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CHAPTER I

INTRODUCTION

Commercial rotor spinning began in 1967 in Czechoslo-
vakia. Since that time, many researchers have studied fac-
tors that affect rotor spinning of fine yarns. At the pre-
sent, the break-even point, i.e., the economical count beyond
which rotor spinning becomes more expensive than conventional,
ring spinning, 1s becoming ever finer, and is now approaching
Ne 30 (the English system is used for yarn count). The alter-
native count system, tex or gram/kilometer, is given by tex X
Ne = 590.6.

The purpose of this research was to study the interac-
tion between five principal factors known to influence rotor
spinning of fine cotton yarns. The factors investigated were
raw material, preparation, sliver weight, count, and twist.
The study was set upas a factorial design with two replications.

The general effect of varying any one of these factors
on rotor spinning is already well understood. By examining
their interactions, however, it was deemed possible to ac-
quire information on a number of other troublesome questions
which are enumerated as follows:

1.. Is combing beneficial generally, or only at fine

counts, or only with long-staple cottons?

2. Is a long-staple cotton generally advantageous, or

only at low twist?
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When a low-micronaire cotton is used, under what
conditions, if any, does the higher number of
fibers in the yarn cross-section offset the ten-
dency to form neps? 1Is the net effect of a fine
cotton a function of yarn count?

To what extent i1s very high draft undesirable,
i.e., should finer slivers be used in spinning fine
yarns?

Are there high-order interactions, e.g., does fine
varn call for a long combed fiber with a low sliver
weight?

Are the results of spinning performance consistent
with those obtained by measuring yarn properties

such as evenness, tenacity and appearance?



CHAPTER II

REVIEW OF THE LITERATURE

2.1. The History of Spinning

Seven thousand years ago spinning was already well es-
tablished as a domestic craft. At that time and until the
early middle ages spinning was an incredibly slow and tedious
task. Throughout this period the spinning of one pound of
cotton into a yarn suitable for the weaving of what we would
now regard as a fairly heavy apparel fabric would keep a
spinner busy for several weeks.

The earliest spinners probably twisted the yarn directly
between finger and thumb but the spindle-and-whorl (a small
clay, stone or hardwood flywheel to facilitate rapid rota-
tion of the spindle) became the universal tool of spinners
at an early date. The process was necessarily discontinuous.

With the wheel-driven spindle, as with the simple
spindle, spinning remained a discontinuous process, and it
was not until 1519 that Leonardo da Vinci invented a con-
tinuous spinning device, the spindle-and-flyer mechanism.

The invention of the flyer marked a big step forward in that,
for the first time, it allowed twisting and winding-on to
proceed simultaneously. An early embodiment of the prin-
ciple, the Saxony wheel, appeared in 1555 and quickly became

established as offering the most efficient way of spinning



the relatively coarse woolen yarns which were in great de-
mand in Northern Europe.

In the 1760's, Richard Arkwright succeeded in estab-
lishing the first successful commercial mills, based on the
use of the automatic continuous spinning machine, later known
as the water frame.

The third and final step in this first phase of mechani-
zation of spinning was the mule invented by Samuel Crompton
in 1779, so-called because the mule was a hybrid between the
roller drafting of the water frame (to achieve fineness) and
the inherently stable system of drafting against running
twist of the jenny. By this means it was found possible to
spin yarns fine enough for the weaving of Indian-type muslins.
The mule, too, was commercially successful, particularly for
the spinning of fine yarns.

The opening years of the 19th century were years of
frenzied activity. By this time the mule had become by far
the most popular spinning machine. Eventually a completely
automatic mule was devised by Richard Roberts, 1827.

In the same year (1828) that the cap frame appeared,
John Thorp patented his ring frame. Only one year later the
last important step was taken when Addison and Stevens
patented the ring-and-traveler, a concept which became the
dominant spinning device in the 20th century.

Jenny, mule, throstle,and ring frames introduced twist
into the yarn being spun by rotating the package (or "bobbin")

of yarn.
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By 1960, there were many contenders for the great prize
of introducing a commercially successful "open-end" spinning
machine (Catling, 1983). The first development of a mill-
scale open-end machine (Czech KS 200 Break Spinner) was de-
monstrated in 1966 by Vyzkumny Ustav Bavlnarsky (V.U.B.), a
Textile Research Institute in Czechoslovakia. This machine
was soon accepted in industry.

In 1967, the BD 200 rotor spinning machine--a modifica-
tion of the previously mentioned machine--was also announced
by the V.U.B.

Since that time, many workers have been interested in
studying, applying, and developing rotor spinning machines.

2.2. Factors Affecting Rotor Spinning
of Fine Cotton Yarns

Many factors are known to affect the process of rotor

spinning; a number of these factors are as follows.

2.2.1. Raw Materials and Their Properties
The open-end rotor-spinning system is especially
suitable for short-staple fibers (Linenschloss et al, 1975).
Good results were obtained by Vaughn and Rhodes (1977) using
fiber of medium length, with intensive gin cleaning. Because
trash accumulation in rotors makes this type of spinning es-
pecially sensitive to impurities, it was early realized that
thorough cleaning is required (Lunenschloss and Hummel, 1968).
Their conclusions were based on comparative trials in which

American cotton was spun by both ring and rotor (BD 200)
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systems. They showed that, despite the need for higher twist,
the rotor yarn was better in most respects, such as evenness,
abrasion resistance, extensibility and reduced hairiness, but
the ring-spun yarn was stronger. A similar comparison using
African cottons (Bruggeman, 1979) concluded that the method
of spinning affects fabric properties in the warp and filling
directions as much as do the origin and type of cotton.

Cheaper mechanically harvested cottons were rotor-spun
on a BD 200 RC, a modified BD 200 machine equipped with a
cleaning system (Pospisil, 1976). The yarns obtained had
reduced bfeakage rate, and improved yarn quality, i.e.,
fewer thin and thick places. Using a PR-150-1 rotor spinning
machine to make 250-tex cotton yarns, Shcherbakova et al
(1983) likewise showed that lower-grade cotton can be pro-
cessed on this machine, leading to fewer faults and a more
regular yarn than those processed on the ring frame. Similar
results were obtained by Chemie and Kowalski (1983) in mill
trials on low-grade R3 Soviet cotton.

Several cottons of staple length <7/8" were spun in both
ring and rotor machines (Pillay, 1975). He found that fab-
rics from O-E yarns had significantly lower breaking strength,
tearing strength, and bursting strength than fabrics from
ring-spun yarns; fabric breaking elongation, air permeability,
and abrasion resistance were not substantially altered.
Despite the fiber disorientation in rotor yarns, which pre-

vents fibers from making their full potential contribution
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to yarn strength, researchers at Texas Tech University (1978)
reported that strong open-end spun yarn was produced from
Paymaster 266 cotton. A 59-tex (Ne 10) yarn was found to
have Uster single yarn strength of approximately 800 g.
The finest yarn count that could be spun in a Rieter
M1/1 machine was found to be limited by the quality of the

raw material, particularly fiber fineness (Stalder, 1979).

2.2.2. Preparation for Spinning

Despite improvements in trash extraction in rotor frames,
it has long been known (e.g., Kluka and Wojciechowski, 1973)
that thorough cleaning in preparatory processes is repaid by
a reduced rate of end breakage during rotor spinning. Using
Texas cotton, Towery (1976) found that 3 cardings and 2
drawings gave the best yarn strength by reducing plant resi-
dues and very short fibers before spinning. Simpson (1978)
reported that strength of the O-E yarns from double-carded
sliver is greater than from single-carded sliver.

The use of Crosrol web cleaners at the card, and card
autolevelers, were examined by Vila et al (1982). Auto-
leveling at the card increased the tenacity and breaking
elongation of yarns spun in a BD 200 rotor frame, but only
the elongation of yarns from a Sissen machine, however, con-
ventional two-stage drawing improved yarn evenness and re-
duced the incidence of slubs and other imperfections. The
sequence recommended by Borzunov and Puzanova (1978), who

used a BD 200-M-69 machine is: tandem carding with a web



crusher and drawing zone, followed by a single drawing.

Uniform card sliver is necessary to produce strong yarn
(e.g., Plitzschler, 1976). Nep formation in carding was
found to be lower in Indian Sujata and Hybrid 4 cottons when
compared with’two imported varieties (Giza 45 and Sudan
XG2VS). When the fibers were combed, thever, the imported
cottons produced stronger and more even yarn.

Several other investigators have examined the effect
of combing on rotor spinning, mostly using long-staple cotton.
Artzt and Hehl (1978) made a comparative study of ring- and
rotor-spun yarns from combed and carded sliver. .The effects
of sliver fineness, fiber strength, and combing on the pro-
perties of the yarns were all evaluated. Results suggested
that quality criteria which necessitate combing for ring-spun
varns do not apply to rotor-spun yarns, and that the quality
of rotor-spun yarns is not adversely affected by a certain
proportion of short fibers. Knitted fabrics made from carded
rotor yarn were comparable in most properties with those made
from combed ring yarn, except that the hand of the rotor yarn
was subjectively judged as being harsher (Bruno, 1980).
Gupte et al (1981), studying four Indian cottons on a Platt
Hartford comber, showed that all the important fiber length
parameters such as mean fiber length, short fiber percentage,
and dispersion percentage can together explain almost all the

variations taking place in yarn strength after combing.



2.2.3. Sliver Weight and Spinning Draft

Open-end methods have the general advantage of allowing
very high draft and enabling yarn to be spun direct from
sliver. Drafts in the opening zone of about 100 are con-
sidered optimal for a BD 200 S machine (Audivert and
Castellar, 1981). Drafts exceeding 300 are feasible as long
as the delivery speed from the drafting system is high enough
(Krause and Soliman, 1970). With a yarn withdrawal speed
of 120 m/min they processed 4 kilotex sliver with a draft
of 363. This maximum feasible draft is reduced at shorter
staple lengths (Frey, 1974). As an example, Starodubov
(1981), studying yarn formation during mass piecing-up on
BD 200-M-69 machines, concluded that 18.5 and 50 tex (Ne 32
and 12) cotton yarns could be produced from a 3.7 ktex (52
gr/yd) sliver with a fiber length of 30 to 31 mm.

Very high dratt causes uneven yarn and excessive end
breaks. Finer sliver is recommended in spinning fine yarns
(Landwehrkamp, 1979). For a yarn count of 33 to 100 tex
(Ne 6 to 18) a sliver weight of about 4 ktex (56 gr/yd) is
needed; for yarns of 25-33 tex (Ne 18 to 24) a sliver weight
of 3.4 ktex (48 gr/yd) and for finer yarns of 20-25 tex (Ne
18 to 30), a sliver weight of 2.5-3 ktex (35 to 42 gr/vyd) 1is
recommended in order to avoid excessive drafts. Likewise,

a formula for predicting yarn evenness developed by Seshan
t al (1979) shows opening-roll draft as one of the three

chief components of yarn irregularity.






