
7 Hm 1 345 | C 2 1 0 0 0 0 0 0 0 3 0 0.4 0.966091783
8 Hm 1 345 | R 2 0 1 3 0 0 3 2 1 1 0 1.1 1.197219

9 Lm 2 3.9 R 1 0 1 0 0 2 0 0 0 0 0 0.3 0.674948558
10 | Lm 2 3.9 C 2 0 0 0 0 0 0 0 0 0 1 0.1 0.316227766
11 | Lm 2 3.9 C 1 0 0 1 0 0 0 1 0 1 0 0.3 0.483045892
12 | Lm 2 3.9 R 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

13 | Hm 2 3.9 R 2 2 3 1 0 2 2 1 2 1 4 1.8 1.135292424
14 | Hm 2 3.9 R 1 1 3 0 1 4 1 1 2 3 3 1.9 1.286683938
15 | Hm 2 3.9 C 2 0 0 0 0 1 0 0 0 2 1 0.4 0.699205899
16 | Hm 2 3.9 C 1 5 6 3 5 0 3 1 1 2 0 2.6 2.170509413
17 | Hm 2 345 | R 1 0 0 0 0 0 1 0 0 0 1 0.2 0.421637021
18 | Hm 2 345 | R 2 0 1 1 0 0 1 0 0 0 0 0.3 0.483045892
19 | Hm 2 345 | C 2 0 1 0 0 1 0 0 0 0 0 0.2 0.421637021
20 | Hm 2 345 | C 1 4 6 2 4 8 2 3 0 1 2 3.2 2.394437999
21 | Hm 2 367 |R 1 2 0 1 4 3 0 3 3 0 2 1.8 1.475729575
22 | Hm 2 367 |R 2 1 3 8 2 1 0 4 - 0 8 3.0 3.122498999
23 | Hm 2 367 | C 1 3 4 0 3 1 1 0 0 2 3 1.7 1.494434118
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Table 8.4 continued.

24 | Hm 2 3.67 |C 2 0 0 0 0 0 0 1 1 0 3 0.5 0.971825316
25 | Lm 1 3.9 R 1 0 0 0 0 0 0 0 0 0 0 0.0 0.00

26 | Lm 1 3.9 R 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

27 | Lm 1 3.9 c 1 0 0 0 0 2 0 0 0 0 0 0.2 0.632455532
28 | Lm 1 3.9 c 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

29 | Lm 2 367 |C 2 0 0 0 0 0 0 0 0 0 1 0.1 0.316227766
30 |Lm 2 367 |C 1 0 0 0 0 2 0 0 0 2952 | 0 295.4 | 933.4343041
31 |Lm 2 367 |R 1 0 0 1 0 0 0 0 0 0 0 0.1 0.316227766
32 | Lm 2 367 |R 2 0 0 0 0 0 0 0 0 - - 100 0.00

33 | Hm 1 367 |R 1 4 3 0 0 0 1 1 2 0 3 1.4 1.505545305
34 | Hm 1 367 |C 1 1 3 2 4 0 1 0 3 1 0 1.5 1.433720878
35 | Hm 1 3.67 | R 2 3 1 0 2 0 2 1 2 0 5 1.6 1.577621275
36 | Hm 1 3.67 | C 2 0 0 1 1 0 0 0 1 3 0 0.6 0.966091783
37 | Lm 2 345 | R 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

38 | Lm 2 345 | C 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

39 | Lm 2 345 | R 1 1 3 0 1 0 7 1 3 0 5 2.1 2.378141198
40 | Lm 2 345 | C 1 0 0 0 0 0 1 1 0 0 0 0.2 0.421637021
41 | Lm 1 345 | R 1 0 0 0 0 0 2 1 0 0 0 0.3 0.674948558
42 | Lm 1 345 | C 1 0 0 0 0 0 0 0 0 0 0 0.0 0.00

43 | Lm 1 345 | C 2 0 0 0 0 0 0 1 0 0 0 0.1 0.316227766
44 | Lm 1 345 | R 2 0 0 0 0 7 0 0 0 0 0 0.7 2.213594362
45 | Lm 1 3.67 | R 2 0 0 0 18 |0 1 0 0 0 0 1.9 5.66568619
46 | Lm 1 3.67 | R 1 0 0 0 0 0 0 0 0 0 0 0.0 0.00

47 | Lm 1 3.67 | C 2 0 0 0 0 0 0 0 0 0 0 0.0 0.00

48 | Lm 1 3.67 | C 1 0 0 0 0 0 0 0 0 0 0.0 0.00
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Table 8.5: Actual data for Thick Places (50%0)

Sr. | Cotton | | . | Twist | Spinning | Rovings Thick Places -Fl’-lr:;((:i(s Thick Places
No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 Avg SD

1 Hm 1 3.9 R 1 122 | 89 81 97 95 101 | 95 111 | 111 132 | 103.4 | 15.55063414
2 Hm 1 3.9 C 2 65 57 83 122 | 70 66 137 | 73 81 80 83.4 25.83365591
3 Hm 1 3.9 R 2 118 | 128 | 102 | 120 | 109 | 116 | 89 106 | 71 84 104.3 18.00648031
4 Hm 1 3.9 C 1 94 178 | 114 | 97 103 | 96 89 74 96 92 103.3 | 28.12294437
5 Hm 1 3.45 R 1 107 | 85 75 122 | 77 81 110 | 123 | 104 103 | 98.7 17.9817809
6 Hm 1 3.45 C 1 106 | 155 | 132 | 145 | 87 124 | 97 89 92 74 110.1 | 27.29448459
7 Hm 1 3.45 C 2 90 39 76 99 83 88 93 66 135 65 83.4 25.23313518
8 Hm 1 3.45 R 2 99 91 87 80 67 120 | 89 87 101 85 90.6 14.03329374
9 Lm 2 3.9 R 1 21 40 27 21 32 28 21 27 28 44 28.9 7.866242926
10 Lm 2 3.9 C 2 21 30 37 34 27 26 29 17 25 32 27.8 5.977736472
11 Lm 2 3.9 C 1 30 31 33 27 35 35 21 21 34 32 29.9 5.279941077
12 Lm 2 3.9 R 2 31 41 26 31 39 37 38 43 28 29 34.3 5.98238154
13 Hm 2 3.9 R 2 89 150 | 103 | 107 | 112 | 117 | 110 | 82 86 95 105.1 19.71153075
14 Hm 2 3.9 R 1 75 92 79 76 99 77 84 110 | 113 113 | 91.8 15.83806947
15 Hm 2 3.9 C 2 71 55 83 95 70 96 95 54 146 80 84.5 26.56334149
16 Hm 2 3.9 C 1 102 | 149 | 111 | 124 | 95 102 | 72 72 93 80 100.0 | 23.91652149
17 Hm 2 3.45 R 1 38 26 2 29 23 33 29 21 20 35 25.6 10.20021786
18 Hm 2 3.45 R 2 104 | 103 | 109 | 113 | 79 103 | 118 | 96 78 99 100.2 | 13.12165301
19 Hm 2 3.45 C 2 72 78 69 140 | 99 88 44 77 73 88 82.8 24.84082661
20 Hm 2 3.45 C 1 116 | 144 | 126 | 121 | 95 96 95 87 100 78 105.8 | 20.25284616
21 Hm 2 3.67 R 1 111 | 77 59 81 60 70 93 103 | 104 105 | 86.3 19.47676679
22 Hm 2 3.67 R 2 115 | 128 | 88 117 | 85 109 | 103 - 85 125 | 106.1 | 16.84817827
23 Hm 2 3.67 C 1 112 | 108 | 97 121 | 94 95 84 57 79 77 92.4 18.90443804
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Table 8.5 continued.

24 Hm 2 3.67 | C 2 102 | 58 | 74 98 79 84 100 | 78 156 | 79 | 90.8 26.58236675
25 Lm 1 3.9 R 1 35 |25 |41 19 30 34 28 31 31 33 | 30.7 5.94511938

26 Lm 1 3.9 R 2 22 |23 |37 31 35 31 31 43 22 21 | 29.6 7.471427054
27 Lm 1 3.9 c 1 26 |24 |29 22 23 20 17 23 19 21 | 224 3.470510689
28 Lm 1 3.9 c 2 16 |23 |29 20 16 24 32 26 23 30 | 239 5.526702855
29 Lm 2 3.67 | C 2 17 |30 |41 25 18 34 64 19 32 32 | 312 13.92679272
30 Lm 2 3.67 | C 1 25 |23 15 30 27 31 18 23 1614 | 19 | 182.5 | 503.0039209
31 Lm 2 367 |R 1 27 |21 |33 22 20 25 32 24 | 37 35 | 27.6 6.186005712
32 Lm 2 367 |R 2 26 |38 |34 37 31 36 33 41 - - | 345 4.629100499
33 Hm 1 367 |R 1 111 | 90 | 58 79 71 68 71 143 | 92 80 | 86.3 24.87323416
34 Hm 1 367 | C 1 94 | 120 | 86 107 | 73 89 90 66 83 73 | 88.1 16.29212489
35 Hm 1 367 |R 2 127 | 147 | 76 110 | 117 | 141 | 97 125 | 75 102 | 111.7 | 24.67139594
36 Hm 1 367 | C 2 9% |65 |85 117 | 93 100 | 81 83 157 |56 | 933 28.26481912
37 Lm 2 345 | R 2 27 |28 | 26 35 24 36 28 35 19 21 | 27.9 5.89632654

38 Lm 2 345 | C 2 19 |21 |34 26 28 21 38 20 26 25 | 258 6.214677966
39 Lm 2 345 | R 1 109 |99 |61 100 | 31 118 | 111 | 129 | 116 | 131 | 100.5 | 31.38382457
40 Lm 2 345 | C 1 31 |32 |26 34 26 | 42 20 29 23 27 | 29.0 6.200358413
41 Lm 1 345 | R 1 29 |31 |31 31 29 71 32 25 37 42 | 35.8 13.21447018
42 Lm 1 345 | C 1 26 |23 |31 32 23 15 20 26 27 34 | 25.7 5.774464862
43 Lm 1 345 | C 2 23 |19 |37 24 18 33 42 28 35 28 | 28.7 7.944949479
44 Lm 1 345 | R 2 19 |28 |31 30 35 33 26 25 25 22 | 274 4.971027169
45 Lm 1 367 |R 2 38 [31 |29 36 35 29 38 32 15 30 |31.3 6.700746227
46 Lm 1 367 |R 1 24 |22 |26 15 20 27 30 21 34 34 | 253 6.165315167
47 Lm 1 367 | C 2 16 |29 |33 29 21 32 31 15 29 33 | 26.8 6.876691711
48 Lm 1 367 |C 1 30 |26 |21 31 27 20 24 25 22 24 | 25.0 3.62092683
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Table 8.6: Actual data for Neps (+200%b)

i inni i Neps

No. | Type | P |lovel | method” | [T T2 T3 T s Te 7 e Te T | Aw | NS SP

1 Hm 1 3.9 R 1 55 |51 |36 |45 |66 |43 |57 |50 |52 |55 |51.0 | 8299933065
2 Hm 1 3.9 C 2 48 |52 |64 |51 |55 |40 |75 |49 |43 |44 |521 | 10.52457442
3 Hm 1 3.9 R 2 36 |60 |55 |52 |60 |61 |44 |50 |56 |50 |524 | 7.890923055
4 Hm 1 3.9 C 1 41 |57 |53 |39 |66 |5 |58 |35 |40 |36 |48.1 | 11.05993771
5 Hm 1 345 |R 1 37 |54 |24 |61 |33 |44 |53 |57 |50 |53 |46.6 | 11.8246447
6 Hm 1 345 | C 1 50 |65 |77 |57 |57 |61 |40 |60 |54 |56 |57.7 |9.615381197
7 Hm 1 345 | C 2 39 |41 |53 |48 |44 |50 |61 |49 |65 |38 |48.8 | 8991353872
8 Hm 1 345 | R 2 41 |27 |45 |37 |32 |32 |40 |34 |38 |30 |356 |5561774297
9 Lm 2 3.9 R 1 27 |28 |32 |29 |33 |42 |28 |37 |26 |45 |32.7 | 6.600505031
10 | Lm 2 3.9 C 2 46 |47 |27 |49 |36 |30 |21 |28 |36 |39 |359 |9.456919865
11 Lm 2 3.9 C 1 36 [38 |30 |36 |36 |29 |37 |26 |29 |40 |33.7 |4.738729319
12 Lm 2 3.9 R 2 34 |39 |34 |30 |37 |36 |38 |43 |28 |29 |34.8 |4.779586221
13 | Hm 2 3.9 R 2 55 |58 |44 |47 |54 |43 |58 |47 |50 |60 |51.6 |6.2039414

14 | Hm 2 3.9 R 1 43 |48 |44 |45 |48 |36 |34 |44 |60 |47 |449 | 7.109461614
15 | Hm 2 3.9 C 2 50 |39 |48 |42 |51 |56 |54 |36 |49 |46 |47.1 | 6.41958808
16 | Hm 2 3.9 C 1 50 |55 |60 |52 |41 |45 |51 |47 |52 |48 |50.1 | 5300943312
17 | Hm 2 345 | R 1 13 |38 (12 |31 |23 |31 |23 |19 |35 |24 |249 | 8.812238964
18 | Hm 2 345 | R 2 40 |38 |36 |67 |29 |37 |47 |53 |37 |40 |424 |10.79300185
19 | Hm 2 345 | C 2 43 |56 |43 |52 |50 |46 |32 |50 |42 |47 |46.1 | 6.657493689
20 | Hm 2 345 | C 1 59 |50 |58 |37 |66 |50 |50 |34 |48 |47 |49.9 | 9.654590158
21 | Hm 2 3.67 R 1 52 |33 |28 |45 |33 |37 |49 |49 |31 |50 |40.7 |9.177871939
22 | Hm 2 3.67 R 2 36 |48 |51 |61 |40 |52 |59 - 35 |55 |48.6 |9.606132301
23 | Hm 2 367 |C 1 60 |63 |65 |43 |65 |39 |53 |43 |44 |54 |529 | 10.08243798
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Table 8.6 continued.

24 | Hm 2 3.67 Cc 2 65 |55 54 |57 |42 |33 |41 |51 79 |42 | 519 | 13.41185214
25 Lm 1 3.9 R 1 32 | 46 38 |27 |29 |41 (31 |31 32 |43 | 350 | 6.497862897
26 Lm 1 3.9 R 2 31 |38 |42 |36 |33 |37 |23 |40 32 21 | 33.3 | 6.896859189
27 Lm 1 3.9 Cc 1 31 |35 29 |42 |30 |25 |37 |30 29 |33 | 321 | 4.840798832
28 Lm 1 3.9 c 2 37 | 36 37 |25 |26 |34 |43 |37 33 |40 | 34.8 | 5.652924514
29 Lm 2 3.67 Cc 2 37 |32 |43 |37 |31 |39 109 | 32 37 |35 | 432 | 23.40370341
30 Lm 2 3.67 c 1 28 | 33 28 |36 |46 |23 |21 |28 809 | 30 108.2 | 246.3357239
31 Lm 2 3.67 R 1 21 | 36 23 |24 |22 |26 |26 |28 31 28 26.5 | 4.527692569
32 Lm 2 3.67 R 2 30 |42 34 |33 |37 |47 |34 |37 - - | 36.8 | 5.444525429
33 Hm 1 3.67 R 1 50 |61 29 |38 |39 |31 (45 |55 37 |32 | 417 | 10.76052456
34 | Hm 1 3.67 c 1 45 | 44 52 |33 |45 |44 |50 |43 52 | 37 | 445 | 6.096447053
35 | Hm 1 3.67 R 2 44 | 65 50 |55 |48 |69 |41 |62 |44 |46 |524 | 9.834180754
36 Hm 1 3.67 C 2 53 |59 |46 |58 |59 |40 |49 |56 61 |37 |51.8 | 8469553314
37 Lm 2 3.45 R 2 31 |33 28 |36 |27 |36 |28 |41 18 28 | 30.6 | 6.363087999
38 Lm 2 3.45 C 2 36 |29 36 |35 (29 |29 |72 |34 |42 |37 |379 |12.68813969
39 Lm 2 3.45 R 1 63 |49 35 | 37 14 |59 |47 |48 | 46 61 | 459 | 14.61696123
40 Lm 2 3.45 C 1 32 |33 34 |38 |42 |40 |27 |25 36 21 | 32.8 | 6.746192342
41 Lm 1 3.45 R 1 18 | 36 23 |35 |27 |45 |25 |33 26 |30 29.8 | 7.728734265
42 Lm 1 3.45 C 1 25 |20 32 |36 |28 |28 |33 |35 34 |38 |30.9 | 5566766466
43 Lm 1 3.45 C 2 35 |28 51 |31 (31 |33 |5 |39 38 25 | 36.6 | 9.663217776
44 Lm 1 3.45 R 2 23 |33 33 |31 (29 |23 |29 |28 33 18 28.0 | 5.120763832
45 Lm 1 3.67 R 2 42 |33 |40 |32 |39 |32 |38 |4 31 |32 |36.0 |4.371625683
46 Lm 1 3.67 R 1 36 |30 20 18 16 |24 |24 |27 28 |35 25.8 | 6.746192342
47 Lm 1 3.67 C 2 31 |35 |45 |32 |32 |38 |41 |41 |45 28 | 36.8 | 6.069962475
48 Lm 1 3.67 C 1 23 | 36 17 18 |31 |35 |24 |36 29 |34 | 28.3 | 7.33409087
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Table 8.7: Actual data for Time to Break (s)

Time to break Time
Sr. Cotton Doff Twist | Spinning | Rovings to Time to
No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 break | break SD

Avi

1 Hm 1 3.9 R 1 30|28 |28 |28 |28 |26 |29 |28 |27 |28 2.8g 0.105409255
2 Hm 1 3.9 C 2 31|31 |29 |30 |32 |29 (30 |29 |28 |29 |30 0.122927259
3 Hm 1 3.9 R 2 28 |27 |29 |28 |27 |28 |26 |28 |28 |28 |28 0.08232726
4 Hm 1 3.9 C 1 32|29 |30 |30 |33 |31 (34 |31 |32 |33 |32 0.158113883
5 Hm 1 345 | R 1 26 |23 |23 |24 |23 |23 |25 |23 |25 |24 |24 0.110050493
6 Hm 1 345 | C 1 27 |28 |27 |28 |30 |26 |27 |28 |28 |29 |28 0.113529242
7 Hm 1 345 | C 2 29 |29 |29 |29 |29 |29 |27 |30 |25 |29 |29 0.143372088
8 Hm 1 345 | R 2 27 |27 |27 |27 |28 |26 |28 |27 |27 |28 |27 0.063245553
9 Lm 2 3.9 R 1 35|34 |35 |35 |35 |34 |35 |34 |36 |35 |35 0.063245553
10 Lm 2 3.9 C 2 35|35 |35 |38 |38 |38 |32 |37 |37 |37 |36 0.193218357
11 Lm 2 3.9 C 1 39 |40 |40 |40 |38 |37 |40 |40 |37 |39 |39 0.124721913
12 Lm 2 3.9 R 2 34|33 |34 |34 |33 |34 |33 |33 |33 |33 |33 0.051639778
13 Hm 2 3.9 R 2 28 |27 |28 |27 |27 |29 |27 |28 |28 |27 |28 0.06992059
14 Hm 2 3.9 R 1 29 |30 |26 |29 |26 |28 |29 |29 |29 |29 |28 0.134989712
15 Hm 2 3.9 C 2 31|31 |28 |29 |30 |26 |27 |32 |26 |29 |29 0.213177026
16 Hm 2 3.9 C 1 32|30 |31 |31 |32 |32 |33 |33 |33 |34 |32 0.1197219
17 Hm 2 345 | R 1 30|31 |28 |29 |29 |29 |32 |29 |31 |31 |30 0.128668394
18 Hm 2 345 | R 2 27 |29 |27 |28 |27 |28 |28 |30 |28 |27 |28 0.099442893
19 Hm 2 345 | C 2 30|29 |29 |27 |28 |26 |29 |28 |29 |30 |29 0.126929552
20 Hm 2 345 | C 1 27 |28 |29 |27 |28 |28 |29 |30 |29 |29 |28 0.096609178
21 Hm 2 367 | R 1 28 |26 |24 |25 |26 |26 |25 |24 |23 |25 |25 0.13984118
22 Hm 2 367 | R 2 27 |25 |26 |28 |27 |28 |28 - 28 |27 |27 0.105409255
23 Hm 2 367 |C 1 31|28 |27 |27 |28 |27 |31 |32 |30 |30 |29 0.191195072
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Table 8.7 continued.

24 Hm 2 367 | C 2 3130 |28 |28 |29 |28 |26 |31 |25 |28 |28 0.195505044
25 Lm 1 3.9 R 1 35|35 |34 |34 |34 |34 |35 |33 |34 |35 |34 0.067494856
26 Lm 1 3.9 R 2 33 |34 |34 |34 |34 |34 |35 |35 |33 |34 |34 0.066666667
27 Lm 1 3.9 c 1 37137 |40 |38 |39 |38 |41 |40 |39 |39 |39 0.131656118
28 Lm 1 3.9 c 2 34 136 |34 |37 |36 |36 |29 |34 |37 |32 |35 0.25055494

29 Lm 2 367 | C 2 36 |35 |35 |35 |36 |34 |28 |36 |36 |36 |35 0.245175674
30 Lm 2 367 | C 1 35|34 |35 |35 |33 |33 |34 |33 |34 |36 |34 0.103279556
31 Lm 2 3.67 | R 1 32131 |29 |30 (31 |29 |31 |30 |33 |30 |31 0.126491106
32 Lm 2 3.67 | R 2 34 133 |34 |33 |32 |33 |33 |34 |33 |33 |33 0.063245553
33 Hm 1 3.67 | R 1 28 |26 |25 |25 |24 |25 |26 |25 |27 |28 |26 0.137032032
34 Hm 1 367 | C 1 29 |28 |28 |28 |30 |28 |31 |31 |31 |33 |30 0.17669811

35 Hm 1 3.67 | R 2 27 |28 |28 |27 |26 |28 |27 |28 |27 |28 |27 0.06992059

36 Hm 1 367 |C 2 29 |29 |28 |30 |29 |25 |28 |30 |23 |29 |28 0.226077666
37 Lm 2 345 | R 2 32 (32 |34 |34 |32 |33 |33 |34 |33 |33 |33 0.081649658
38 Lm 2 345 | C 2 35|35 |36 |35 |36 |37 |29 |35 |38 |35 |35 0.23781412

39 Lm 2 345 | R 1 26 |24 |23 |23 |25 |23 |24 |24 |23 |24 |24 0.099442893
40 Lm 2 345 | C 1 34 34 |35 |35 |34 |35 |34 |35 |37 |36 |35 0.099442893
41 Lm 1 345 | R 1 31 (31 |30 |29 |32 |30 |32 |28 |31 |33 |31 0.149443412
42 Lm 1 345 | C 1 35|34 |35 |34 |34 |35 |35 |35 |34 |35 |35 0.051639778
43 Lm 1 345 | C 2 34 |36 |36 |35 |36 |35 |32 |36 |37 |36 |35 0.141813649
44 Lm 1 345 | R 2 32 32 |33 |34 |32 |33 |33 |33 |32 |33 |33 0.067494856
45 Lm 1 3.67 | R 2 33 (33 |33 |33 |33 |34 |33 |33 |32 |33 |33 0.047140452
46 Lm 1 3.67 | R 1 34 (33 |31 |31 |33 |30 |32 |32 |33 |33 |32 0.122927259
47 Lm 1 367 |C 2 34 |35 |34 |34 |35 |36 |31 |35 |36 |35 |35 0.143372088
48 Lm 1 367 |C 1 32 |31 |35 |34 |33 |34 |34 |26 |36 |36 |33 0.296085573
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Table 8.8: Actual data for B-force (gf)

N | G oo | T T e e T e e TR |
1 Hm 1 3.9 R 1 559.2 | 516.8 | 547.5 | 528.4 | 554.1 | 471.9 | 551.1 | 515.4 | 519.5 | 504.6 | 526.85 | 27.09379798
2 Hm 1 3.9 C 2 629.4 | 619.5 | 611.9 | 625.8 | 674.7 | 624.3 | 635.9 | 585.3 | 523.5 | 597.6 | 612.79 | 39.36934651
3 Hm 1 3.9 R 2 535.9 | 522.3 | 570.0 | 539.0 | 530.6 | 535.7 | 520.1 | 560.7 | 568.3 | 546.1 | 542.87 | 18.00673022
4 Hm 1 3.9 C 1 628.5 | 578.3 | 581.6 | 612.3 | 638.4 | 603.4 | 670.1 | 628.1 | 640.5 | 647.3 | 622.85 | 29.0957137
5 Hm 1 345 | R 1 452.8 | 403.9 | 409.3 | 437.9 | 432.4 | 397.0 | 461.2 | 416.5 | 462.4 | 392.4 | 426.58 | 26.43431272
6 Hm 1 345 | C 1 559.0 | 555.8 | 514.5 | 537.8 | 562.2 | 505.5 | 544.0 | 553.3 | 556.9 | 561.1 | 545.01 | 20.05971363
7 Hm 1 345 | C 2 518.3 | 559.1 | 585.7 | 561.2 | 574.4 | 513.2 | 523.5 | 547.3 | 371.9 | 588.3 | 534.29 | 63.12705794
8 Hm 1 345 | R 2 483.0 | 446.9 | 465.2 | 452.4 | 506.6 | 452.4 | 481.5 | 445.9 | 462.5 | 529.7 | 472.61 | 27.78890466
9 Lm 2 3.9 R 1 690.1 | 645.4 | 652.6 | 694.6 | 676.0 | 658.4 | 680.5 | 645.1 | 685.6 | 652.8 | 668.11 | 19.21049771
10 Lm 2 3.9 C 2 676.4 | 694.0 | 711.7 | 748.2 | 730.7 | 713.6 | 511.9 | 715.6 | 708.2 | 714.7 | 692.50 | 66.27077452
11 Lm 2 3.9 C 1 752.7 | 749.7 | 757.4 | 728.2 | 709.4 | 715.9 | 752.7 | 746.5 | 705.4 | 736.7 | 735.46 | 19.49365709
12 Lm 2 3.9 R 2 657.4 | 649.1 | 642.7 | 633.4 | 623.7 | 637.1 | 622.3 | 629.4 | 648.8 | 613.1 | 635.70 | 13.95357382
13 Hm 2 3.9 R 2 536.4 | 523.3 | 540.0 | 506.2 | 515.8 | 599.0 | 525.1 | 541.2 | 579.5 | 536.3 | 540.28 | 28.47520559
14 Hm 2 3.9 R 1 527.8 | 522.8 | 468.7 | 537.1 | 483.4 | 525.9 | 521.4 | 536.4 | 549.8 | 547.2 | 522.05 | 26.29728545
15 Hm 2 3.9 C 2 628.5 | 659.9 | 617.9 | 615.1 | 650.5 | 538.8 | 585.0 | 598.1 | 481.3 | 611.2 | 598.63 | 53.4055147
16 Hm 2 3.9 C 1 647.4 | 602.4 | 580.1 | 613.1 | 579.2 | 636.7 | 631.8 | 693.8 | 663.3 | 655.6 | 630.34 | 36.97212764
17 Hm 2 345 | R 1 579.1 | 607.5 | 526.7 | 567.4 | 586.7 | 563.1 | 619.2 | 548.2 | 578.7 | 552.0 | 572.86 | 27.71077608
18 Hm 2 345 | R 2 463.8 | 505.4 | 475.8 | 501.6 | 485.4 | 508.4 | 473.2 | 515.2 | 507.6 | 447.1 | 488.35 | 22.7541083
19 Hm 2 345 | C 2 527.6 | 581.9 | 558.7 | 421.4 | 542.1 | 437.8 | 549.9 | 513.0 | 525.4 | 590.3 | 524.81 | 55.81434403
20 Hm 2 345 | C 1 535.1 | 582.9 | 533.9 | 547.3 | 524.5 | 553.7 | 585.6 | 617.3 | 578.8 | 577.9 | 563.70 | 29.36827464
21 Hm 2 367 |R 1 472.6 | 471.9 | 437.4 | 485.9 | 506.4 | 506.0 | 482.0 | 464.0 | 447.4 | 425.0 | 469.86 | 27.20797269
22 Hm 2 367 |R 2 484.4 | 467.4 | 483.3 | 523.0 | 526.0 | 515.1 | 519.7 - 531.8 | 519.4 | 507.79 | 23.04264766
23 Hm 2 3.67 | C 1 632.8 | 597.9 | 564.5 | 545.9 | 573.7 | 568.0 | 624.6 | 645.1 | 588.2 | 601.5 | 594.22 | 32.36866798
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Table 8.8 continued.

24 Hm 2 3.67 | C 2 606.3 | 616.4 | 607.2 | 588.9 | 623.0 | 508.6 | 512.5 | 574.7 | 420.0 | 578.4 | 563.60 | 64.36006353
25 Lm 1 3.9 R 1 679.9 | 673.1 | 678.7 | 671.5 | 690.8 | 672.9 | 653.1 | 628.3 | 628.6 | 654.4 | 663.13 | 21.43844159
26 Lm 1 3.9 R 2 652.0 | 648.3 | 650.6 | 614.8 | 653.2 | 640.3 | 648.5 | 674.3 | 650.8 | 641.7 | 647.45 | 14.7115412
27 Lm 1 3.9 c 1 687.2 | 716.5 | 750.0 | 720.5 | 749.7 | 738.6 | 749.5 | 726.7 | 716.3 | 732.3 | 728.73 | 19.81688674
28 Lm 1 3.9 c 2 716.8 | 699.0 | 712.2 | 733.6 | 710.0 | 701.3 | 420.5 | 678.2 | 734.0 | 683.8 | 678.94 | 92.64113797
29 Lm 2 3.67 | C 2 722.3 | 687.0 | 693.5 | 701.4 | 688.8 | 641.5 | 411.1 | 741.7 | 700.8 | 713.2 | 670.13 | 94.70011205
30 Lm 2 3.67 | C 1 678.3 | 655.6 | 679.8 | 712.7 | 677.3 | 678.7 | 672.9 | 659.3 | 680.3 | 736.2 | 683.11 | 24.07688841
31 Lm 2 3.67 |R 1 608.2 | 604.0 | 579.2 | 584.6 | 642.7 | 605.6 | 606.5 | 572.8 | 625.5 | 580.1 | 600.92 | 22.18001102
32 Lm 2 3.67 |R 2 661.0 | 612.9 | 613.5 | 594.0 | 599.6 | 608.5 | 603.7 | 632.9 | 621.3 | 596.8 | 614.42 | 20.16249544
33 Hm 1 3.67 |R 1 481.7 | 471.6 | 475.1 | 439.9 | 431.9 | 449.4 | 469.0 | 422.7 | 488.7 | 489.5 | 461.95 | 24.19284789
34 Hm 1 367 | C 1 609.5 | 555.7 | 539.0 | 596.5 | 597.4 | 608.4 | 595.9 | 655.2 | 618.3 | 624.4 | 600.03 | 33.09481497
35 Hm 1 3.67 | R 2 476.2 | 513.3 | 522.5 | 489.9 | 485.7 | 526.8 | 511.5 | 523.1 | 520.1 | 544.3 | 511.34 | 21.13639305
36 Hm 1 3.67 | C 2 549.1 | 615.7 | 602.0 | 632.5 | 606.8 | 482.6 | 574.9 | 558.2 | 403.7 | 618.3 | 564.38 | 71.71280375
37 Lm 2 345 | R 2 606.9 | 572.4 | 622.3 | 568.2 | 554.3 | 572.1 | 589.3 | 605.7 | 573.0 | 572.2 | 583.64 | 21.49192096
38 Lm 2 345 | C 2 683.4 | 656.2 | 654.6 | 659.8 | 687.3 | 701.9 | 402.1 | 670.3 | 703.6 | 667.6 | 648.68 | 88.4357243
39 Lm 2 345 | R 1 463.4 | 420.6 | 401.3 | 379.3 | 451.6 | 392.2 | 423.4 | 417.9 | 434.9 | 373.1 | 415.77 | 29.66509546
40 Lm 2 345 | C 1 684.7 | 648.3 | 673.6 | 691.8 | 655.2 | 711.2 | 675.4 | 687.6 | 684.8 | 669.7 | 678.23 | 18.17318232
41 Lm 1 345 | R 1 575.0 | 580.5 | 569.7 | 578.8 | 600.7 | 555.0 | 588.0 | 508.2 | 576.6 | 591.2 | 572.37 | 25.73441492
42 Lm 1 345 | C 1 687.3 | 669.2 | 667.1 | 630.4 | 673.3 | 687.1 | 679.2 | 668.3 | 613.5 | 723.1 | 669.85 | 30.329606
43 Lm 1 345 | C 2 640.8 | 711.5 | 674.7 | 665.6 | 678.6 | 644.8 | 443.7 | 683.8 | 687.4 | 688.1 | 651.90 | 76.07141382
44 Lm 1 345 | R 2 594.6 | 576.6 | 600.4 | 584.9 | 574.2 | 578.8 | 586.8 | 588.8 | 595.0 | 586.5 | 586.66 | 8.480985268
45 Lm 1 3.67 | R 2 616.4 | 606.5 | 629.8 | 596.5 | 620.2 | 620.8 | 619.0 | 604.6 | 629.0 | 620.0 | 616.28 | 10.67164467
46 Lm 1 3.67 | R 1 677.0 | 633.4 | 611.9 | 612.9 | 644.6 | 573.8 | 589.4 | 587.9 | 603.6 | 587.9 | 612.24 | 31.53154329
47 Lm 1 3.67 | C 2 653.4 | 703.8 | 686.3 | 683.3 | 685.7 | 699.8 | 488.8 | 675.4 | 702.4 | 684.7 | 666.36 | 64.11020373
48 Lm 1 367 | C 1 654.5 | 616.0 | 740.9 | 672.9 | 670.0 | 702.1 | 697.8 | 698.1 | 701.2 | 709.9 | 686.34 | 34.44774464
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Table 8.9: Actual data for B-force CV%

Sr. | Cotton | o . | Twist | Spinning | Rovings B-force CV % Avg B-Force

No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 CV% SD

1 Hm 1 3.9 R 1 690|536 |[537 |7.10 |11.99|8.48 |4.43|8.68 |7.26 |7.38 | 7.30 | 2.140250505
2 Hm 1 3.9 C 2 9.03|175 | 523 |506 |696 |6.38 |467|6.09 |910 |454 | 588 | 218994901
3 Hm 1 3.9 R 2 7.67 522 | 405 583 |548 |430 |9.00|569 |6.22 |453 |580 | 1.538053965
4 Hm 1 3.9 C 1 759 | 1151|777 |8.46 |823 |807 |493|6.42 |518 |6.72 | 7.49 | 1.876792773
5 Hm 1 3.45 R 1 834|775 | 1022|1991 |1056|9.75 |7.06|10.68|8.04 | 7.65 | 9.00 | 1.359764686
6 Hm 1 345 | C 1 6.07 | 806 |6.38 821 |564 |957 |515|791 |514 |6.03 |6.82 | 1.513055775
7 Hm 1 3.45 C 2 885|764 [ 680 |[6.18 |7.36 |4.42 |4.09|533 |722 |299 |6.09 | 1.837829638
8 Hm 1 3.45 R 2 409|453 |6.16 | 766 | 713 |754 |513 (669 |549 |550 |599 | 1.246379646
9 Lm 2 3.9 R 1 354|506 |486 |480 [6.03 |560 |512|6.34 |526 |7.31 |539 |1.016134287
10 | Lm 2 3.9 C 2 5441435 | 518 |811 |251 |312 |7.26|4.72 |6.17 | 3.43 |5.03 | 1.797111571
11 | Lm 2 3.9 C 1 5.07 1848 |6.16 |508 |6.72 |755 |553|867 |7.19 |7.38 |6.78 | 1.305867528
12 | Lm 2 3.9 R 2 2971313 | 440 359 |413 | 435 |553|390 |4.63 |594 |4.26 | 0.950801416
13 | Hm 2 3.9 R 2 6.00 | 6.04 | 601 |346 |496 |20.05|590|6.45 |458 |4.75 | 6.82 | 4.737613089
14 | Hm 2 3.9 R 1 6.84 | 548 | 311 |6.57 |457 | 573 |508|4.14 |6.49 |591 |5.39 | 1.184546796
15 | Hm 2 3.9 C 2 5121602 | 614 |485 (320 |704 |868|7.39 |7.16 |545 |6.11 | 1.552447888
16 | Hm 2 3.9 C 1 395|629 |1287 723 |753 |834 |568|395 |6.26 |3.22 | 6.53 | 2790530814
17 | Hm 2 3.45 R 1 570|364 | 521 |548 |13.41|805 |429|6.15 |7.98 |6.96 | 6.69 | 2.763524521
18 | Hm 2 3.45 R 2 5771412 | 516 |386 |6.23 |365 |6.10|4.26 |6.36 | 7.06 | 526 | 1.21189521
19 | Hm 2 3.45 C 2 6.88 | 473 | 6.24 |763 |897 |447 |578|4.47 |7.63 |450 |6.13 | 1.612134541
20 | Hm 2 345 | C 1 6.21|6.12 | 434 (692 |524 |779 |575|268 |553 |520 |558 | 1.398696218
21 | Hm 2 3.67 R 1 6.01|1882 |804 (624 |796 |6.20 |554|6.54 |11.14| 10.10 | 7.66 | 1.893359448
22 | Hm 2 3.67 R 2 426|779 |507 |346 |556 |593 |7.84 - 351 |6.31 | 553 |1.635642925
23 | Hm 2 3.67 C 1 7.22 |1 6.63 | 14.78 | 20.13 | 823 | 6.60 | 893 |4.68 |4.55 |3.74 | 855 |5.126476915
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Table 8.9 continued.

24 | Hm 2 367 |C 2 527|551 | 344 |544 439 |7.26 |643 |7.70 |7.69 |6.68 | 598 1.422427112
25 | Lm 1 3.9 R 1 6.62 | 618 | 487 |6.85 | 769 |555 |524 |3.88 |6.22 |14.40]6.75 2.89693708

26 | Lm 1 3.9 R 2 546 | 3.84 | 310 | 361 | 720 |4.44 |287 |471 |482 |330 |4.34 1.306991881
27 | Lm 1 3.9 c 1 2941615 | 550 |572 | 366 436 |729 |355 [529 |495 |4.94 1.33075125

28 | Lm 1 3.9 c 2 4941415 | 584 |548 |582 |578 |984 |517 |3.64 |6.22 |569 1.666731999
29 | Lm 2 3.67 |C 2 586|398 |513 |6.72 | 457 |590 |1425|562 |503 |411 |6.12 2.981670114
30 | Lm 2 367 |C 1 508 | 665 |527 |431 | 580 |6.23 |345 |398 |7.69 |6.35 |548 1.317349612
31 | Lm 2 367 | R 1 862|735 |476 |359 | 1104|500 |576 |7.67 |11.05|7.03 |7.19 2.533210743
32 | Lm 2 367 | R 2 586|320 |449 |580 |661 |471 |427 |561 |410 |556 |5.02 1.031724016
33 | Hm 1 367 | R 1 725|680 |7.64 |847 |[896 |524 |695 |7.19 |7.40 |830 |7.42 1.040128197
34 | Hm 1 367 |C 1 9.08 | 460 |557 |453 |524 |16.78|6.17 |1705|7.84 |7.05 | 8.39 4.714385668
35 | Hm 1 367 | R 2 4431483 | 578 |414 | 491 |6.29 |474 |457 |527 |3.64 |4.86 0.771218372
36 | Hm 1 367 |C 2 588|608 |537 |529 [ 801 |515 |469 |584 |828 |458 |592 1.272443406
37 | Lm 2 345 | R 2 298 | 5.04 | 473 |327 |567 |3.87 |359 |445 |475 |481 |4.32 0.855325799
38 | Lm 2 345 | C 2 595|519 |295 |752 |263 |3.07 |11.09|4.79 |4.44 |402 |5.17 2.559671203
39 | Lm 2 345 | R 1 9.26 | 7.47 | 898 |1220|7.96 |11.24|8.04 |863 |574 |599 |855 2.040650495
40 | Lm 2 345 | C 1 6.02 519 |657 |458 |[807 |7.83 |792 |404 |416 |7.10 |6.15 1.582408853
41 | Lm 1 345 | R 1 692|772 | 971 |75 |7.74 |11.06|750 |993 |453 |541 |7.81 2.004133506
42 | Lm 1 345 | C 1 6.29 | 478 | 439 |520 | 607 |531 |642 |461 |7.46 |6.60 |571 1.003439086
43 | Lm 1 345 | C 2 461|412 | 439 |533 |349 [675 924 |319 |429 |323 |4.86 1.869516872
44 | Lm 1 345 | R 2 531|460 |6.10 |366 |[619 |3.79 |401 |413 |445 |3.25 |4.55 1.011593353
45 | Lm 1 367 | R 2 431|473 | 458 |209 |594 |266 |360 |506 |3.17 |4.08 |4.02 1.161740074
46 | Lm 1 367 | R 1 6.02 974 | 748 | 431 | 194 |821 |409 |486 |458 |574 |570 2.273416665
47 | Lm 1 367 |C 2 4421495 | 477 |515 | 547 |520 |6.23 |458 |6.34 |6.19 |533 0.706100402
48 | Lm 1 367 | C 1 546 1833 | 585 |569 |540 |7.66 |650 |6.03 |718 |3.16 |6.13 1.433908412
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Table 8.10: Actual Data for Elongation%

Sr. | Cotton Doff Twist | Spinning | Rovings Elongation % Elongation | Elongation

No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 (%) Avg SD

1 Hm 1 3.9 R 1 6.02 | 5.57 | 5.60 | 559 | 5.64 | 5.18 | 5.81 | 5.63 | 5.43 | 5.51 | 5.60 0.220443996
2 Hm 1 3.9 C 2 6.25| 6.08 | 5.75 | 5.97 | 6.29 | 5.85 | 5.97 | 5.77 | 5.49 | 5.69 | 5.91 0.251592704
3 Hm 1 3.9 R 2 5.48 | 529 | 5.76 | 5.55 | 5.36 | 5.52 | 5.26 | 5.53 | 5.66 | 5.49 | 5.49 0.155563492
4 Hm 1 3.9 C 1 6.28 | 5.83 | 5.96 | 6.03 | 6.51 | 6.19 | 6.72 | 6.21 | 6.34 | 6.53 | 6.26 0.276686746
5 Hm 1 345 | R 1 513 | 465|452 | 484 | 462 | 459 | 5.05 | 4.65 | 4.92 | 4.75 | 4.77 0.206009709
6 Hm 1 345 | C 1 5.45| 551|540 | 554 | 595 | 520 | 545 | 5,55 | 5.60 | 5.84 | 5.55 0.214292116
7 Hm 1 345 | C 2 570| 581|582 |579 | 578 | 572 | 5.28 | 6.02 | 4.91 | 5.83 | 5.67 0.32483158

8 Hm 1 345 | R 2 544 | 535| 542|538 | 555|523 | 557 | 532|529 | 554 | 541 0.116661905
9 Lm 2 3.9 R 1 7.02|6.72 | 6.96 | 6.98 | 7.00 | 6.80 | 6.93 | 6.71 | 7.21 | 7.02 | 6.94 0.15349629

10 Lm 2 3.9 C 2 6.97 | 7.06 | 7.05 | 7.64 | 7.63 | 7.57 | 6.42 | 7.36 | 7.42 | 7.35 | 7.25 0.379064638
11 Lm 2 3.9 C 1 7.78 792 |7.87 | 805|748 |7.41|7.98 798|745 |7.69 |7.76 0.240575698
12 Lm 2 3.9 R 2 6.75 | 6.62 | 6.77 | 6.87 | 6.60 | 6.74 | 6.65 | 6.61 | 6.62 | 6.49 | 6.67 0.109321138
13 Hm 2 3.9 R 2 5.67 | 541 | 5.59 | 5.46 | 538 | 5.69 | 5.44 | 553 | 5.63 | 5.42 | 5.52 0.115547008
14 Hm 2 3.9 R 1 574 1591|511 | 575 |5.18 | 550 | 5.72 | 5.68 | 5.70 | 5.82 | 5.61 0.267226496
15 Hm 2 3.9 C 2 6.21 | 6.24 | 5.67 | 5.88 | 6.01 | 5.23 | 5.46 | 6.29 | 5.11 | 5.86 | 5.80 0.420216875
16 Hm 2 3.9 C 1 6.44 | 591 | 6.12 | 6.25 | 6.39 | 6.39 | 6.55 | 6.65 | 6.51 | 6.74 | 6.40 0.248383664
17 Hm 2 345 | R 1 591 |6.26 | 5.54 | 5.78 | 5.85 | 5.83 | 6.47 | 5.88 | 6.15 | 6.16 | 5.98 0.272358016
18 Hm 2 345 | R 2 5.42 | 5.70 | 5.39 | 5.60 | 5.46 | 5.54 | 5.60 | 5.88 | 5.59 | 5.33 | 5.55 0.162306295
19 Hm 2 345 | C 2 6.03 | 5.75 | 5.70 | 5.34 | 5.64 | 5.15 | 5.69 | 5.49 | 5.78 | 5.88 | 5.65 0.258166613
20 Hm 2 345 | C 1 532|558 |5.69 | 531|550 |560 |575 (591|585 |577 | 563 0.206333064
21 Hm 2 367 |R 1 552|510 | 4.82 | 499 | 525 | 5.24 | 5.04 | 485 | 4.65 | 492 | 5.04 0.252005291
22 Hm 2 367 |R 2 535|496 | 514 | 554 | 548 | 549 | 5.48 - | 549 | 534 | 536 0.194871753
23 Hm 2 367 | C 1 6.14 | 559 | 5.47 | 5.34 | 559 | 545 | 6.11 | 6.29 | 5.98 | 5.98 | 5.79 0.341148387
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Table 8.10 continued.

24 Hm 2 367 | C 2 6.09 | 5.88 | 5.59 | 5.63 | 579 | 563 | 513 | 6.09 | 496 | 549 | 5.63 0.369888872
25 Lm 1 3.9 R 1 7.01 689|676 | 676 | 6.81 | 6.86 | 7.05 | 6.63 | 6.76 | 6.92 | 6.85 0.127475488
26 Lm 1 3.9 R 2 6.64 | 6.74 | 6.81 | 6.79 | 6.79 | 6.80 | 6.93 | 7.03 | 6.65 | 6.74 | 6.79 0.117737939
27 Lm 1 3.9 c 1 738 | 745|797 | 765 |7.70 | 759 (819 | 791 |7.76 | 7.76 | 7.74 0.242862558
28 Lm 1 3.9 c 2 6.70 | 714 | 6.71 | 7.40 | 7.21 | 7.17 | 5.69 | 6.77 | 7.47 | 6.46 | 6.87 0.531701671
29 Lm 2 3.67 | C 2 720702698 | 701|710 | 687 |556 |7.16 |7.17 | 7.12 | 6.92 0.488158672
30 Lm 2 367 | C 1 6.95|6.78 | 6.93 | 697 | 6.50 | 6.62 | 6.67 | 6.66 | 6.86 | 7.13 | 6.81 0.194253557
31 Lm 2 3.67 | R 1 6.31 | 6.22 | 583 | 588 |6.24 | 584 |6.12 | 599 | 6.49 | 6.02 | 6.09 0.22051455

32 Lm 2 367 | R 2 6.76 | 6.59 | 6.76 | 6.51 | 6.35 | 6.66 | 6.64 | 6.76 | 6.51 | 6.54 | 6.61 0.134890902
33 Hm 1 367 | R 1 552|513 |500 | 489 |4.72 | 495 |525 |500 |535|559 |514 0.282331562
34 Hm 1 367 | C 1 585 (561|551 |564 | 599 | 552 |6.09 |6.09 |6.19 | 6.56 | 5.91 0.34163821

35 Hm 1 3.67 | R 2 530 | 552|554 | 543 | 524 | 560 | 531 | 559 |543 | 553 |545 0.128448001
36 Hm 1 367 |C 2 582|578 | 557 | 594 | 570 | 498 | 548 | 589 | 4.67 | 576 | 5.56 0.416851959
37 Lm 2 345 | R 2 6.37 | 6.38 | 6.79 | 6.69 | 6.33 | 6.65 | 6.60 | 6.75 | 6.48 | 6.51 | 6.56 0.165210304
38 Lm 2 345 | C 2 703702712 | 698 | 7.25 | 7.44 | 583 | 7.05 | 7.52 | 6.96 | 7.02 0.460868745
39 Lm 2 345 | R 1 520 | 4.71 | 462 | 458 | 496 | 455 | 488 | 487 | 4.68 | 473 | 4.78 0.200765203
40 Lm 2 345 | C 1 6.87 | 6.73 | 7.03 | 703 | 6.72 | 7.02 | 6.87 | 7.01 | 7.35 | 7.09 | 6.97 0.185640034
41 Lm 1 345 | R 1 6.19 | 6.21 | 594 | 576 | 6.31 | 5.96 | 6.28 | 5.57 | 6.20 | 6.53 | 6.10 0.285394464
42 Lm 1 345 | C 1 6.94 | 6.78 | 6.95 | 6.68 | 6.83 | 6.90 | 6.94 | 6.94 | 6.76 | 7.00 | 6.87 0.103687565
43 Lm 1 345 | C 2 6.74 | 723 | 722 | 699 | 7.16 | 7.06 | 6.29 | 7.08 | 7.32 | 7.17 | 7.03 0.304273269
44 Lm 1 345 | R 2 6.34 | 6.41 | 6.67 | 6.75 | 6.30 | 6.64 | 6.67 | 6.58 | 6.43 | 6.55 | 6.53 0.154861946
45 Lm 1 3.67 | R 2 6.61 | 6.49 | 6.66 | 6.59 | 6.65 | 6.69 | 6.62 | 6.52 | 6.41 | 6.61 | 6.59 0.086442017
46 Lm 1 3.67 | R 1 6.85 | 6.66 | 6.23 | 6.18 | 6.56 | 5.90 | 6.45 | 6.29 | 6.50 | 6.52 | 6.41 0.270809486
47 Lm 1 367 |C 2 6.74 | 6.87 | 6.85 | 6.77 | 7.03 | 7.22 | 6.10 | 6.94 | 7.13 | 6.88 | 6.85 0.305142954
48 Lm 1 367 |C 1 6.43 | 6.15|6.99 | 6.80 | 6.49 | 6.79 | 6.66 | 7.23 | 7.14 | 7.08 | 6.78 0.347121497
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Table 8.11: Actual Data for Elongation CV%

Sr. | Cotton | o . | Twist | Spinning | Rovings Elongation CV % Elongation | Elongation
No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10 CV% Avg | CV% SD

1 Hm 1 3.9 R 1 485|451 |1592 | 541 | 990 | 760|457 | 546 |537 |572|5.93 1.647600612
2 Hm 1 3.9 C 2 6.73 301|549 |476 |619 |454|351 (382 |588 |4.29]|4.82 1.222591055
3 Hm 1 3.9 R 2 572 1315|251 | 452 | 478 |490|565 |473 |4.03 | 4.01]| 4.40 1.013585495
4 Hm 1 3.9 C 1 6.54 | 883|617 | 422 |563 |[6.19|554 |496 |342 | 6.57|5.81 1.47470562
5 Hm 1 3.45 R 1 7.98 | 566 | 1045 | 7.33 | 850 |9.28 |4.61 |10.28 |5.82 | 535 | 7.53 2.109092485
6 Hm 1 3.45 C 1 717 1882|488 |549 |465 |957 (515 (791 |514 | 6.03]|6.48 1.770144062
7 Hm 1 345 | C 2 6.09 | 476 | 5.69 | 3.97 |6.73 |439|469 | 486 |6.66 | 4.55|5.24 0.980379178
8 Hm 1 3.45 R 2 335(314|6.28 | 522 | 703 |527 (390 |509 |361 |4.74]|4.76 1.278836711
9 Lm 2 3.9 R 1 310534 (510 |211 |194 |568|688 |334 |437 |510] 4.30 1.621194347
10 | Lm 2 3.9 C 2 394|396 |453 | 735 | 247 |3.27 497 | 351 |521 |3.13|4.23 1.383909117
11 | Lm 2 3.9 C 1 420|6.24 509 |6.28 |506 |814 450 (530 |818 |6.17 | 5.92 1.379131772
12 | Lm 2 3.9 R 2 477 | 3.26 | 563 | 3.33 | 552 |398 556 |510 |547 |4.84|4.75 0.912995071
13 | Hm 2 3.9 R 2 456 | 5.00 | 520 | 494 |497 |6.08 433 (422 |449 |592|4.97 0.628922359
14 | Hm 2 3.9 R 1 3971681425 | 430 |4.46 |7.23 (396 |359 |470 |4.08|4.74 1.245340203
15 | Hm 2 3.9 C 2 563|428 466 |391 |371 |6.98|6.80 |510 |7.42 | 4.66 | 5.32 1.334718031
16 | Hm 2 3.9 C 1 323788832 |366 |7.15 |6.56|467 |578 |651 |238]|5.61 2.038333742
17 | Hm 2 3.45 R 1 6.13 | 357 | 481 | 566 | 1462 |6.64 |286 |524 |6.84 |509|6.15 3.230501165
18 | Hm 2 3.45 R 2 6.26 | 485|471 | 280 |485 |505|586 |1.68 |3.84 | 6.95| 4.69 1.580332244
19 | Hm 2 345 | C 2 428 253|594 | 688 |839 |59 657 [291 |439 |4.96|5.28 1.821312103
20 | Hm 2 345 | C 1 446 | 535|4.06 | 6.27 | 690 |5996.99 (283 |507 |597]5.39 1.316657806
21 | Hm 2 3.67 R 1 377|486 | 3.97 | 373 |564 |510|469 |4.15 |10.31|8.21|5.44 2.159789342
22 | Hm 2 3.67 R 2 454 | 852|520 |39 |6.97 |4.87|5.95 - 4.07 | 6.55 | 5.63 1.51118423
23 | Hm 2 3.67 C 1 475 |6.77 |1 593 |11.85|8.10 |584|6.73 |3.75 |516 | 3.12| 6.20 2.472376275
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Table 8.11: Actual Data for Elongation CV%

24 | Hm 2 367 | C 2 3.58 | 602|546 |671 |587 |4.09|6.79 |920 |6.66 |6.20 | 6.06 1.550037992
25 | Lm 1 3.9 R 1 548 | 6.01 | 3.74 | 734 |807 |514 228 |243 |7.27 |6.25|5.40 2.02399193

26 | Lm 1 3.9 R 2 536 | 345|314 | 308 |513 |3.00 (324 |3.69 |657 |432]4.10 1.215637007
27 | Lm 1 3.9 c 1 4.03 596|423 | 569 |3.60 |420|550 |459 |375 |574]|4.73 0.902175765
28 | Lm 1 3.9 c 2 426 | 497 | 537 | 546 |[3.79 |491]923 329 |262 |517]|491 1.788637284
29 | Lm 2 3.67 | C 2 2.89 | 357|529 |548 |386 |458 1085|532 |4.38 |3.75]5.00 2.225089511
30 | Lm 2 367 | C 1 477 1390|365 | 457 |578 |583|278 |540 |4.79 |4.98|4.65 0.968403612
31 | Lm 2 3.67 | R 1 6.56 | 6.69 | 246 | 261 |6.77 |3.86|458 |552 |7.61 |451]512 1.802714312
32 | Lm 2 3.67 | R 2 430|376 355 |45 [639 |386|379 (439 |3.02 |299]4.06 0.973817802
33 | Hm 1 3.67 | R 1 5.08 | 326|809 |59 |6.03 |512 574 |598 |558 |4.77 |5.56 1.216967543
34 | Hm 1 367 | C 1 568 | 505|599 | 473 |35 |588|530 |3.75 |586 |4.40]|5.02 0.889069426
35 | Hm 1 367 | R 2 5451405331 |416 |419 |479|349 |495 |6.58 |522]4.62 0.985601339
36 | Hm 1 367 | C 2 255|723 1334 |383 |500 |[659 446 |509 |7.36 |3.76|4.92 1.665749414
37 | Lm 2 345 | R 2 365|411 416 | 279 |456 |339 302 |378 |412 |4.22|3.78 0.567411275
38 | Lm 2 345 | C 2 520|326 439 |617 |325 |278|9.78 |590 |4.76 |4.24|4.97 2.029937328
39 | Lm 2 345 | R 1 8.12 | 687 | 6.09 | 547 |757 |753|572 |6.42 |513 |5.12|6.40 1.080125507
40 | Lm 2 345 | C 1 583|561 |479 | 472 |555 |7.17 885 |541 |450 | 739|598 1.394607073
41 | Lm 1 345 | R 1 590|660 |6.39 |360 |510 |560 499 |720 |563 |255]5.36 1.398580232
42 | Lm 1 345 | C 1 4411369492 |549 |6.18 |6.65|563 |326 |863 |534]542 1.541233272
43 | Lm 1 345 | C 2 41314711404 |599 |285 |572|7.02 |323 |458 |276]|4.50 1.407156708
44 | Lm 1 345 | R 2 453|222 (344 | 357 |558 |261|459 |(320 |410 |328]|3.71 1.003513827
45 | Lm 1 367 | R 2 403|478 427 |340 |[580 |319|435 |411 |249 |3.66]4.01 0.91091895

46 | Lm 1 367 | R 1 6.06 | 6.32 | 6.39 | 594 |4.06 |539 442 |376 |4.75 |538]525 0.95383495

47 | Lm 1 367 | C 2 3.68 | 386|444 | 476 |517 |329 642 |3.67 |493 |6.76|4.70 1.171037527
48 | Lm 1 367 | C 1 581|890 |554 |401 |517 |522|10.28|7.45 |3.83 |4.42|6.06 2.147391441
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Table 8.12: Actual Data for Tenacity (gfd)

ilg_ _C;%t:n Doff ;I;:/v;lst rSnp:tr;]rygg ]I;cc)lvmgs - - - - T5enaC|t);(9fd) : . - - ;s/gamty Tenacity SD
1 Hm 1 3.9 R 1 185|169 180|170 | 180 | 154 |1.80 |168 | 1.67 | 1.67 | 1.72 0.092135166
2 Hm 1 3.9 C 2 20112199 | 195|197 |214 | 199 |202 | 187 | 169 | 1.92 | 1.96 0.116833214
3 Hm 1 3.9 R 2 181|177 (192|184 179|181 |176 |190 |1.87 | 181 | 1.83 0.053707024
4 Hm 1 3.9 C 1 198|185 (189 | 197 | 206 | 191|214 |192 | 202 | 1.99 | 1.97 0.086158768
5 Hm 1 3.45 R 1 1521133 (138|145 143 |133 |154 |142 | 151|136 | 143 0.077753171
6 Hm 1 3.45 C 1 1781183 173|172 184 |160 |1.74 |1.73 | 1.78 | 1.77 | 1.75 0.067461923
7 Hm 1 3.45 C 2 165|177 187|178 | 182|163 |166 |1.75 |1.20 | 187 |1.70 0.195789002
8 Hm 1 3.45 R 2 161|152 | 158 | 156|168 | 152 |1.64 |150 | 1.56 | 1.74 | 1.59 0.076948756
9 Lm 2 3.9 R 1 2.16 | 2.04 | 2.05 | 2.20 | 2.09 | 2.10 | 2.18 | 2.06 | 2.18 | 2.09 | 2.12 0.059675046
10 Lm 2 3.9 C 2 213|218 | 222 | 232 | 227 | 224 | 155 | 226 | 2.22 | 2.28 | 2.17 0.223261182
11 Lm 2 3.9 C 1 233|231 (234|226 | 227 | 222 | 237 | 234 | 223 | 2.26 | 2.29 0.051650535
12 Lm 2 3.9 R 2 214 1215|209 | 215 | 206 | 2.11 | 2.06 | 2.08 | 2.12 | 2.01 | 2.10 0.045716518
13 Hm 2 3.9 R 2 181176180 | 170 | 174|202 | 176 (185|190 | 1.76 | 1.81 0.093333333
14 Hm 2 3.9 R 1 17112172155 | 173|157 |1.70 | 166 |1.74 |1.76 | 1.81 | 1.70 0.081274569
15 Hm 2 3.9 C 2 201|212 (198 | 193 | 205|172 |1.84 | 189 | 156 |1.95 | 191 0.164738851
16 Hm 2 3.9 C 1 203|192 (189|192 |185 201|201 |215|208 |201 | 199 0.091778719
17 Hm 2 345 | R 1 186 (200|171 |182 187|183 |201 (181 |1.89 |1.80 |1.86 0.090798923
18 Hm 2 345 | R 2 156 (169|162 | 168 | 1.60 | 1.66 | 1.60 | 1.72 | 1.68 | 1.51 | 1.63 0.065625198
19 Hm 2 3.45 C 2 1731184176 | 134 | 170 | 1.40 | 1.74 | 163 | 1.65 | 1.84 | 1.66 0.169512373
20 Hm 2 345 | C 1 170 1191|179 | 176 |172 |1.78 | 191 (193|184 | 181 |1.82 0.081000686
21 Hm 2 3.67 R 1 158 (154|146 | 159 | 165 |1.68 | 1.58 | 1.53 | 1.46 | 1.44 | 1.55 0.081028116
22 Hm 2 3.67 R 2 165(159|162 | 178 | 180 | 1.76 | 1.75 - 177 | 1.73 | 1.72 0.076485293
23 Hm 2 367 |C 1 200|195|188 | 174 | 187 |181 |204 | 201 | 185 |1.87 | 1.90 0.09577752
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Table 8.12 continued.

24 Hm 2 3.67 |C 2 193|119 | 194 | 185 | 197 | 164 |163 |1.83 |1.36 |1.84 | 1.80 0.195462415
25 Lm 1 3.9 R 1 2151218 | 217 | 213 | 215 | 215 | 2.06 | 2.03 | 201 | 211 | 211 0.060037026
26 Lm 1 3.9 R 2 2151212 | 213 | 211 | 218 | 2.09 | 213 | 223 | 214 | 211 | 2.14 0.04040077

27 Lm 1 3.9 c 1 218 1232 | 232 | 230 | 237 | 232 | 234 | 230 | 226 | 2.27 | 2.30 0.052238768
28 Lm 1 3.9 c 2 2231219 | 218 | 231 | 223 | 224 | 129 | 217 | 233 | 217 | 213 0.301706259
29 Lm 2 3.67 |C 2 227217 | 217 | 218 | 215 | 2.04 | 1.26 | 2.34 | 220 | 2.23 | 2.10 0.305739541
30 Lm 2 3.67 |C 1 2191214 | 212 | 228 | 211 | 214 | 211 | 2.09 | 218 | 232 | 2.17 0.076710133
31 Lm 2 3.67 |R 1 1941199 | 188 | 1.86 | 202 | 196 |194 |1.88 |2.04 | 191 | 194 0.061246315
32 Lm 2 3.67 |R 2 2.18 | 204 | 203 | 202 | 1.99 | 2.02 | 2.00 | 2.08 | 2.07 | 2.00 | 2.04 0.056381636
33 Hm 1 3.67 |R 1 159|153 | 153 | 145 | 141 | 148 | 154 | 141 | 159 |1.66 |1.52 0.082117802
34 Hm 1 367 |C 1 194|181 | 181 | 191 |196 | 193 194 |205 |197 |195 |193 0.071964497
35 Hm 1 367 |R 2 162|175 | 178 | 169 | 165|180 |1.72 |1.76 |1.73 | 1.80 |1.73 0.061282588
36 Hm 1 367 |C 2 1751197 | 192 | 200 | 192 | 156 |184 |1.79 | 132 | 196 |1.80 0.214841026
37 Lm 2 345 | R 2 199|189 | 204 | 187 | 182 | 189 |193 |200 |1.90 |1.88 |1.92 0.068386158
38 Lm 2 345 | C 2 2141207 | 204 | 204 | 212 | 219 | 122 | 209 | 220 | 2.10 | 2.02 0.286800356
39 Lm 2 345 | R 1 156|137 | 135 | 125 | 149 | 130 |140 |1.42 | 143 |1.27 |1.38 0.097319634
40 Lm 2 345 | C 1 2221211 | 211 | 223 | 208 | 226 | 212 | 219 | 221 | 211 | 216 0.064325561
41 Lm 1 345 | R 1 184|200 | 186 | 186 | 191 | 180 (184 |1.69 |1.90 |1.93 |1.86 0.082872057
42 Lm 1 345 | C 1 2211220 | 209 | 201 |213 | 218 | 213 | 214 | 197 | 228 | 2.13 0.092999403
43 Lm 1 345 | C 2 202|246 | 203 | 206 | 2.13 | 2.04 | 139 | 199 | 216 | 219 | 2.05 0.268081663
44 Lm 1 345 | R 2 1941191 | 194 | 195 | 191 | 192 192 194 |1.95 |193 |1.93 0.015238839
45 Lm 1 367 |R 2 201|203 | 207 | 203 | 2.08 | 2.07 | 2.04 | 201 | 2.07 | 2.05 | 2.05 0.025905812
46 Lm 1 367 |R 1 217|211 | 197 | 195 | 203 |1.83 [1.87 |[193 | 196 | 191 | 197 0.104567894
47 Lm 1 367 |C 2 207|224 | 218 | 216 | 215 | 223 | 149 | 213 | 221 | 215 | 210 0.220476756
48 Lm 1 367 |C 1 210|201 | 230 | 215 | 210 | 224 | 219 | 222 | 224 | 220 | 2.18 0.085667315

89




Table 8.13: Actual Data for Tenacity CV%

Tenacity CV %

Tenacity

No | Type | O | vl |method | d (1 [z a3 T4 5 Js |7 & o T 9% |cvied

1 Hm 1 3.9 R 1 6.90 | 536 |[537 | 710 | 1199|848 |443 |868 |7.26 |7.38 |7.30 2.140250505
2 Hm 1 3.9 c 2 9.03 175 |[523 |506 |696 |638 |467 |6.09 |9.10 |454 |588 2.18994901
3 Hm 1 3.9 R 2 7.67 522 | 405 |583 |548 |[430 |9.00 |569 |6.22 |453 |5.80 1.538053965
4 Hm 1 3.9 c 1 7.59 | 1151 | 7.77 | 846 |823 |807 |493 |642 |518 |6.72 |7.49 1.876792773
5 Hm 1 345 | R 1 834|775 |10.22 992 | 10.56 | 9.75 | 7.06 |10.68|8.04 | 7.65 | 9.00 1.360515017
6 Hm 1 345 | C 1 6.07 | 806 |[638 |82l |564 |957 |515 |791 |514 |6.03 |6.82 1.513055775
7 Hm 1 345 | C 2 885|764 (680 |6.18 |736 |442 |409 |533 |722 |299 |6.09 1.837829638
8 Hm 1 345 | R 2 409|453 | 616 |766 |7.13 |754 |513 |6.69 |549 |550 |599 1.246379646
9 Lm 2 3.9 R 1 354|506 [486 |480 |6.03 [560 |512 |6.34 |526 |7.31 |539 1.016134287
10 Lm 2 3.9 C 2 544|435 |518 | 811 | 251 |312 |7.26 |472 |6.17 |3.43 |5.03 1.797111571
11 Lm 2 3.9 C 1 5.07 848 |6.16 |508 |672 |755 |553 |867 |7.19 |7.38 |6.78 1.305867528
12 Lm 2 3.9 R 2 297 | 3.13 440 | 359 | 413 |435 |553 |3.90 |4.63 |594 |4.26 0.950801416
13 Hm 2 3.9 R 2 599 |6.04 |6.01 |346 |49 |20.05|590 |6.45 |458 |4.75 |6.82 4.737806454
14 Hm 2 3.9 R 1 6.84 | 548 |3.11 | 657 | 457 | 573 |508 |414 |6.49 |591 |539 1.184546796
15 Hm 2 3.9 C 2 512 | 6.02 |6.14 | 485 |320 |704 |868 |739 |7.16 |545 |6.11 1.552447888
16 Hm 2 3.9 C 1 395|629 |1287| 723 | 753 |834 |568 |395 |6.26 |3.22 |6.53 2.790530814
17 Hm 2 345 | R 1 571|364 |521 |548 | 1341|805 |429 |6.15 |7.98 |6.96 |6.69 2.763129466
18 Hm 2 345 | R 2 577|412 |516 |386 |623 |365 |6.10 |426 |6.36 |7.06 |5.26 1.21189521
19 Hm 2 345 | C 2 6.88 | 473 |6.24 | 763 |897 |4.47 |578 |447 |7.63 |450 |6.13 1.612134541
20 Hm 2 345 | C 1 6.21 | 6.13 |434 | 692 |524 | 779 |575 |268 |553 |520 |5.58 1.399130285
21 Hm 2 3.67 | R 1 6.01 1882 |804 |624 | 796 |6.20 |554 |6.54 |11.14 | 10.10 | 7.66 1.893359448
22 Hm 2 3.67 | R 2 426|779 |507 |346 |556 |593 |7.84 - 351 |6.31 |553 1.635642925
23 Hm 2 3.67 | C 1 7.22 | 6.63 | 14.78 | 20.13 | 823 |6.60 |893 |4.68 |455 |6.34 |881 4.917136588
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Table 8.13 continued.

24 Hm 2 3.67 |C 2 5.27 | 551 | 344 |544 439 |7.26 |643 |7.70 |7.69 |6.68 |598 1.422427112
25 Lm 1 3.9 R 1 6.62 | 6.18 | 487 |6.85 | 769 |555 |524 |3.88 |6.22 |1440]6.75 2.89693708

26 Lm 1 3.9 R 2 546 | 384 | 3.10 | 361 | 720 |444 |287 |471 |482 |330 |4.34 1.306991881
27 Lm 1 3.9 c 1 294 1615 | 550 | 572 [ 366 |436 |729 |355 [529 |495 |4.94 1.33075125

28 Lm 1 3.9 c 2 4941415 | 584 |548 |582 |578 984 |517 |3.64 |6.22 |569 1.666731999
29 Lm 2 367 |C 2 586|398 |513 |6.72 | 457 |590 |1425|562 |503 |411 |6.12 2.981670114
30 Lm 2 367 |C 1 5.08 | 665 | 527 | 431 | 580 |6.23 |345 |398 |7.69 |6.35 |548 1.317349612
31 Lm 2 367 |R 1 862|735 | 476 | 359 |11.04|500 |576 |7.67 |11.05|7.03 |7.19 2.533210743
32 Lm 2 367 |R 2 586|320 | 449 |580 |661 |471 |427 |561 |410 |556 |5.02 1.031724016
33 Hm 1 367 |R 1 725|680 | 764 |847 [896 |524 |695 |7.19 |7.40 |830 |7.42 1.040128197
34 Hm 1 367 |C 1 9.08 | 460 | 557 |453 |524 |16.78|6.17 |1705|7.84 |7.05 |8.39 4.714385668
35 Hm 1 367 |R 2 4431483 | 578 |414 | 491 |6.29 |474 |457 |527 |3.64 |4.86 0.771218372
36 Hm 1 367 |C 2 588|608 | 537 |529 [801 |515 |469 |584 |828 |458 |592 1.272443406
37 Lm 2 345 | R 2 298 | 5.04 | 473 | 327 |567 |3.87 |359 |445 |475 |481 |4.32 0.855325799
38 Lm 2 345 | C 2 595|519 | 295 | 752 |263 |3.07 |11.09|4.79 |4.44 |4.02 |5.17 2.559671203
39 Lm 2 345 | R 1 9.26 | 7.47 | 898 | 1220|796 |11.24|8.04 |863 |574 |599 |855 2.040650495
40 Lm 2 345 | C 1 6.02 519 | 657 | 450 |[806 |7.83 |792 |404 |416 |7.10 |6.14 1.590048567
41 Lm 1 345 | R 1 692|772 | 971 |75 |7.74 |11.06|750 |993 |453 |541 |7.81 2.004133506
42 Lm 1 345 | C 1 6.29 | 478 | 439 | 520 |[6.07 |531 |642 |461 |7.46 |6.60 |571 1.003439086
43 Lm 1 345 | C 2 461|412 | 439 |533 |349 |675 924 |319 |429 |323 |4.86 1.869516872
44 Lm 1 345 | R 2 531|460 |6.10 |366 |[619 |3.79 |401 |413 |445 |3.25 |4.55 1.011593353
45 Lm 1 367 |R 2 431|473 | 458 |209 |594 |266 |360 |506 |317 |4.08 |4.02 1.161740074
46 Lm 1 367 |R 1 6.02 974 | 748 | 431 | 194 |821 |409 |486 |458 |575 |570 2.27343988

47 Lm 1 367 |C 2 4421495 | 477 |515 | 547 |520 |6.23 |458 |6.34 |6.19 |533 0.706100402
48 Lm 1 367 | C 1 5471833 | 585 |569 |[540 |7.67 |650 |6.03 |7.18 |3.16 |6.13 1.434587049
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Table 8.14: Actual Data for B-work (gf-cm)

Sr. | Cotton | o . | Twist | Spinning | Rovings B-work (gf-cm) \/sz)l’k B-Work

No. | Type level | method fed 1 2 3 4 5 6 7 8 9 10 Avg SD

1 Hm 1 3.9 R 1 434.70 | 377.20 | 400.10 | 385.10 | 406.90 | 328.30 | 412.80 | 381.40 | 371.40 | 361.10 | 385.90 | 29.79060255
2 Hm 1 3.9 C 2 484.70 | 476.70 | 446.90 | 472.10 | 531.20 | 463.70 | 475.20 | 428.20 | 369.20 | 433.00 | 458.09 | 42.77793954
3 Hm 1 3.9 R 2 381.90 | 360.80 | 416.80 | 385.50 | 367.30 | 383.00 | 353.60 | 400.00 | 411.10 | 388.10 | 384.81 | 20.61673808
4 Hm 1 3.9 C 1 493.30 | 429.90 | 439.30 | 463.40 | 509.90 | 468.10 | 551.20 | 479.90 | 496.70 | 512.60 | 484.43 | 36.31562412
5 Hm 1 3.45 R 1 319.70 | 263.40 | 256.80 | 294.70 | 274.90 | 256.20 | 316.90 | 269.70 | 316.80 | 262.80 | 283.19 | 26.27725886
6 Hm 1 3.45 C 1 400.90 | 397.50 | 371.40 | 390.40 | 426.10 | 347.80 | 392.70 | 401.90 | 406.20 | 414.30 | 394.92 | 22.02270545
7 Hm 1 3.45 C 2 371.00 | 414.60 | 431.40 | 408.10 | 418.10 | 370.40 | 353.40 | 410.00 | 241.30 | 429.80 | 384.81 | 57.10363775
8 Hm 1 3.45 R 2 339.00 | 311.20 | 327.80 | 318.40 | 360.30 | 321.50 | 347.90 | 310.50 | 319.70 | 377.30 | 333.36 | 22.34905914
9 Lm 2 3.9 R 1 604.90 | 543.80 | 564.10 | 609.80 | 584.20 | 572.20 | 594.80 | 545.70 | 608.60 | 566.20 | 579.43 | 24.83380536
10 | Lm 2 3.9 Cc 2 587.00 | 598.10 | 622.90 | 682.10 | 662.00 | 652.30 | 406.80 | 630.80 | 634.90 | 630.30 | 610.72 | 76.94046472
11 | Lm 2 3.9 Cc 1 688.30 | 694.30 | 694.90 | 695.50 | 641.80 | 639.40 | 702.30 | 698.40 | 639.30 | 673.90 | 676.81 | 26.39660963
12 | Lm 2 3.9 R 2 559.40 | 542.20 | 547.70 | 541.10 | 523.50 | 537.40 | 523.80 | 528.00 | 548.90 | 506.00 | 535.80 | 15.58475038
13 | Hm 2 3.9 R 2 388.20 | 370.90 | 386.20 | 354.50 | 361.30 | 431.50 | 367.60 | 382.50 | 418.10 | 377.00 | 383.78 | 24.30915694
14 | Hm 2 3.9 R 1 395.60 | 406.10 | 321.80 | 400.20 | 330.00 | 373.40 | 390.10 | 397.90 | 412.40 | 401.50 | 382.90 | 31.82197005
15 | Hm 2 3.9 Cc 2 478.70 | 511.90 | 449.90 | 456.20 | 496.30 | 367.00 | 411.80 | 462.70 | 322.60 | 453.70 | 441.08 | 58.49573204
16 | Hm 2 3.9 Cc 1 514.20 | 445.30 | 450.30 | 477.70 | 459.60 | 498.00 | 508.00 | 562.90 | 522.50 | 525.50 | 496.40 | 37.77797712
17 | Hm 2 3.45 R 1 448.30 | 500.30 | 393.50 | 440.90 | 452.40 | 440.60 | 515.80 | 430.00 | 471.10 | 447.60 | 454.05 | 34.83093293
18 | Hm 2 3.45 R 2 325.80 | 369.80 | 328.60 | 358.20 | 338.50 | 361.70 | 340.10 | 386.50 | 361.30 | 311.00 | 348.15 | 23.13425791
19 | Hm 2 3.45 C 2 400.70 | 422.00 | 399.60 | 289.20 | 387.80 | 291.00 | 396.40 | 358.40 | 376.80 | 439.10 | 376.10 | 50.43103101
20 | Hm 2 3.45 C 1 378.60 | 424.30 | 399.60 | 384.20 | 380.20 | 403.30 | 431.20 | 466.60 | 437.50 | 428.00 | 413.35 | 28.90252776
21 | Hm 2 3.67 R 1 336.70 | 316.50 | 289.20 | 328.00 | 351.30 | 346.70 | 324.40 | 305.80 | 285.00 | 284.30 | 316.79 | 24.97511873
22 | Hm 2 3.67 R 2 341.80 | 310.00 | 324.10 | 373.80 | 375.40 | 367.20 | 367.60 - 378.80 | 361.10 | 355.53 | 24.57727609
23 | Hm 2 3.67 C 1 480.40 | 422.60 | 387.40 | 384.20 | 401.10 | 391.70 | 470.60 | 495.40 | 434.30 | 448.90 | 431.66 | 40.93773592
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Table 8.14 continued.

24 Hm 2 367 | C 2 458.00 | 452.60 | 437.00 | 425.30 | 460.50 | 374.30 | 341.50 | 442.50 | 273.80 | 408.00 | 407.35 | 60.68068062
25 Lm 1 3.9 R 1 588.20 | 581.50 | 573.80 | 573.90 | 576.60 | 588.40 | 577.20 | 528.50 | 533.40 | 547.50 | 566.90 | 22.10846997
26 Lm 1 3.9 R 2 544.90 | 554.20 | 554.80 | 524.80 | 557.00 | 540.70 | 564.10 | 588.20 | 546.90 | 541.40 | 551.70 | 16.8323102

27 Lm 1 3.9 Cc 1 626.30 | 645.50 | 692.30 | 664.10 | 686.60 | 667.90 | 712.70 | 667.30 | 662.70 | 681.80 | 670.72 | 24.35828857
28 Lm 1 3.9 Cc 2 609.40 | 609.30 | 610.20 | 650.10 | 615.80 | 621.50 | 308.00 | 577.80 | 661.30 | 571.10 | 583.45 | 100.6156079
29 Lm 2 367 | C 2 636.80 | 590.60 | 600.80 | 601.30 | 595.60 | 545.00 | 294.00 | 655.00 | 610.80 | 622.80 | 575.27 | 103.1024523
30 Lm 2 367 | C 1 576.30 | 549.30 | 566.80 | 611.60 | 549.20 | 559.70 | 564.30 | 549.20 | 580.20 | 635.60 | 574.22 | 28.75597716
31 Lm 2 367 | R 1 483.70 | 480.90 | 440.80 | 455.10 | 512.90 | 466.10 | 482.30 | 446.40 | 516.80 | 450.30 | 473.53 | 26.66404362
32 Lm 2 367 | R 2 562.90 | 513.40 | 519.20 | 6.51 491.90 | 513.10 | 516.10 | 539.40 | 512.70 | 500.70 | 467.59 | 163.2122433
33 Hm 1 367 | R 1 350.00 | 321.90 | 321.80 | 293.90 | 277.50 | 304.90 | 328.00 | 281.60 | 345.50 | 351.40 | 317.65 | 27.36962022
34 Hm 1 367 | C 1 446.60 | 402.90 | 385.60 | 431.70 | 454.10 | 415.00 | 450.10 | 487.10 | 463.30 | 495.50 | 443.19 | 35.14071554
35 Hm 1 367 |R 2 329.20 | 364.60 | 374.20 | 343.20 | 338.30 | 385.70 | 350.10 | 376.20 | 369.00 | 392.10 | 362.26 | 21.09724574
36 Hm 1 367 | C 2 403.10 | 450.50 | 439.00 | 477.00 | 443.80 | 314.40 | 406.20 | 416.40 | 252.80 | 451.60 | 405.48 | 69.59658038
37 Lm 2 345 | R 2 490.20 | 463.90 | 521.10 | 476.00 | 448.00 | 477.70 | 491.20 | 513.10 | 472.50 | 471.40 | 482.51 | 22.07565024
38 Lm 2 345 | C 2 589.30 | 564.80 | 577.20 | 553.30 | 600.60 | 625.20 | 293.90 | 574.00 | 633.90 | 563.10 | 557.53 | 96.34237616
39 Lm 2 345 | R 1 324.70 | 271.40 | 258.90 | 246.00 | 309.10 | 246.10 | 282.10 | 281.30 | 284.20 | 246.50 | 275.03 | 27.0149362

40 Lm 2 345 | C 1 603.00 | 549.90 | 581.20 | 603.30 | 552.20 | 608.90 | 588.50 | 592.00 | 619.10 | 591.20 | 588.93 | 22.75580756
41 Lm 1 345 | R 1 458.70 | 473.50 | 448.30 | 450.30 | 487.90 | 443.20 | 486.50 | 382.80 | 465.50 | 497.90 | 459.46 | 32.6622514

42 Lm 1 345 | C 1 596.40 | 567.40 | 572.40 | 527.60 | 572.60 | 591.70 | 587.50 | 577.00 | 522.00 | 623.20 | 573.78 | 30.42567629
43 Lm 1 345 | C 2 534.80 | 618.30 | 592.20 | 561.60 | 582.30 | 556.10 | 350.90 | 590.80 | 609.60 | 603.10 | 559.97 | 77.87100516
44 Lm 1 345 | R 2 474.80 | 472.70 | 501.90 | 494.50 | 461.30 | 481.80 | 492.00 | 491.10 | 487.80 | 484.00 | 484.19 | 11.97965405
45 Lm 1 367 | R 2 520.70 | 500.10 | 533.40 | 496.40 | 528.80 | 518.70 | 519.20 | 500.80 | 513.60 | 520.20 | 515.19 | 12.43234581
46 Lm 1 367 | R 1 562.30 | 534.70 | 488.40 | 490.30 | 537.00 | 443.70 | 485.90 | 478.90 | 496.40 | 482.10 | 499.97 | 34.68925706
47 Lm 1 367 | C 2 549.40 | 602.30 | 588.00 | 571.70 | 589.40 | 621.10 | 375.60 | 571.50 | 618.20 | 581.00 | 566.82 | 70.64688088
48 Lm 1 367 | C 1 532.70 | 480.20 | 631.00 | 568.20 | 545.30 | 589.00 | 562.10 | 596.80 | 609.00 | 615.70 | 573.00 | 45.27790729
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Table 8.15: Actual Data for B-work CV%

Sr. | Cotton | 5 o | Twist | Spinning | Rovings B —Work CV %

No. | Type level | method | fed 1 2 3 4 5 6 7 8 9 10

1 Hm 1 3.9 R 1 1094 | 864 | 9.35 | 10.77 | 17.86 | 13.93 | 7.81 | 12.90 | 11.93 | 11.31
2 Hm 1 3.9 C 2 1528 | 415 | 9.25 | 878 |11.14|10.15|7.04 |8.85 | 1252 |8.70
3 Hm 1 3.9 R 2 1249 | 591 | 551 |925 |9.62 |862 |12.73|9.10 |8.87 |8.17
4 Hm 1 3.9 C 1 12.65 | 18.67 | 12.83 | 11.60 | 12.31 | 11.62 | 8.62 |9.92 | 7.84 | 11.83
5 Hm 1 345 | R 1 1497 | 11.49 | 17.28 | 15.49 | 15.92 | 16.13 | 8,57 | 18.55 | 11.60 | 12.69
6 Hm 1 345 | C 1 11.73 | 13.88 | 11.41 | 10.53 | 9.61 | 15.42 | 850 | 12.61 | 9.20 | 10.46
7 Hm 1 345 | C 2 1452 | 11.72 | 11.97 | 9.45 | 13.50 | 6.86 | 8.29 | 9.34 | 13.02 | 6.02
8 Hm 1 345 | R 2 791 | 736 |1194|11.34| 1364|1119 |7.98 | 1155|6.90 | 10.14
9 Lm 2 3.9 R 1 6.28 |9.10 [832 |727 |762 |955 |864 |845 |7.30 |11.63
10 | Lm 2 3.9 C 2 864 |752 |816 |13.20|350 |6.73 |10.28|7.71 |11.10 | 4.89
11 | Lm 2 3.9 C 1 7.45 |13.27|9.65 |10.12 |9.63 | 13.34|8.39 | 1192 | 12.81 | 12.03
12 | Lm 2 3.9 R 2 509 |[521 |971 |658 |9.02 |711 |10.74|7.84 |822 |9.98
13 | Hm 2 3.9 R 2 10.12 | 11.33| 885 | 6.65 |891 | 15.27| 10.00|9.33 | 859 |9.51
14 | Hm 2 3.9 R 1 8.97 |10.40|5.07 |10.14 894 |9.87 | 750 |7.48 |9.96 |8.34
15 | Hm 2 3.9 C 2 10.04 | 836 |9.81 | 824 |4.88 |12.64| 1415|951 | 12.26 |9.19
16 | Hm 2 3.9 C 1 6.02 |11.71| 1953|931 | 1463 |13.13|9.06 |6.75 |11.31|5.39
17 | Hm 2 345 | R 1 928 |6.16 |7.36 |9.68 |2270|12.88|6.86 |9.62 | 13.63 | 10.64
18 | Hm 2 345 | R 2 12.11|19.03 | 9.18 | 541 |11.24|7.74 | 10.20|6.08 | 8.59 | 13.99
19 | Hm 2 345 | C 2 9.85 |6.22 | 11.58 | 14.87 | 15.62 | 10.63 | 10.58 | 6.24 | 11.39 | 8.02
20 | Hm 2 345 | C 1 9.26 | 10.54|6.77 | 12.89 | 10.92 | 12.27 | 9.07 | 5.40 |9.97 | 10.09
21 | Hm 2 367 |R 1 9.10 |12.72|10.78 | 853 |11.80 | 10.16 | 8.63 |9.75 | 19.19 | 16.34
22 | Hm 2 367 |R 2 7.86 |1361|893 |7.30 |1275|9.28 | 11.28 - 7.36 | 11.26
23 | Hm 2 367 |C 1 - 11.80 | 11.12 | 25.83 | 12.28 | 11.67 | 14.64 | 7.49 | 7.63 | 3.74
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Table 8.15 continued.

24 Hm 2 3.67 | C 2 776 | 11.14 | 7.26 | 1256 | 9.36 | 9.25 | 11.75 | 14.91 | 12.82 | 12.24
25 Lm 1 3.9 R 1 10.80 | 11.39 | 7.33 | 12.84 | 13.99 | 9.24 | 7.58 | 549 | 11.79 | 8.04
26 Lm 1 3.9 R 2 899 |589 |587 |545 |11.01| 736 |527 |7.87 |10.34 |6.98
27 Lm 1 3.9 c 1 575 | 9.05 |9.06 |949 |506 |6.75 |11.56 |6.62 |6.23 | 9.15
28 Lm 1 3.9 c 2 836 |[830 |971 |980 |801 |868 |1750 |7.16 | 561 | 10.66
29 Lm 2 367 | C 2 6.61 | 755 |10.63 | 11.14 | 8.34 | 10.55 |22.25 | 9.67 | 852 | 7.67
30 Lm 2 367 | C 1 9.32 | 10.58 | 8.80 |8.83 |10.50 | 11.22 |6.71 |7.90 | 11.07 | 10.89
31 Lm 2 367 |R 1 14.09 | 13.77 | 563 | 4.01 | 1558 | 8.46 |8.60 | 12.44 | 17.80 | 11.32
32 Lm 2 367 |R 2 929 | 548 | 743 |45 |1153|785 |7.45 |9.06 |6.27 |7.87
33 Hm 1 367 |R 1 12.27 | 879 | 13.90 | 13.03 | 13.63 | 9.56 | 11.89 | 11.67 | 10.55 | 12.10
34 Hm 1 367 | C 1 13.58 | 8.06 | 10.86 | 8.86 | 7.81 | 12.75 | 10.37 | 10.42 | 13.16 | 10.95
35 Hm 1 367 |R 2 910 | 9.27 | 929 |6.78 |804 |937 |686 |808 | 10.10 | 7.80
36 Hm 1 367 |C 2 735 | 1195|799 |7.86 |13.63| 1059 |853 |950 | 1558 |531
37 Lm 2 345 | R 2 456 |9.16 |806 |444 |9.18 |654 |664 |7.44 |862 |7.33
38 Lm 2 345 | C 2 10.22 | 825 | 6.80 |12.19 | 518 |550 |19.24|10.28 | 7.50 | 7.57
39 Lm 2 345 | R 1 1558 | 12.66 | 12.88 | 14.95 | 13.79 | 15.81 | 10.30 | 14.17 | 9.67 | 8.75
40 Lm 2 345 | C 1 9.43 | 10.38 | 10.45 | 835 |12.03 | 13.61 | 14.83 | 831 | 7.12 | 12.24
41 Lm 1 345 | R 1 11.61 | 13.00 | 13.67 | 10.54 | 11.22 | 15.63 | 9.83 | 1560 | 9.11 | 7.16
42 Lm 1 345 | C 1 8.07 |852 |884 |965 |10.46 | 1047 |9.76 |7.40 | 1554 | 10.52
43 Lm 1 345 | C 2 717 | 813 |803 |10.63 |6.20 | 1292 | 1564 | 578 | 755 | 5.60
44 Lm 1 345 | R 2 816 |512 |868 |591 |10.14|6.57 |803 |6.12 |6.08 |554
45 Lm 1 367 |R 2 6.63 | 863 |823 |438 |1082|443 |625 |794 |521 |6.27
46 Lm 1 367 |R 1 10.40 | 15.04 | 13.06 | 9.86 |6.23 | 12.01 | 7.91 | 837 |9.05 | 11.20
47 Lm 1 367 |C 2 696 | 790 |7.71 |930 |958 |828 |11.12 589 | 10.18 |12.73
48 Lm 1 367 | C 1 9.37 | 1553 |10.21 | 836 |9.60 | 12.10 | 10.60 | 11.00 | 10.60 | 6.69
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Figure 8.1: Fitted regression model for thin places (-50%b)
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Figure 8.2: Fitted regression model for thick places (+50%0)
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Figure 8.3: Fitted regression model for neps (+200%b)
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Figure 8.4: Fitted regression model for b-force
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Figure 8.5: Fitted regression model for breaking elongation
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Figure 8.6: Fitted regression model for b-work
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Table 8.16: Survey results for hand assessment of fabrics

RANKS FOR FABRICS

B4

B3

B2

Bl

Ad

A3

A2

Al

Person

10
11
12
13
14
15
16
17
18
19
20
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|~ Response Pilling scale
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=
n
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Sum of
Squares
1.5000000
0.3958333
50416667
0.0416667
0.0825000
0.6666667
0.1666667
0.0208333
0.2708333
03750000

F Ratio
3.9512
0.5213
13.2805
0.1058
0.0823
1.7561
0.4350
0.0274
0.3567
0.89378

Prob > F
0.0781
0.6106
0.0054*
0.7480
0.9217
0.2178
0.5242
0.9730
0.7094
0.3452

Figure 8.7: Fitted regression model for fabric pilling scale
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