ABSTRACT

Jones, Jeremy. Abrasion Characteristics of Ring-Spun and Open-End Yarns. (Under the
direction of Dr. Pam Banks-Lee and Dr. William Oxenham.)

In the early 1980s, widespread clams in the knitting industry suggesting that the use of
open-end yarns sgnificantly increased the wear of mechanicad components, especidly knitting
needles. Since then, many studies have atempted to explain this phenomenon and have yielded
widdy varying results.

A study was conducted to compare the yarn properties of openend yarn to ring-spun yarn.
Identicd yarns of varying parametersincluding yarn type, yarn count, and twist multiple were
produced from the same raw cotton stock to diminate variability in raw materid. These yarnswere
tested for abrasiveness on a Lawsor-Hemphill CTT (Continuous Tenson Trangport) tester. The
device passes the yarn over awire and records the length of yarn required to sever the wire.

For this study the CTT was encoded to abrade afixed length of yarn over thewire. The
wire was then observed with both a Hitcahi ESEM (Environmenta Scanning Electron Microscope)
and adigitd imaging microscope. The resultant images were examined for attrition and the aborasion
vaues were evduated usng datisticd andyss.

It was confirmed that an increase in yarn count corresponded to a decrease in abrasion.
Twist multiple had a noticesgble effect on abrasion dthough the trends between yarn types, and yarn
counts were inconsistent. Open-end yarn abrasion values were only dightly greater than tharr ring-

Spun counterparts, contradicting the clams of the knitting industry.
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1 Introduction

The basisfor this research resulted from widespread claims from the knitting industry that
the use of open-end (OE) yarns significantly increases wear on mechanical components, specificaly
knitting needles components. In the early 1980s there was “a degree of panic in the US knitting
industry, with reports of needle failure in 4- 10 weeks when working with OE spun yarns, as
compared to areplacement life of 6-12 months when knitting conventiond ring spun yamns’ [1].
Many attempts to explain this phenomenon have been made with the most popular explanation
faulting the abrasiveness of open-end yarns in comparison to their ring-spun counterparts.

The root cause of thisincreased mechanica wesr is of consderable interest to textile
meachinery manufacturers and fabric producers since the margin of profit in the textile industry is
quite smdl. The expense of prematurdly re-needling knitting machines can noticesbly impact the
operationd cost of the facility. Equipment manufacturers continuoudy strive to develop machinery
to reduce mechanical wear and increase profitability [2].

The god of this research isto determine how the characterigtics of yarn type, yarn twist and
yarn count influence yarn abrasiveness. In order to ascertain the characteristics of yarn that affect
abrasion of a surface, a study was conducted to compare open-end and ring-spun yarns made from
identica cotton stock. The twist multiple varied from 3.5 to 5.5 in increments of 0.5 and cotton
counts (Ne) of 10, 20 and 30 were selected.

This research endeavorsto illustrate the aborasion characteristics of different yarn types, szes

and twist levels. The open-end yarn type was expected to be more abrasive than ring soun yarn.



Thisis due to the bulky, stiff nature of open-end yarns as well as the coarse hand, or fed, of the
fabric produced from these giff yarns.

Astheleve of twist was increased, the leve of abrasion was dso expected to increase.
The increase in abrasion was expected since the stiffness of ayarn increases astwist increases. A
maximum level of twist was expected to be reveded snce an indefinite increase in yarn twist will
cause the fibersin the yarn to break, considerably weakening the yarn and decreasing its stiffness.

Findly, finer yarns were expected to wear more quickly than larger yarns. Thiswas
anticipated since finer yarn was expected to have a smdl, focused, and well-defined area of

abrasion whereas the larger yarn would Smply ride over the wire resulting in much less attrition.



2 Literature Review

Abrasion is defined as “the process of wearing down or rubbing away by means of friction”

[3]. Theissue of yarn abrasion has been defined both as the attrition of yarn upon itsdf or another
surface, and the resistance of yarn to suffer damage when abraded upon asurface. Factors
bdieved to affect yarn atrition include the following:

Yarn Friction [4, 5]

Yan Type|[2]

Twig multiple [4]

Hairiness[4]

Contaminants[2, 6, 7]

2.1 Yarn Friction

Yarn friction is a property which influences yarn abrasion. Friction is “the rubbing of one
object or surface againg another” [8]. There are saverd different types of abrasion that occur in
yarn. Theseinclude yarn-to-yarn and yarn-to-surface friction [5, 9, 10]. Jeddi and Sheikhzadeh
[9] performed a study that examined the wear of ayarn againgt an abrading materia (latch needle).
They concluded, “that when the friction between the yarn and the abradant increases the aborasion
resistance decreases’ and that their results are “in line with findings of El Gaiar and Cusick, who
found that abrasion resstance is high for afabric with alow coefficient of friction” [9].

In comparing yarn-to-yarn sdf abrasion Chattopadhyay and Banerjee found that ring-spun
yarns have the lowest yarn-to-yarn friction value regardiess of the type of fiber used in the yarn

congtruction or the speed of the yarn passing over itsdf [5]. The reason for the lower leve of



friction in ring-spun yarns, “may be ascribed to their smooth surface character” [5]. Rotor-spun
yarns, “with a predominance of belts on the rotor yarn surface, being perpendicularly disposed, are
likely to enhance friction” [5].

In consdering friction versus linear density, “the increase in friction for al types of cotton
yarn with a decrease in linear dengity can be attributed to alarger area of contact between the yarns
or between the yarn and the guide” [5]. Thislarger areaof contact isaresult of areduction in the
flexurd rigidity of the yarn, causing it to bend more [5]. Chattopadhyay and Banerjee State, “asfar
asfriction between yarn and a guide is concerned, ring-spun yarns show the highest friction,
followed by rotor- and friction-spun yarns for cotton and viscose fibers’ [5] (Emphasis Added).

When studying cotton blend yarns, Barella et. d.state as the proportion of cotton in the
blend increases, the loss of matter during aorasion appears to affect mainly the cotton [4]. “In
addition, the ring-spun yarns are affected most by this phenomenon” [4]. It can be Stated that ring-
Spun cotton yarns are mogt likely to lose matter during dorasion.

Although many studies have been performed that focus on the resstance of yarn to abrasion
[4, 9, 10], rdatively few studies have focused on the actud dorasion of the yarn on another surface
[1, 5]. Thosethat have broached the topic yield varigble results. Some cite impuritiesin OE yarns

asthe culprit [3, §].

2.2 Yarn Type

Different processes can be used to create yarns that have the same linear density. The

method used to twist the fibersinto yarns can vary dramatically. Two popular processes for



producing yarns are ring Spinning and opertend spinning. These yarns may have the same linear

dendties and twist multiples, but differ Sgnificantly in fiber orientation within the yan.

2.2.1 Ring-spun yarns

The ring-spun yarn production method has been in use for over “150 years and comprises
the greatest share of yarns manufactured today” [11]. The method used to produce ring-spun yarns
is“aseries of operationsin which amass of entangled fibersis transformed into arope-like
structure in which the fibers are more digned than in the entangled mass; the rope-like structure is
twisted to bind the fibers™ [11].

Modern machinery creates the yarn by drafting aroving of cotton fibersto a preset linear
dengty, twisting the yarn with aspindle and atraveler. Theresult isayarn with ardatively pardld
core, increasing in twist level asthe surface of the yarn isreached. The Structure of the yarn “may
be characterized as an assembly of helicaly arranged, well-digned fibers with a hairy surface” [5].

Anillugration of this processis shown in Figure 1.



Drafting Zone

Figure 1 - Ring spinning Technique [13]

The Roving entersthering-spinning frame from thetop left corner of thefigure. It isthen drafted
toapreset linear density by three setsof rollersand twisted through therotating action of theyarn
cop and thetraveler. Theyarn issubsequently wound onto alarger packageillustrated by theyarn
conein thisfigure.

2.2.2 Open-end spun yarns

Open-end or rotor-spun yarns are created through a process thet is fundamentaly different
fromring pinning. The diver iscompletely disassembled into individud fibers, which arefed into a
rotating chamber. The fibers are individudized “by means of asmdl feed roller to arapidly rotating
bester that is covered with wire points. This beater detaches fibers individualy from the diver and
projects them into the airstream flowing down the delivery duct. The fibers are deposted ina V-
shaped groove dong the sdes of alightweight rotor. Fibers from the side of the rotor are “peded
off” to join the “ open-end” of aprevioudy formed yarn. Asthefibersjoin theyarn, twist is
conveyed to the fibers from the movement of therotor. A congtant stream of individud fibers enters

the rotor, is digtributed in the groove, and is removed after becoming part of the yarn itsdf” [11].



A much thinner strand of fibers collect in the perimeter of the chamber via centrifugd force.
One end of the strand of fibersis pulled from the rotating chamber, which imparts twist into the
grand of fibers, cregting the yarn. Astheyarnis pulled from the chamber, more fibers are randomly
laid in the perimeter of the chamber. A percentage of these fibers become trapped in the yarn asiit
is pulled from the chamber. Because these fibers are added to the yarn after it has been patidly
twisted, fibers on the surface of the yarn contain less twist than those in the center of theyarn. As
the yarn is pulled through the navel of the rotor, there isagreat potentid for the loose fiber to wrap
crcumferentialy around the yarn. The result is ahighly-twisted yarn core covered with fibers of
widdy varying twist angles, partidly covered by tightly bound by “wrapper” fibers. Anillugtration

of this processis shown in Figure 2.



Yarm cona

Dpening roller
Rotor

Cleaning

Figure 2 - Rotor spinning technique [13]

Sliver ispulled from the orange can and passes through the feed mechanism in the OE spinning
frame. Thefibersareindividualized by the opening roller and ar efed to therotor through atapered
duct. Thenewly created strand of fiber ispulled from therotor and wound onto theyarn cone.

Chattopadhyay and Banerjee define the structure of rotor yarn as “an assembly of
disorderly arranged twisted fibers. . .the yarn surface contains many wrapper fibersin the form of
sheaths and belts (i.e. tightly wrapped perpendicularly disposed fibers)” [5]. Because of the

random placement of the fibers added after the yarn is partidly constructed, the leve of twigt in the



surface fibers dong the length of theyarnisincongagtent. Theyarn is characterized by regions of
highly-twisted “wrapper” fibers dong with regions of much more pardld fibers.

The abrasion resistance of open-end spun yarn has been examined in both yarn and fabric
structures. Chand concluded that as ayarn, “ The abrasion-resistance of rotor-spun yarn must be
lower than that of ring-spun yarn because of the poor wrapping of the fibersin the outer layer of

rotor-spun yarn” [12].

2.3 Twist Multiple and Hairiness

Gengrdly, the hairiness of ring-spun yarns decreases with increasing twist multiple [5]. The
English twig multiple (TM ) and hairiness are discussed in the same section because these
characterigtics are interrdlated. Also, Chattopadhyay and Banerjee confirm, “the hairiness of [rotor]

yansislessthan that of ring-spun yarn” [5]. This obsarvablefact isillustrated in Figure 3.

Figure 3 - Comparison of OE yarn (left) and ring yarn (right) [2].

The OE yarn isidentified by thewrapper fibersthat randomly cover the surface of theyarn. The
fibersin ring-spun yarn, in comparison, are helically arranged and are not subjected to thewrapper
fiber phenomena.

Asfar asfriction and twist are concerned, “it iswell known that twist changes the surface

character of yarn. Hence, yarns were spun at different levels of twist to study its influence on
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frictiona behavior. With the increase of twigt, areduction in [yarn-to-yarn] frictiond force for both
ring- and rotor-spun yarnsis observed” [5].

A study by Bardla, et d. [4] examined yarn attrition by sdlf-adorasion. They attributed their
resultsto yarn hairiness. The yarnsin the study conssted of ring and openend spun 70/30 and
50/50 polyester/cotton blend yarns. The “hairs’ were separated into two categories of greater or
lessthan 3mmasshownin Table 1. Barela, et d. observed, “for ring-spun yarns, when the twist
increases, the number of hairslonger than 3 mm decreasesrapidly. The corresponding decreaseis
less marked for rotor-spun yarns. The number of hairs shorter than 3 mm is dso affected by the
twist increase, but the change is more gradua and depends on the degree of order exigting in the
yarn. Rotor-spun yarns are proportiondly less affected than the more-ordered ring-spun yarns’
[4].

Table 1 — Effect of Twist on Yarn Hairiness[4].
Thisisan illustration of one of several studies concerning yarn twist and hairiness. Theyarn used

was a 50/50 cotton/polyester yarn with alinear density of 40 tex. Hairiness values decreased as
twist increased, for all theyarnsin the experiment.

Spinning Process Twig Multiplier 28.7 335 38.3 45.3
turng/om (tex) 2
Ring Spinning hairs <3mm 227 223 185
hairs >3mm 25 16 9
Rotor Spi nning_; hairs <3mm - 93 75 68
hairs >3mm - 18 15 12

Table 2 - Effect of twist on Yarn Hairiness converted to unitsof TM ¢

Converting the values of twist multipleto the English system allows a direct comparison between the
values of twist used in thisstudy. A 40tex yarn isequivalent to 14.76 Ne.

Spinning Process Twig Multiplier 3.0 35 4.0 4.73
turnsfin

Ring Soinning hairs <3mm 227 223 185
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hairs >3mm 25 16 9
Rotor Spinning hairs <3mm - 93 75 68
hairs >3mm - 18 15 12

The results of Bardllal s work demongirate the generd trend that as twist multiple increases,

harriness decreases. In generd the totd number of hairsin ring yarns are nearly double that of

opentend yans. A graph of these resultsis shown in Figure 4 and illugtrates the fewer number of

hairs present in openrend yarns. This graph aso shows how the number of hair istherotor yarn is

decreasing a amuch lower rate than that of the ring-spun yarn.

300

250

200

150

100

Total Number of Hairs

a1
o

25

30

Twist Multiple (turns/cm (tex)

35

40 45
1/2)

Figure 4 - Graph of number of hairsvs. yarn twist [4]

50

——Ring
—— Rotor

A graphical representation of thedata shown in Table 1. Thehairinessof both yarn typesis
decreasing although the overall number of hairson therotor yarn isapproximately half that of ring

yarn.
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Jeddi and Sheikhzadeh [9] examined yarn-to- surface abrasion resstance and the influence
of yarn twist and stated “the results of twist multiplier as an internd factor show anincreasein
resistance to abrasion when this factor incresses. The trend of thisincreaseis first dow and then
rgpid, and from a certain twist multiplier onwards the increase in abrasion res stance dows down.”
They suggest “that the congtruction of yarn with twist less than a certain region of twist multiplier, as
areault of aorason forces, will suffer deformation, and the yarn rupture will be caused by dippage
of fibres through the body of the yarn, but rupture of the yarn which has atwist multiplier more than
the certain region will occur by breskage of fibres in the yarn congtruction” [9]. Jeddi and

Shelkhzadeh [9] applied the term “twigt limits’ to this region.

2.4 Knitting Needle Wear Effects

In this study the effects of yarn wear on knitting needlesis of primary interest. On atypica
knitting needle, the most visihle Sgns of wear are at the hook tip, latch spoon, latch hole and rivet
[6]. Groz-Beckert has performed extensive research in the area of knitting needle wear [13]

effects. Some effects of their research is provided.

2.4.1 Contaminants

Evans[1] saesthat the problem of substandard OE yarn is due to “the ability of the OE
system to spin yarn from lower grade cotton containing relatively short fibres to produce an
acceptable yarn. The contaminants in OE spun yarns were reported by W. J. Naarding in 1976 to
conss of ‘fibre fragments, vegetable particles and microdust’. Once these are incorporated into the

yarn it becomes very abrasive and accelerated wear occurs [1].
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Groz-Beckert aso cites yarn contamination as a mgjor contributor to needle wear [13]. An
illugration of the sarvice life of needlesis shown in Figure 4. Open-end and ring-spun yarns

containing no impurities result in little needle wear whereas impurities cause open-end yarnsto be

more abrasive than ring yarns by a factor of four [13].

-

e s s e e e e =

Sarvice Life Of Neadlas |

=

[ ] OE Yarn El High incidence of impurities
[] Ring-Spun Yarn El no impurities

Figure5 - GrozBeckert evaluation of impuritiesand needle wear [13]

Groz-Beckert determined that the service life of needlesisnearly identical between ring and rotor
yarn samplesthat have no yarn impurities. The addition of impuritiesto theyarn showsa dramatic
decreasein needlelifefor the OE yarn. Theneedlelife of OE yarn with impuritiesis approximately
one-fourth that of ring-spun yar n with the same level of impurities.

“The pogition of the abrasive particlesin the yarnis of decisve importance in determining
the degree of wear. A particle attached to the surface of the yarn will clearly exercise the most
serious aorasive effect. Y arns manufactured using the OE spinning method tend to demondrate a
greater degree of dust on the yarn surface” [13]. The increased number of abrasive particles on the

yarn surface of open-end yarn directly relates to the decreased service life of needles.
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Groz-Beckert sates that yarns with “alarge number of minera and vegetable particleson
the surface of the yarn cause alarge number of impurities to act on the stitch-forming eements

resulting in a high degree of needle abrason and shorter needle life[13].

2.4.2 Wear on needle hook and latch groove

Figure 6 - Wear on needle hook and latch groove [13].

Theareashown in red issubject to wear when thelatch closes. After a significant number of
repetitions, the needle will wear to the point that the latch will dip beneath the hook. When this
situation occurs, yarn can no longer side over the hook and will continue to accumulate beneath the
hook.

Groz-Beckert [13] states that dorasive particles can play amgor role in the wear on needle
hooks and latch grooves. Cotton fibres can contain varying degrees of impurity “depending on
where they are cultivated, the harvesting method, westher conditions and gin trestment (cleaning

process after harvesting). Some cotton is contaminated by sand dust which is not diminated by the
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preparations for spinning and during the spinning processitsaf, the inevitable result is wear, not only
of needles but dso of yarn carriers, snkers, cylinders and cams’ [13].

“This dorasive effect can be minimized by careful sdection of raw materids and intensive
purification and dust remova during preparation for spinning and during the spinning process.
Where particles such as oxides or slicates which are harder than needle stedl are carried on the
surface of aspun yarn, the needle surface will become scratched, inevitably resulting in abrasion of

the needle materid” as shownin Figure 7 [13].

Figure7 - Abrasion of Needle Material [13]

Particlesin theyarn, which are harder than the needle, scratch the needle surface. Yarnswith the
greatest number of these particlesyield the greatest needle wear .

“Abrasive particles accumulate a the points marked in red. In this example these are the

latch groove and the hook. With every closing movement the latch makes impact with the hook. As



aresult of the gpplied pressure level and the friction, the needle sted isworn by the particles as

illustrated below” [13].

New hook Worn hooks

Figure 8 - GrozBeckert hook wear effects

Thehook of a new needleisalmost perfectly conical at thetip. Asthelatch wearsthetip of the
hook, the area of the needletip isreduced.

2.4.3 Abrasion on the back of the latch and latch seat

16

Figure9 - Abrasion on back of latch and latch seat [13]

“The same effect isincurred when the latch opens and impacts the latch seat” [13].

Abrasive particles remaining on the back of the latch or in the latch seat are forced into the metd in

the locations indicated in red. The particles wear the metal resulting in ether alatch or seet failure,
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Once the latch becomes level with the seet, the yarn cannot dide the latch back into the hook. The

result is dropped ends, which appear aslinesin the fabric.

2.4.4 Abrasion on the latch guide and latch bearing

Latch bearing

———
———

Figure 10 - Abrasion on thelatch guide and latch bearing [13]

“Dirt particles are dso able to gain access to the dot between the latch shank and the
cheek, and aso between the rivet and latch hole” [13]. The combined action of the latch movement
and the abrasive particles causes the wear of the rivet and latch hole [13]. This wear can cause the
latch to dip past the hook or below the latch seet resulting in ends down or unintentiona stripesin

the fabric.

2.4.5 Summary

Groz-Beckert [13] attributes the wear of latch needles to abrasive particles that grind the
meta surfaces of the needles. Y arns containing more abrasive particles are respongble for needle
wear. The particles respongble for needle wear are the oxides or slicates carried on the surface of
the yarn, which are harder than needle sted and scratch the surface of the needle. This scratching

resultsin the inevitable aorason of needle materid [13].
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3 Methodology

3.1 Objective

The objective was to sudy the effect of various yarn parameters on needie wear. The
parameters that were studied include ring and opentend yarn types, twist levels within the yarns and

yan size.

3.2 Materials

Y arns were produced from cotton grown in North Carolina. The average upper quartile
length (UQL) of the four cotton bales was 1.14 inches. The short fiber content (SFC) was 30.8%
(by number). The experiment required 15,000 meters of the 22 different combinations of yarn
shownin Table 3. The cotton stock wasidentical for both the open-end and ring-spun yarns.
Table 3 - Yarn Parameters
Theyarnsin thisstudy wer e selected to deter mine the effects of abrasion over awiderange of

variables. In thiscase, threedifferent yarn counts, five different twist multiplesand two distinct
yarn typesare under evaluation.

Soinmning | Yarn Count Twig Multiple (TM )

Method (Ne)

Ring-Spun 10 4.0
20 35 4.0 4.5 5.0 55
30 35 4.0 4.5 5.0 55

Open-End 10 4.0

Spun 20 35 40 45 5.0 55

30 35 4.0 4.5 5.0 55
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3.3 Equipment and Procedure

Both fiber processng and andytica equipment were used to complete thisresearch. In
order to produce yarns for the experiment, equipment in North Carolina State Univerdity Short
Staple Fiber Processing facility was used. Anaytical equipment was used to measure yarn abrasion

and surface wear.

3.3.1 Yarn Processing

The cotton bales were hand opened and placed in the Rieter B3/3R mixing opener. The
Rieter ERM cleaner model B5/5 opened the fiber and a Rieter C4 card processed it into diver. The
diver was subjected to two passes on a Rieter RSB851 drawframe and equa masses of fiber were
evenly split between the open-end and ring-spinning processes.

The diver dlocated to the ring-pun yarn was processed into roving using a Saco-Lowel
roving frame. A Saco-Lowdl ring-spinning frame with SKF drafting produced the ring-spun yarn.

The remaining 50% of diver was used to produce yarn on the Rieter R1 open-end spinning frame.

3.3.2 Analytical Equipment and Procedure

The equipment used in the experiment consisted of a Lawson-Hemphill CTT (Continuous
Tengon Transport) equipped with Belden® 8057 34 AWG Hookup-Lead Magnet copper wire
(Full specifications are availablein Appendix B). Experiments were performed on a Lawson
Hemphill CTT (Continuous Tenson Trangport) tester. A yarn was threaded through the machine

and passed over ametd wire until the attrition suffered by the wire caused it to sever. The distance
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of yarn required to sever the wire was recorded, indicating the amount of abrasion between the yarn

andwire. A diagram of the yarn path is shown in Figure 11.

Copper Wire

Yarn

Figure 11 - Yarn path over copper wire

The copper wireisinitially horizontal. Theyar n ispassed over thewireand tension isapplied. As
tension increased, the copper wirebows down into the shapeof a“V”. Theyarn also assumesthe
shapeof a“V”. Theyarn isthen placed into motion and rubs over the copper wirefor either a
preset length, or until thewire severs.

Initidly the wire was entirely horizontal. The experimenta yarn was threeded over the wire
and tension was gpplied. The tenson caused the wire to droop and the yarn rested in the “v” of the
wire. The yarn was subsequently passed over the wire and remained in the same position on the
wire throughout the entire experiment.

Although the experiment can be designed to run either until the wire breaks or a preset
length of yarn is exhausted, the initia experimenta design required continuous operation of the CTT
until the wire was severed. Seventy-two attempts at achieving a suitable wire break yielded only 26
suitable data points, most of which were not reproducible. The entire set of initid experimentation is
available in Appendix A.

The most common cause of error was due to individud fibers wrapping around the wire,

resulting in artificidly inflated abrasion lengths. The second most common problem was dubs or
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thick placesin the yarn that would snap the weakened wire rather than sever it, prematurely
terminating the experiment.

The buildup of fiber during the yarn-wire abrasion increased as the wear of the wire
increased. In order to circumvent the problem, the experimenta design was revised to subject the
wireto afixed length of attrition, which was sgnificantly shorter than the length required to sever the
wire. The wirewould then be analyzed for abrasion with an electron microscope. The drasion
length initidly chosen was 1000 meters (m). Viewing the wire with the SEM illugtrated the need to
subgtantidly increase the aorason length. A length of 3000 m was subsequently selected.

Once each sample of wire was produced, a Hitachi ESEM (Environmental Scanning
Electron Microscope) was used to investigate the abrason. An image of the wire produced by the
SEM isshownin Figure 12. The image appears as along cylinder of dark, non-reflective materid
with asmdl bright, white region. The dark materid is anylon polymer coating, which does not
reflect the eectrons to the viewer and makes the region appear dark. The exposed copper wireis
metalic and highly reflective. Thisregion gppears bright whitein the viewer. The dorasion
observed congists of coating stripped from the wire aswell as metd stripped from the copper core.

Wire attrition isindicated by the concavity of the copper surface.
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Yarn abrasion
region

Polyurethane/n
ylon wire
coating

Figure 12 - Typical Result of Yarn-to-Wire Abrasion

Thecylinder in thispictureisthe copper wireasseen with the SEM. Thedark part of thewireisa
polyur ethane/nylon coating which does not reflect the electron beam to the detector. The bright
whiteregion isthe copper that hasbeen exposed through yarn abrasion. Thereisan impression in
the copper that indicateswear. Note the coating hasnot been removed from the bottom of thewire
sincethisregion does not contact theyarn.

In order to determine whether the type of attrition suffered by the wire was related to the
type of attrition suffered by aneedle, actua samples of needles were collected from a 16-needle
circular knitting machine. The knitting machine was to be operated for a sandard period of time
and the needle was to be removed and observed for wear with the SEM. Animage of anew
knitting needleis shown in Figure 13.

The length of time in which to operate the knitting machine was to be determined
experimentally. A 1986 Magter’s Thesis by Steve Ward stated the number of hours a knitting

needle was expected to last in a Union Underwear plant was 2880 [6].
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Figure 13 - SEM image of an unused knitting needle

A new knitting needle has a very smooth surfaceand a conical tip. Astheneedleisused, aridge
formsin itstip asthelatch strikesits surface.

Although the SEM images provided a means to qualitative identify yarn dorasion, a
quantitative method of examining the wireswas desired. A revised study was developed to obtain a
greater number of data pointsin the set. Since the yarns produced for the first analysis were
exhausted, an additional set of yarns were produced from the same cotton bales and tested on the
CTT. Fiverepeats at 3000 meters per data point were tested. The repeats were required to
develop satidticaly sgnificant values.

The abraded wires were then examined with a digital microscope known asa

Microwatcher®. The length of wire was placed under the lens and rotated until a minimum cross-
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section was observed. The image was captured with adigitd video card and an exampleis shown
inFgure 14

The length of the minimum cross-section was measured in units of pixels. The origind width
of the wire was aso measured in order to determine the ratio of the abraded wire width to the
origind width of thewire. Thisvadueis referred to asthe percent remaining. Subtracting this value
from unity (1) yielded the percent of wire abraded, which is the value reported on the charts and

graphs. Ultimately, five of these values were obtained for each yarn and the averages were

reported.

Yarn abrasion
region

Polyurethane/n
ylon wire
coating

Figure 14 - Typical image observed from the Microwatcher ®

TheMicrowatcher® isalight microscope combined with a video camera. Theimage showsthe
gold-colored polyur ethane/nylon coating and a bright silver region representing the abraded
copper metal beneath the coated surface.
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3.3.3 Statistical Analysis

Oncetheleve of aorasion was recorded for each sample of each yarn type, the datawas
anadyzed on Minitab® Statistical Software, Release 13.1 [16]. Theyarn type, yarn count and yarn
twist were inserted into the program. Since the software requires numerica data, the yarn type was
changed from OE to “1” and from ring-spun to “2.” This convention will follow throughout the deta
andyss.

The firgt andysis that was performed was a to determine the normdity of the data using the
mean, standard deviation, and confidence. These values were calcuated using Microsoft Exce®.
Points thet fell outside the confidence were diminated.

Once the data was refined, alinear regresson was performed. The p-vaue of yarn type,
yarn count and twist as well asthe R-square vaues were obtained from the anayss. P-vaues that
exceeded a 95% confidence were removed from the analysis and the regression was repested.
Also, snce ring-spun and open-end yarn has widely varying structures, regressions were individualy
performed for each group.

Additiondly, Minitab® provides an equation that caculates the expected, or “fit” values
based on the data. These vaues were recorded and plotted against the mean of the actua valuesto

determine how closely the actua data fits the expected vaues.
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4 Resaultsand Discussion

The intended operation of the CTT requires a package of yarn to run over awire until the
wireissevered. In order to assess the variability in the process, the procedure was standardized
with 10 Ne, 4.0 TM, open-end yarn. Once an acceptable level of variability was obtained, the test
was repegted for the entire set of experimental yarns. Recorded for each test was the following:

trid number

date

time

yan type

Ne

TM,

test velocity

room temperature
reldive humidity
input tenson
output tension
length required to break
comments

4.1 Original Experimentation

Complete results of the origina experimentation are available in Appendix A

. Initid experimentation revedled afatd flaw in testing yarns with ahigh SFC using the
CTT. Yarn congructions wherein fibers easily separated, such as those with alow TM,, dlowed
fibersto become tightly wrapped around the wire. This impenetrable layer of wrapped fibers
insulated the wire from subsequent abrasion by the yarn. An image of this phenomenon can be seen

in the SEM micrograph of the 10 Ne, 4.0 TMyanin Figure 15.
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In order for wire abrasion to continue, the yarn must abrade through the layer of wrapped

fibers. In many cases the extralayer of wrapped fibers was never penetrated. This occurrence

appeared most prominent in heavier count ring-spun yarns with alow TMe.

Cotton fiber

Figure15- 10 Ne, 4.0 TM . yarn encircled with fiber during testing

Duringinitial testing, the greatest detriment to severing the copper wirewas cotton fibersthat
wrapped around the surface of thewire and ceased further abrasion. Shown hereisa severe
example of this phenomenon.

An example of the entangled mass of fibers wrapped around the wireis shown in Fgure 15.
This layer of fiber, formed between the yarn and wire, is essentially impermeable and causes wire
attrition to cease. Initialy no fibers were wrapped around the wire. Astesting progressed, hairson
the bottom of the yarn followed a path under the wire. These hairs attracted those that passed over

thewire. Asthe base of the hair reached the wire, the tip of the hair was pulled in an opposite
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direction to the movement of the yarn. Thisreversd of direction hooked the fiber around the wire
and initiated the wrapping process.

Theimeagesin Fgure 16 illustrate how a smal number of fibers are required to insulate the
wire from yarn abrason. In each case the image gppears to contain only one fiber, which wraps
around the white area of dorasion gpproximately three times. The addition of only afew more fibers

would completely encircle the aorasion region, rendering the experiment void.



29

Individual
cotton fibers

Hook

Figure 16 - Fiber wrapping: Relation of fiber toyarn

Shown aretwo images of abraded wirethat arewrapped with at least onefiber. Even onefiber
between theyarn and the wire can negatively impact abrasion, returning a superficially low yarn
abrasion value.
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Although the layer of fiber wrapping around the wire was a Sgnificant problem in the wire
experiment, the Stuation was not observed in the operation of the knitting machine. Theyarnina
weft knitter travelsin both tangentid aswell as transverse directions across the needle. The
relatively complex motion of the yarn on the needle dlows the yarn to dide any wrapped fibers off
the needle before fiber buildup can occur. An experiment was devised to confirm this observation
aswell as to determine the location of atrition suffered by a knitting needle.

The experiment required the operation of the circular weft knitter for afixed period of time.
A needle would subsequently be removed and examined under the SEM for attrition. In order to
determine the gopropriate runtime an initid evauation was performed. Theinitid evauaion
required examination of the needle after one hour of knitting machine operation. Once asuitable
level of attrition was achieved the needle could be examined for wear usng the SEM.

Three needles, shownin

Figure 17, were examined with the SEM:

1. Anewnede
2. A needlewith 1 hour of knitting dorasion
3. A neaedlewith alarger, unknown amount of abrasion

The new needle had no Sgns of abrasion on the hook. It appeared very smooth and
contained asmall particle of dirt onitstip. The needle containing one hour of abrasion time was
very dirty, covered with the vegetable matter that separated from the yarn. No visible wear was
apparent on the hook surface. The needle with unknown abrasion time was nearly as clean asthe
new needle. It reveded avery smdl indentation in the surface of the hook asthe only visble sgn of

atrition.
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The amount of attrition suffered by the needle was visbly indgnificant after one hour of
knitting time. Even if the knitting time was substantidly increased, the level of aborasion between
needle samples would require avery precise measuring method to determine differencesin attrition.
Such ameasuring method could not be produced for this study. In addition, the knitting time and
yarn supply required to produce atisticaly sgnificant needle samples were prohibitive. In order to
give an indication of the amount of time required to wear out aneedle, aMaster’s Thesis by Steve

Ward gtates that a Union Underwear plant expects their Groz-Beckert needles to last 2,880 hours

[6].
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(@ New knitting needle (0 hrsknitting time)

(b) Experimental knitting needle (1 hr. knitting timewith OE spun 100% cotton yarn)

(c) Knitting needlewith extended (unknown) number of knitting hours.

Figure 17 — SEM micrographs of needle hook wear

Thenew needle (a) showsno signsof wear. After onehour of abrasion, needle (b) also showsno
signsof wear although hook iscovered in vegetable matter and one can seethelocation wherethe
latch strikesthe hook. Even a needlewith an extended number of knitting hours (c) hasonly a
very dlight impression wher ethe latch contacts the hook.
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4.2 Revised Experimentation

Since it was revealed that abrasion comparisons on actud knitting needles would be
prohibitive, arevised experiment employing the CTT was devised. Whilethe CTT wasin
operation, it was observed that the buildup of fiber was most severe after the groove in the wire
became prominent. Fiber buildup remained a problem preventing abrason indefinitely. A new
experimenta procedure was developed to minimize this phenomenon. The revised procedure
reduced the length of yarn required for the test to 3000 m. This length was sufficient to obtain
visble variances in wire abrason and significantly decreased the condition of fibers wrapping around
the wire.

For the revised experiment, there were five repeats per test and twelve unique yarn
combinations. This required the use of Sixty lengths of 3000 m yarn, totaling 180,000 m. The
percent wire abrasion for the Sixty yarn lengthsisgivenin Table 4. Missng cdlsin Table 4

represent samples for which abrasion could not be measured.



Table 4 — Percent depth of yarn abrason recorded from thewire

Theratio of theoriginal and final widths of the copper wirewererecorded, representing the amount
of wireremaining after abrasion. Thisvalue was subtracted from oneto deter mine the amount of

wire abraded by theyarn.

TM | 20Ne N
0.1074 0.1188
0.1235 0.1625
3.5 0.1292 0.1352
0.1199 0.1078

0.1170
0.1017 0.1455
Oé’g* 0.1169 0.1355
4.0 0.1053 0.1279
0.1402
0.1423
0.0964 0.0866
0.1245 0.1393
45 0.1053 0.2337*
0.1040 0.1163
0.1339
TM | 20Ne 30 Ne
0.0802 0.0875
0.1102
3.5 0.1097
0.1319 0.0951
0.1100 0.0717
. 0.1022 0.1345
F;Org] 0.1010 0.1185
4.0 0.0990 0.1356
0.1084 0.1447*
0.0766 0.0926
0.0825 0.0793
0.1199 0.0992
45 0.1232 0.1237
0.1456 0.1288
0.0592 0.0633*
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The mean (Y), standard deviation (s) and 95% confidence for each of the 12 sample

groupsisshown in Table 5. Themeansare dso plotted in Figure 18. From Table 5, it can be seen

that three abrasion values fall outside of the individua group confidence. Since these yarns were

created and tested using identical procedures, there was no known reason for the aborasion valuesto

fal outsde the 95% confidence limits. These vaues are indicated by agar (*) in Table 4 and were

eliminated from future datistica anadysis. Removing the initid missng data (6 points) and the three

outlying values leaves afind data set of 51 data points.

Table5 - The Mean, Standard Deviation and 95% Confidence for each of the 12 groups

Themean, standard deviation and 95% confidence aretoolsthat can be used to deter mine the quality
of thedata that hasbeen recor ded aswell asthe valuesthat exceed preset specification limits.

™ 20 Ne 30Ne |
X = 0.119405 0.13108
35 s= 0.008079 0.023787
Confidence | 0.007081 0.023311
Open- —
Er X = 0.107956 0.138283
4.0 s= 0.007957 0.006823
Confidence | 0.009004 0.005981
X = 0.107535 0.141966
45 s= 0.011954 0.055268
Confidence 0.011714 0.048443
™ 20 Ne 30Ne |
Ring- X = 0.10738 0.094857
Spun 35 s= 0.025932 0.016166
Confidence | 0.029344 0.01417
X = 0.097442 0.125167
4.0 s= 0.01217 0.02048
Confidence | 0.010668 0.017951
X = 0.106072 0.098865
4.5 s= 0.034639 0.028119




| Confidence | 0.030362 | 0.024647 |

Table 6 - Mean abrasion data after normalization
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Themean abrasion dataisuseful for visually representing each group as compared to their expected
values. It helpstoillustrate any trendsthat exist.

™ | 20 Ne 30Ne |
35 X = 0.119405 0.13108
o s= 0.008079 0.023787
en- —
é’nd 4.0 X = 0.107956 0.138283
s= 0.007957 0.006823
4.5 X = 0.107535 0.119023
s= 0.011954 0.023735
™ 20 Ne 30Ne |
35 X = 0.10738 0.094857
o s= 0.025932 0.016166
Sorl?; 4.0 X = 0.097442 0.125167
s= 0.01217 0.02048
45 X = 0.096198 0.107758
s= 0.030819 0.022955
0.16
0.14 = ———=
T 0.12 —
— .
? 01 ———
O
< 0.08
[
8 0.06
o
o 0.04
0.02
0 : :
35 4 45

Twist Multiple (TM)

——OE 20

—=2—0OE 30

== Ring 20
Ring 30

Figure 18 — Themeans of the percents of wire attrition versustwist multiples

Themeans of the percent abrasion values generally follow an increasing or decreasingtrend. The
30 Nering-spun yarn, however isnotably more concave down than therest of the samples.
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No clear trend can be seen when considering al the data represented in Figure 18. The
wire abrason datain Figure 18 was expected to reved trends regarding yarn type, yarn twist and
yarn count. One would expect an increase in abrason astwist increases. Also, as yarns decrease
in count, or increase in fineness, the expected trend is an increase in wire abrason. Furthermore,
one would expect greater wire abrasion from open-end yarns than ring-spun yarns.

In generd, the data did not eadly lend itself to explicit trends. It gppeared that the 30 Ne,
OE yarn was mogt abrasive and aorasion increased dightly astwist multipleincreased. Any trends
from the remaining yarn types are subgtantialy less obvious. It is possible that the resultant aborasion
vaue of the 30 Nering-spun yarn a 3.5 TM was inaccurate due to the propensity of fibers
wrapping around the wire. The 3.5 TM, point is believed to be artificidly low due to the lack of
abrason resulting form wrapper fibers that insulated the wire from the yarn.

Regression analysis was used to further study the data. “Linear regression is used to make
predictions about asingle vdue. Smple linear regresson involves discovering the equation for aline
that most nearly fitsthe given data. That linear equation is then used to predict vaues for the data’
[14]. Or smply, “regresson models are used to predict one variable from one or more other
variables’ [15]. The sngle predicted vaue in this case isthe dorason vaue. The variablesthat can
be used to assess dorasion include: yarn type, yarn count and twist multiple. The regresson analysis
was performed usng Minitab Statistical Software verdon 13.1 [16]. For the purposes of software
andyss, the OE yarn was relabeled type “1” and ring-spun yarn wastype “2.” The complete set

of datardating yarn type, count and twist to observation number is provided in Table 7.



Table7 - Yarn Type Yarn Count and Twist based on Observation Number

Observation| Type | Count Twist Abrasion
1 1 20 35 0.107438
2 1 20 35 0.123482
3 1 20 35 0.129167
4 1 20 35 0.119919
5 1 20 35 0.117021
6 1 20 4 0.101695
7 1 20 4 0.11691
8 1 20 4 0.105263

11 1 20 4.5 0.096436
12 1 20 4.5 0.12449

13 1 20 4.5 0.105263
14 1 20 4.5 0.10395

16 1 30 35 0.11875

17 1 30 35 0.1625

18 1 30 3.5 0.135246
19 1 30 35 0.107822
21 1 30 4 0.145492
22 1 30 4 0.135524
23 1 30 4 0.127932
24 1 30 4 0.140206
25 1 30 4 0.142259
26 1 30 4.5 0.086598
27 1 30 4.5 0.139293
29 1 30 4.5 0.116327
30 1 30 4.5 0.133874
31 2 20 35 0.080247
34 2 20 35 0.131915
35 2 20 35 0.10998

36 2 20 4 0.102249
37 2 20 4 0.10101

38 2 20 4 0.098969
39 2 20 4 0.108384
40 2 20 4 0.076596
41 2 20 4.5 0.082474
42 2 20 4.5 0.119919
43 2 20 4.5 0.123203
44 2 20 4.5 0.14557

45 2 20 4.5 0.059197

38



46

30

3.5

0.0875

47

30

3.5

0.110187

39



Table 7, Continued

48 2 30 3.5 0.109731
49 2 30 3.5 0.095137
50 2 30 3.5 0.07173

51 2 30 4 0.134454
52 2 30 4 0.118503
53 2 30 4 0.135593
55 2 30 4 0.092632
56 2 30 4.5 0.079332
57 2 30 4.5 0.099156
58 2 30 4.5 0.123711
59 2 30 4.5 0.128834

Aninitid regresson andyss was performed on the abrason vaues using type, count, and

40

twist as modd predictors. The following results were obtained from thisinitid regresson anadyss.
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Table 8 - Actual abrasion, Expected abrasion, and Residual for theinitial regression

The observation number correspondsto a specific yarn abrasion sample number. Theactual column
represents measured abrasion. Thefit value was calculated by Minitab® from the abrasion equation
it created and theresidual isthe difference between the actual and fit values.

Obs Actual Fit |Residual
1 0.10744 | 0.11697 | -0.0095
2 0.12348 | 0.11697 | 0.00651
3 0.12917|0.11697 | 0.0122
4 0.11992 | 0.11697 | 0.00295
5 0.11702 | 0.11697 | 0.00005
6 0.10169 | 0.11629 | -0.0146
7 0.11691 | 0.11629 | 0.00062
8 0.10526 | 0.11629 | -0.011
11 0.09644 | 0.11561 | -0.0192
12 0.12449 | 0.11561 | 0.00888
13 0.10526 | 0.11561 | -0.0103
14 0.10395 | 0.11561 | -0.0117
16 0.11875 | 0.12735 | -0.0086
17 0.1625 | 0.12735 | 0.03515
18 0.13525 | 0.12735 | 0.00789
19 0.10782 | 0.12735 | -0.0195
21 0.14549 | 0.12667 | 0.01882
22 0.13552 | 0.12667 | 0.00885
23 0.12793 | 0.12667 | 0.00126
24 0.14021 | 0.12667 | 0.01354
25 0.14226 | 0.12667 | 0.01559
26 0.0866 |0.12599 | -0.0394
27 0.13929 | 0.12599 | 0.0133
29 0.11633 | 0.12599 | -0.0097
30 0.13387 | 0.12599 | 0.00789
31 0.08025 | 0.10037 | -0.0201
34 0.13191 | 0.10037 | 0.03154
35 0.10998 | 0.10037 | 0.00961
36 0.10225 | 0.09969 | 0.00256
37 0.10101 | 0.09969 | 0.00132
38 0.09897 | 0.09969 | -0.0007
39 0.10838 | 0.09969 | 0.00869
40 0.0766 |0.09969 | -0.0231
41 0.08247 | 0.09901 | -0.0165




Table 8, Continued

0.11992 | 0.09901 | 0.02091
0.1232 | 0.09901 | 0.02419
0.14557 | 0.09901 | 0.04656
0.0592 | 0.09901 | -0.0398
46| 0.0875 | 0.11075 | -0.0233
47| 0.11019 | 0.11075 | -0.0006
48| 0.10973 | 0.11075 -0.001
49| 0.09514 | 0.11075 | -0.0156
50| 0.07173 | 0.11075 -0.039
51| 0.13445 | 0.11007 | 0.02438
52| 0.1185 | 0.11007 | 0.00843
53| 0.13559 | 0.11007 | 0.02552
55| 0.09263 | 0.11007 | -0.0174
56| 0.07933 | 0.10939 | -0.0301
57| 0.09916 | 0.10939 | -0.0102
58| 0.12371 | 0.10939 | 0.01432
59| 0.12883 | 0.10939 | 0.01944

&R[B|S

Table 9- Inital table of predictors, coefficients, t-values and p-values

Predictor Coef SE Coef T P

Congant 0.11757 0.03218 3.65 0.001
Type -0.0166 0.005564 -2.98 0.005
Ne 0.001038 0.000556 1.87 0.068

Twig -0.00136 0.006819 -0.2 0.842
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Figure 19 - Initial comparison of mean actual abrasion and mean fit values
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Figure 20 - Initial plot of residualsrecorded for the entire data set

Theinitid regresson equation, from Table 9, is: Abrasion = 0.118 - 0.0166 Type +
0.00104 Ne- 0.00136 Twist. Ther-squarevadueis 21.4%.

The term that indicates the ahility of the equation to predict the abrason valuesisther-
squared vaue (R-50). It isknown that an R-square vaue of 100% is difficult to obtain in the textile
industry because of the inherent variability in spun yarns; therefore vaues from gpproximatdy 75%

are desirable.
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After producing the linear modd to predict future aborasion vaues, the equation of the line
can be evduated asto how well it fits actual data. Thisis accomplished by measuring the difference
between the predicted vaues and the actud values. Since this difference may be elther postive or
negeative, the sum of the squares of the differences between the predicted abrasion value and the
actua abrason value is caculated. This method, the Least Squares Method, can be represented
using a scatter diagram of theresduas. A residud isthe difference between the actud and
predicted vdue. A plot of the resduds of theinitid linear regresson is shown in Figure 20.

Such scatter in the residuds implieslittle fit between the actud and predicted values, thus
giving alow R-square value. As can be seen in Figure 19, thefit vaues do not predict the actual
vaue. Thisisto be expected when a statisticd model shows alow R-square value. For these
results the R-square value was 21.4%. R-sguare values that show a good prediction of actua data
are generdly much higher (>75%).

Also, from the gatistical results, the twist gppears to be inggnificant in drason. Thisis
shown by its high p-value of 0.842. P-vaues of 0.5 or less are required for a 95% confidence.
One would expect twist to have a very prominent role in predicting abrason. Thislack of
ggnificance might be associated with the limited twist ranges selected for study and the use of
mechanical twig leve rather than the actud yarn twist level. Also notable isthe level of sgnificance
of yarn type and yarn count p-vaues, which are 0.005 and 0.068, respectively. Vaueslessthan
0.05 represent a 95% confidence. P-vduesin thisrange normdly imply thet the varigbles being

investigated are sgnificant predictors of the dependent variables being investigated.
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The actua and predicted abrasion values were incorporated into Table 10. Separate plots
for the open-end and ring-spun yarn types were created using the actua and predicted aborasion
vaues. The open-end datais shown in Figure 21 and the ring-spun data is shown in Figure 22.

Visudly, the data for the OE, 20 Neyarnin Fgure 21 illustrates a more accurate fit
between the actuad and predicted abrasion vadues. The 20 Ne aborason vaue demonstrates a
dightly decreasing trend as twist increases. The 30 Ne yarn abrason increases dightly from 13.1%
to 13.8% abrasion before decreasing to 11.9% at 4.5 TM. The 30 Ne yarn is more accurately
described as acurved line. Because of the nature of linear regression, an estimate of abrason

based on curvilinear datais much less precise.

Table 10 - Table of Predicted Values

Spinning Method Count: 20 Ne Count: 30 Ne

35T™M 40TM 45TM 35T™M 40TM 45TM
Open-End 0.1166 0.1139 0.1111 0.1300 0.1272 0.1245
Ring-Spun 0.1009 0.0981 0.0953 0.1143 0.1115 0.1087
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Figure 21 - Open-End Fit Comparison

Visudly, the datafor ring-spun, 20 Neyarn in Figure 22 illustrates a more accurate fit
between the actual and predicted abrasion values than the 30 Neyarn. The 20 Ne abrasion value
demondtrates adightly decreasing trend as twist increases, which falsvery closely to the actua
abrason vaue. The 30 Ne yarn abrasion increases significantly 9.5% to 12.5% abrasion before
settling to 10.7% abrasion at 4.5 TM. The 30 Ne yarn in both the open-end and ring-spun figures

suggedts curvilinear dorason datathat is not accurately captured by linear regresson anayss.
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Based on the forecasted values using the regression equation, comparisons can be made

based on twist and count. The predicted vaues indicate that as count increases, abrasion dso

increases. By comparing the vaues in each of the cells with corresponding twist, but different count,

each of the cdls with the higher count, have a higher aborasion level. Comparing the predicted vaues

of abrasion for the same count, but varying twi, the abrasion level decreases astwist increases for

both 20 and 30 count.

To determine the accuracy of the predicted vaues to actua data, the percent error was

caculated and isprovided in Table 11 and Table 12. The greatest error occurred with atwist of
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4.0 with either the 20 Ne or 30 Neyarns. However, the average vaue of ayarn with 30 Ne and
twist multiple of 4.0 does not follow the predicted trend of decreasing abrasion as twist decreases.
Upon graphing the predicted vaues versus the actud vaues, it appears the aborasion vaue for the 30
Ne yarn with atwist multiple of 4.0 seems skewed. However, it may bein fact that the 30 Neyarn

with atwist multiple of 3.5 is actudly the culprit, asit provided the most difficulty during testing.

Table 11 — Percent Error Valuesof Abrasion for OpenEnd Yarn

OE 20 30

3.5 4.0 4.5 3.5 4.0 4.5

Predicted | 0.11761 0.11163 0.10565 0.13544 0.12946 0.12348

Average 0.11941 0.10796 0.10754 0.13108 0.13828 0.11902

% Error 1.50 7.73 1.75 3.33 6.38 3.74

Table 12 - Percent Error Abrasion Valuesfor Ring-Spun Yarn

Ring 20 30
3.5 4.0 4.5 35 4.0 4.5
Predicted | .09991 10034 .10077 .10883 .10926 .10969
Average | 0.10738 | 0.102653 | 0.096198 | 0.100639 0.125167 0.107759

Itislikely that one linear regression equation cannot accurately represent both ring-spun and
open-end yarn abrasion, since characteristics of the yarn typesincluding surface and core fiber
orientation vary sgnificantly. Thisisapossble explanation for the low R-square value. Therefore,

individua regressions were performed separately for the open-end and ring-spun abrasion data.

4.2.1 Open-End Data Analysis

Theinitid data set for the opentend yarn samples contained thirty datapoints. Of those,

four did not run and two were outside the 95% confidence interval. Statistical models were run by
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sorting based on yarn type and doing the andyss only ontype“1” yarns. Resultsare shownin
Table 13, Table 14, Figure 23 and Figure 24.

From Table 14, the regression equation is Abrasion = 0.124 + 0.00181 Ne - 0.0121
Twist. Ther-square vauefor thisdatais 33.7%. The r-square vaue hasincreased from 21.4%
from the combined ring-spun and open-end data. This, combined with the very low p-value of
0.007 for yarn count, sgnifies the increase in abrasion predictability based on yarn count. Theyarn
twist p-value exceeds the accepted p-vaue limit of 0.05. The p-vaue of 0.112 shows twist to be
ggnificant with only 88.8% confidence.

Since twigt was not sgnificant at the 95% confidence levd, it was removed from the model
in an attempt to increase model accuracy. This generated amode having yarn count as the only

independent variable. Results form this mode are shownin



Table 15, Table 16, Figure 25, and Figure 26.

Table 13 - Regression Analysis of Open-End Data

Obs Actual  |At Residud
1 0.10744 { 0.11814 | -0.0107
2 0.12348 | 0.11814 | 0.00534
3 0.12917 { 0.11814 | 0.01102
4 0.11992 | 0.11814 | 0.00178
5 0.11702 | 0.11814 |-0.00112
6 0.10169 | 0.11208 |-0.01039
7 0.11691 | 0.11208 | 0.00483
8 0.10526 | 0.11208 |-0.00682
11 0.09644 | 0.10602 |-0.00958
12 0.12449 | 0.10602 | 0.01847
13 0.10526 | 0.10602 |-0.00076
14 0.10395 | 0.10602 |-0.00207
16 0.11875 | 0.1362 |-0.01745
17 0.1625 | 0.1362 | 0.0263
18 0.13525 | 0.1362 |-0.00096
19 0.10782 | 0.1362 |-0.02838
21 0.14549 | 0.13014 | 0.01535
22 0.13552 | 0.13014 | 0.00538
23 0.12793 | 0.13014 |-0.00221
24 0.14021 | 0.13014 | 0.01007
25 0.14226 | 0.13014 | 0.01212
26 0.0866 |0.12408 (-0.03748
27 0.13929 | 0.12408 | 0.01521
29 0.11633 | 0.12408 |-0.00775
30 0.13387 | 0.12408 | 0.00979

Table 14 - Coefficients, T-values, and P-valuesfor the Open-End Regression

Predictor Coef SE Coef
Constant 0.12445 0.03235

Ne 0.001806 0.000604
Twist -0.01212 0.007329
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Figure 23 —Mean Abrasion Valuesversusthe Fit Abrasion Value for Open-End Linear
Regresson Modd with Yarn Count and Yarn Twist as Predictors

The Actual and Fit valuesin theinitial openend regression are shown in the
figure. Although thelines share similar shape, the R-squar e value of 33.3%
indicates the regression equation could be improved.
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Figure 24 — Initial Regression Plot of OE Valuesfor the Abrason Modd with Yarn Count
and Yarn Twig asPredictors

Therandom dispersion of theregression values do not indicate trends that could
improve theregression equation.



Table 15 - Open-End Regression Analysis of Count

Obs Actual  |At Residud
1 0.10744 | 0.11259 |-0.00515
2 0.12348 | 0.11259 | 0.0109
3 0.12917 | 0.11259 | 0.01658
4 0.11992 | 0.11259 | 0.00733
5 0.11702 | 0.11259 | 0.00444
6 0.10169 | 0.11259 |-0.01089
7 0.11691 | 0.11259 | 0.00432
8 0.10526 | 0.11259 |-0.00732
9 * 0.11259 *
10 * 0.11259 *

11 0.09644 | 0.11259 |-0.01615
12 0.1244910.11259 | 0.0119
13 0.10526 | 0.11259 |-0.00732
14 0.10395 | 0.11259 |-0.00864
15 * 0.11259 *

16 0.11875 | 0.13014 |-0.01139
17 0.1625 | 0.13014 | 0.03236
18 0.13525 | 0.13014 | 0.00511
19 0.10782 | 0.13014 |-0.02232
20 * 0.13014 *

21 0.14549 | 0.13014 | 0.01535
22 0.13552 | 0.13014 | 0.00538
23 0.12793 | 0.13014 {-0.00221
24 0.14021 | 0.13014 | 0.01007
25 0.14226 | 0.13014 | 0.01212
26 0.0866 |0.13014 |-0.04354
27 0.13929 | 0.13014 | 0.00915
28 * 0.13014 *

29 0.11633 | 0.13014 |-0.01381
30 0.13387 | 0.13014 | 0.00373

Table 16 - Coefficients, T-Values, and P-Valuesfor Open-End Analysis of Count

Predictor Coef SE Coef T P
Constant 0.07748 0.01607 4.82 0
Ne 0.001755 0.000626 2.81 0.01




0.15

0.14
[
o
9 0.13 - -
3 Acual

——

— 0.12 5 ctua
© —=—Fit
g M
S 011
= ~—{
o

0.1

0.09 | . .

0 2 4 6 8

Sample Number

Figure 25— The Mean Abrasion Value versusthe Fit Valueusing Yarn Count asthe
Predictor for OpenEnd Yarns

The Actual and Fit values have a weaker correation oncetwist isremoved from
theregresson equation. Therefore, twist isan important predictor of abrason.
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Figure 26 — Initial Regression Plot of OE Valuesfor the Abrason Modd with Yarn Count

asthe Predictor

The regression equation is Abrasion = 0.0775 + 0.00176 Ne. Ther-squarevaueis

25.5%. The p-vaue of count remains essentidly unchanged when the predictor of yarn twist is

removed from the regression anadlyss. Also, the r-square value decreases from 33.7% to 25.5%,

showing that a regresson model based soldly on yarn count isless accurate. This can dso be

concluded by comparing Figure 23 and Figure 25.

A graph of the resdudsis plotted in Figure 27. Theresdud vaues for the resdud plot that

incorporates both yarn twist and yarn count as predictors appears to be a better fit than usng yan
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count asthe only predictor. Thisisevident by the vaues of “twist and N€’ that are oriented more

closdy to the x-axis.
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Figure 27 — Combination of Two OE Resdual Plotswith Twist and Ne as one predictor and
“only Ne" asthe other

Themodd in Figure 23 fits the data better than that of Figure 25. The fact that twist did not
prove to be significant in the previous modd, but its remova tends to degrade the modd, implies

that twist may have a nonlinear rdationship to abrason.
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4.2.2 Ring-Spun Data Analysis

Of the origind thirty samplesin the data set, two did not run and two others were outside of
the confidence interva. Statistica models were run on these type “2” yarn abrasion values and the

results are shown in
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Table 17, Table 18, Figure 28 and Figure 29.

The regression equation for the ring-spun datais Abrasion = 0.0619 +0.000451 Ne +
0.0079 Twist. The s-vaue and r-square vaue are 0.02285 and 2.8%, respectively. These values,
combined with the p-vaues of 0.623 for yarn count and 0.489 for and yarn twist, show the
profound lacking ability to accurately predict ring-spun yarn abrasion based solely on yarn count
and twigt.

Based on these reaults, it may be concluded that either none of the predictors for predicting
the dorasion of ring-gpun yarns have been andyzed, or yarn count and yarn twist have a nonlinear

relationship to abrason. A nonlinear relationship to abrason would not gppear in alinear modd.



Table 17 - Regression Analysisfor Ring-Spun Data

Obs Actual  |At Residud
1 0.08025 | 0.09851 |-0.01826
4 0.13191 | 0.09851 | 0.03341
5 0.10998 | 0.09851 | 0.01147
6 0.10225 | 0.10245 | -0.0002
7 0.10101 | 0.10245 |-0.00144
8 0.09897 | 0.10245 |-0.00348
9 0.10838 | 0.10245 | 0.00594
10 0.0766 |0.10245 (-0.02585
11 0.08247 | 0.10639 |-0.02392
12 0.11992 | 0.10639 | 0.01353
13 0.1232 | 0.10639 | 0.01681
14 0.14557 | 0.10639 | 0.03918
15 0.0592 |0.10639 (-0.04719
16 0.0875 |0.10301 (-0.01551
17 0.11019|0.10301 | 0.00717
18 0.10973 | 0.10301 | 0.00672
19 0.09514 | 0.10301 |-0.00788
20 0.07173 | 0.10301 |-0.03128
21 0.13445 | 0.10696 | 0.0275
22 0.1185 | 0.10696 | 0.01155
23 0.13559 | 0.10696 | 0.02864
25 0.09263 | 0.10696 |-0.01433
26 0.07933 | 0.1109 |-0.03157
27 0.09916 | 0.1109 |-0.01174
28 0.12371| 0.1109 |0.01281
29 0.12883 | 0.1109 |0.01793

Table 18 - Coefficients, T-values, and P-valuesfor Ring-Spun Regression

Predictor Coef SE Coef
Constant 0.06189 0.05343
Ne 0.000451 0.000906
Twist 0.00789 0.01121
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Figure 28 — The Mean versusthe Fit Valuesfor the Ring-Spun Yarn Linear Regression
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The Actual and Fit valuesfor thering-spun linear regression do not coincide at all,

supporting the 2.8% R-square valueyieded by thelinear regression equation.
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Figure 29 — Plot of the Ring-Spun Yarn Regressions

4.2.3 Summary of Ring-Spun and Open-End Statistical Analysis

30

Throughout the entire datistical analys's, the highest R-sguare vaue was achieved by the
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open-end regression equation that andyzed only type“1” data and used yarn twist and yarn count

as predictors. No mode was found that predicted the abrasion of ring-spun yarns with any

accuracy. Since both ring-spun and open-end modd's have very low R-square values, this Setitical

andyss leads to the conclusion that either ingppropriate levels of twist and count were selected or

independent variables selected have a nonlinear rdationship to abrasion.
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Although the statistical analysis was inconclusive, there were some obvious differencesin the
abrason characterigtics of the yarnsin thisresearch. These differences, though not sgnificant, were

asociated with type of yarn, yarn count and yarn twist level.

4.3 Yarn Typevs. Abrasion

The digparity in abrasion among yarn types was the primary basis for this research.
Higoricdly, ring-spun yarn was the mgjor yarn type that was produced and converted to fabric.
When the supply of yarn shifted from ring-spun to open-end yarns, an important change occurred in
the knitting indugtry. Knitting needles were wearing out much more quickly. Evans[1] illusrated
how the life of knitting needles was reduced to approximately 16%-20%. The results presented in
this research address the observation in the U.S. knitting industry that open-end spun yarns are
more abrasive than ring Spun yarns.

In order to assess the difference in open-end and ring-spun yarn abrason, severd different
evauations were performed. Thefirst evauation was a visble comparison of open-end and ring-
spun yarn gbrasion using the SEM. Intheinitia experiment, a 1000 m length of each yarn type
passed over asegment of wire. Each abrasion zone was viewed and captured using the SEM. The
images shown in Figure 30 visudize the effect of yarn type on wire attrition.

The cylindrical wirein the SEM imageis covered with a polyurethane/nylon coating, which
is nonconductive and appears as adark black surface. Below the coating is solid, bare copper
wire. Its strong conductivity is highly reflective and gppears bright white color in theimage. During

the CTT experiment, the polyurethane/nylon coating was worn away by the yarn, exposing the
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bright copper surface beneath. The flecks of dark matter on the copper surface are believed to be
shards of the coating that are superficidly attached to the wire.

A comparison of wire atrition by ring and opentend yarn types is shown in Figure Figure
30. Theimage of the openend yarn illugtrates how the yarn has completely worn away the wire
coating. Conversely, aportion of the wire coating is till affixed to the wire in the aorason region of
the ring-spun image. Thisisavisble confirmation that ring-spun yarn resulted in alower level of

wire atrition than open-end yarn.
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The open-end
yarn has
completely
worn away the
wirecoating,
revealing the
bright copper
surface below.

Theless
abrasivering-
spunyarnis
moregentleto
thewire. Even
aportion of the
wire coating
remainson the
wiresurface.

Figure 30 - 10 Ne, 4.0 TM . open-end yarn (top), ring spun yarn (bottom)

Thisisavisual comparison of the different abrasion characteristics of ring-spun and open-end
yarn. Thetransition from metal to coating in the open-end yar n abrasion imageisvery smooth,
indicative of a solid, abrasiveinteraction. Thejagged coating of the ring-spun abraded wire shows

how pieces of coating have been pulled away from thewire, leaving the transition from metal to
coating relatively unscathed.

A visud confirmation that the open-end yarn is more abragive than ring-spun yarn, has been

observed. A qudlitative evaluation of the level of abrasion was desired since previous
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experimentation by Bryan [10] concluded that “rotor-spun yarns are less abrasive than ring-spun
yans’ (Emphasis added).

The datain Figure 18 quditatively reveds the differences in dorasion between the yarn types
in the experiment. The opentend 30 Ne yarn gppeared to be the most abrasive with aorasion
values of gpproximately 14%. The open-end 20 Ne yarn fdll between the abrasion vaues of the 30
Ne open-end yarn and the 20 Ne ring-pun yarn with aborasion levels of 11%-12%. The 20 Ne
ring yarn appeared to be the least abrasive as its vaues remained near 10%. The datafor the 30
Ne ring-spun yarn was too imprecise to draw an accurate conclusion.

There are severd different reasons why open-end yarns appear more abrasive than ring-
spun yarns. The reason attributed to increased abrasion by open-end yarnsisther yarn structure.
Theindividud fibersin ring yarns possess greater mobility than those in open-end yarns. This
mobility dlowsthe fibers ring yarn to bend and spread out more easily, thus distributing the force on
thewire. Openend yarn is characterized by asolid, highly twisted core of fibers, which possess
very limited mohility. Thislack of mobility is believed to contribute to the greater leve of attrition

caused by openend yarns. Anillustration of this concept is provided in Figure 31.
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Wfire

Wfire

Figure 31 - Comparison of wire abrasion with high fiber mobility (top) and low fiber
mobility (bottom)

Theyarnin Figure 31 (top) is arepresentation of typicd ring-spunyarn. Astheyarn
crosses over the wire it fans out over the surface of thewire. The greater surface area reduces the
force per area or stress (0) on the wire surface. The lower level of stresson thewire resultsin a

lower levd of wire atrition.

4.4 Yarn Twist vs. Abrasion

Yarn twist was believed to be a sgnificant factor in yarn abrason. Anincreasein yarn twist
resultsin increased yarn stiffness and decreased fiber mobility. The yarn twigt test resultsin Figure
31 showed that there was little difference between the grestest and lowest wire abrason value. The

st of resultsrange in vaue from 9.7% +/- 1.2% to 14.2% +/- 5.5%. More importantly, the trends
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for each of the experiments vary between positive and negative concavity, chdlenging the
sraightforward ideathat abrasion increases as twist increases.

The addition of error bars exhibits a grester smilarity between abrasion levels of various
yarntwist values. The wire abrasion data suggests that the 30 Ne open-end yarn supportsthe clam
that increasing twig yieds and increase in wire atrition. The yarn dorason vaues of the remaining

yarns disprove this theory.

4.4.1 Ring Spun Yarn Twist vs. Abrasion

A characterigtic believed to result in increased abrasion isyarn twist. Historically, ahigh
twist multiple was thought to result in increased abrasion since the outermost layer of yarn becomes
more perpendicular to the surface it abrades againgt. The more perpendicular orientation of the
fibers was expected to increase yarn aorasiveness. A visud representation of the effect of yarn
twist of 30 Ne ring-spun yarn, with TM¢ s of 3.5 and 5.5 isillustrated in Figure 32. The images
illustrate the effect of increasing yarn twist resulting in increased abrason. The 3.5 TMeyarn hasa
amilar area of dbrason asthe 5.5 TM. yarn, but very little copper has been removed by its surface,
illugtrated by the full, round shape of the exposed copper. The higher twist ring-spun yarn has
promoted a grester level of attrition, illustrated by the sgnificant quantity of copper removed from
the body of thewire. Thisisillustrated by the Sgnificant indention visble in the surface of the
copper wire. The copper that has not been worn off the wire has been rubbed away from the top
of thewire and onto itsSide. This can be seen by the waves in the copper surface of the wire in the

bottom image.



Figure 32 - Copper wire attrition of 30 Nering-spun yarn 35 TM ¢ (top) and 5.5 TM
(bottom)
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The difference in the attrition suffered by the wire is atributed to the stiffness of theyarn. A
flexible, yidding yarn will be more likely to bend around the surface of the wire. The grester area of
contact reduces the stress imposed on the wire, which results in decreased abrasion.

The gtiffness of ring soun yarn increases astwist increases. The 3.5 TM ring spun yarn has
low twist and therefore has low flexurd rigidity. Asthe twist increases, so doesthe flexurd rigidity
to the point that the individud fibers have essentidly zero mohility. In this Stuation, amuch smdler
contact region is created between the yarn and thewire. The force of contact is Sgnificantly higher
and more abrason occurs. This Stuation isvery Smilar to the difference in yarn type and the same
mechanics gpply to thisexample. Thisstuation isillugrated in Figure 31.

Thefibersin the lessrigid yarn have grester mobility, which alow the force on the wire to
be ditributed more evenly. This Stuation resultsin amuch lower level of aorason astheyarn
passes over thewire. The opposite istrue for the yarn with low fiber mobility. Since the fibers do
not have the mobility to spread across the surface of the wire, a deep valley formsin the wire as the

yarn crosses ove it.

4.4.2 Open-End Yarn Twist vs. Abrasion

The effect of yarn twist of openend yarn abrasion is comparably less gpparent than that of
ring-spun yarn. The reason for this difference is due to the inherently rigid structure of open-end
yarn. The center of open-end yarn is highly twisted unlike that of ring-spun yarn. Thishighly
twisted core gives the open-end yarn greet flexurd rigidity. Since open-end yarn aready has high

flexurd rigidity, it isless affected by changesin twist leve. The concentration of abrason is nearly
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identica between the 3.5 TM and 5.5 TM  samples as shown in Figure 33. Both twist levels cause
the wire to be cut deeply.
The effect of increasing abrasion with increasing twist is essentidly indiscernible in open-end

yams.
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Figure 33 - Copper wire attrition by 30 Ne, open-end yarn with 3.5 TM ¢ (top), and 5.5. TM
(bottom)
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45 Yarn Count vs. Abrasion

The relationship between yarn size and abrasion was expected to show that finer yarns were

more abrasive than coarser yarns. The 20 Ne and 30 Ne open-end yarns illugtrated this point well.

4.5.1 Yarn Count vs. Abrasion in Open-End Yarns

Theimages shown in Figure 34 illudrate the sgnificant difference in dtrition due to yarn
count. The polyurethane/nylon coating isworn away by both the 10 Ne and 30 Ne yarn samples.
The 10 Ne sample has a much wider area of abrasion. It is believed that the yarn does not dide
longitudindly on the wire but remainsin the“v” created by the tension of yarn on the wire illustrated
inFgure 11. The greater area of attrition suffered by the wire is atributed to the larger diameter of

the 10 Neyarn. This phenomenon isexplained in Figure 35.



Figure 34 - Attrition of wireby OE yarn, 40TM ¢, 10 Ne (top) and 30 Ne (bottom)
Thewider yarn in Figure 35 (left) has amuch larger area of contact with the wire than the

thinner yarn on theright. Thetenson isan equa 25 grams of force (g-f) for both yarns. Since all

74
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other properties are equd, the yarn with the greater stress (0) will sever the yarn more quickly. The
only property that variesis the contact area between the yarn and wire. The smaller contact area of
the yarn on theright of Figure 35 results in increased force imposed on the wire, increasing the

gtress and abrasion between the wire and the yarn.

3 J arn

Wi

Figure 35 - Wear of wire dueto different yarn size
4.5.2 Yarn Count vs. Abrasion in Ring-Spun Yarns

In open-end yarns, the copper wire suffered a greater leve of attrition by the 30 Neyarn
than its 10 Ne counterpart. The same Stuation gppliesto ring-spun yarns. The 30 Ne yarn was
more abrasve than the 10 Ne yarn. Surprisingly, the area of aorason issmilar in the ring-soun yarn
experiment. Figure 36 shows the atrition of a copper wire by ring-spun yarn whose TM is

identical and whose yarn count varies from 10 Neto 30 Ne.
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Figure 36 - Attrition of wire by ring-spun yarn, 4.0 TM ¢, 10 Ne (top), 30 Ne (bottom)

Although the area of attrition is Smilar for both yarns, the depth of abrasion is decisvely

greater for the 30 Neyarn. The dark segment of wire coating, which has not been worn away from
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the copper surface, illustrates the lack of aorasion by the 10 Neyarn. The wire coating in the
abrasion region of the 30 Ne sample has completely worn away and additiond aorasion has
occurred into the copper surface. The wear, indicated by the dight concavity in the surface of the

wire, is greater for the 30 Ne sample.

4.5.3 Yarn Count vs. Abrasion Summary

For both open-end and ring-spun yarns, asyarn Sze decreases, the level of wire attrition
increases. The open-end yarn, with its lower fiber mobility, wears an aorason region on the wire
that widens as the yarn count increases. Conversdly, ring-spun yarn had greeter fiber mohility,

resulting in asmilar abrason width as the yarn count varied.
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5 Conclusons

Inthe early 1980s there was “a degree of panic in the US knitting industry, with reports of
needle falure in 4- 10 weeks when working with openend spun yarns, as compared to a
replacement life of 6-12 months when knitting conventiond ring spun yarns’ [1]. However, the
research conducted comparing the abrasion of both open-end and ring-spun yarns contradicted
these claims. Although the data supported the condition that openend yarns are more aborasive
than ring-spun yarns, the magnitude of this difference did not coincide with the clams of the knitting
industry in the 1980s.

In addition to yarn type, the abrasion resulting from differencesin twist and count were
examined. Higoricaly, ahigh twist multiple was believed to result in increased abrasion. Thistrend
was generdly supported by the findings of this study for open-end yarns. Although the magnitude of
the abrason level was sgnificantly more profound in ring-spun yarns, the trends associated with this
abrasion were practicdly nonexisent. The difference in the effect of twist on ring-spun vs. open
end yarn may be explained by the inherently rigid structure of open-end yarn over arange of twist
multiples.

The effect of twist is more sgnificant to ring-soun yarn, dthough it is much more random for
the yarn samples tested in this study. While the expected trend of an increase in abrasion with an
increase in twist was supported by this research, the data was inconsstent. Statistical analysis
suggests that a nonlinear relationship between yarn twist and aorason may exist for ring-spun yarns.
The effect of twist on ring-spun yarn must be more carefully examined in order to resolve its

rel ationship with abrasion.
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Higoricdly, an inverse relaionship exists between dorasion and count. As count increases,
the abrason of the yarn on the knitting needles decreases. This study conclusively confirmed the
relationship between count and abrasion.

With al other factors being equd, opentend yarns are more abrasive than ring-spun yarns,
but not nearly to the degree observed by the knitting industry in the early 1980s. The datain this
study reveded that the leve of abrasion is not Sgnificantly greater between yarn types, counts, and
twigs. Thisis confirmed by the fact that the highest and lowest abrasion level of the yarns varied no
more than 10%.

The datain this sudy till does not answer the question of why the knitting industry
experienced such argpid decline in needle life when knitting with opertend yarns. This may be due
to acombination of inherent differences in the cotton stock used to produce each yarn type, as well
as the pogition of these impurities in the yarn structure. Both Evans and Groz-Beckert cited
contaminantsin opentend yarns as the mgjor culprits of accelerated needle wear. Since Groz-
Beckert reports the greatest gradient in the abrasion of knitting needles appears when the yarns
contain an incomparable leve of impurities, research should be conducted to examine this

phenomenon.
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6 FutureResearch

The results of this sudy imply adight difference in the dorasion characteristics of different
yarn types, counts, and twists. The error associated with these results, however is significant
enough to require amore accurate method to measure abrason. The use of actud knitting needles
may suggest different levels of wear and therefore was attempted in this study. Unfortunatdly, the
hard nickel coating on the needles prevented the appearance of a significant level of aorasion.
Attempts were made to coat the needle with a sputtercoater. The needles could not be properly
oriented in the sputtercoater in order to consistently coat the hook and latich. The wear of the
needleis of particular interest because it most closely resembles the wear experienced by the needle
in practice. 1t may be possible to coat the needle with achemica that isworn away by the yarn.

The dynamics of the yarn over the wire were of greet interest. Severd experiments may
shed light onto the motion of the yarn. These include the filming of the yarn running over the wire
with ahigh-speed camera, and the measurement of the “bounce”’ of the yarn on the wire with a
high-speed tension meter.

The gauge of the wire may need to be revised to more closely resemble the shape of a
knitting needle. The wire used in this sudy was afine, 34 gauge wire. It was suggested thet the
hairs of the yarn were subjected to aforce againgt the wire that sheared the hairs from the yarn.
Although thiswas not concluded to occur, any dteration of yarn structure can negatively impact the
religbility of the tests

Idedly, the experiment would be reproduced in ared-time, actud factory setting using

open-end and ring-spun yarns produced from identical cotton stock. The yarns would need to be
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knitted on two identical knitting machines under comparable conditions in order to effectively
monitor the abrasion of each yarn type on the needles of each machine. The needles could then be
examined using a SEM for avisble assessment of wear. An accurate and precise method of
measurement would be required to determine the degree of needle wear. This accuracy and
precison would be necessary since the level of abrason would likely be smdl. In this experiment,
abrason varied by gpproximately 3% overall.

The yarn property that should receive the grestest priority in further examination of yarn
abrason is the quantity of abrasve particlesin and on the yarn surface. These particles, clam Evans
and Groz-Beckert, are primarily responsible for needle wear. Therefore, focusng on yarn
contaminants asamgor link in the satistica design will be useful in gaining an underganding of the
effect of yarn parameters on needle wear. Since yarn type, twist and count were nearly insignificant
with regard to yarn abrasion, the abrasive impurities in yarn should be examined in the future. This

would mogt likely shed new light in the area of open-end and ring-spun yarn abrasion.
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Appendix A

Material Test Conditions

Properties
—
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1 5/24 11:20 OE | 10 | 4.0 [ 100 | 80/33 | 10.4 | 23.2 | 236% 300g wire tension. The wire did not break. It
AM elongated an activated a shut-off sensor.
2 5/24 11:45 OE | 10 | 40| 100 | 80/33 | 10.3 | 24.1 | ----- Reduced to 200g yarn tension. Yarn
AM entangled around output rolls.
3 5/24 12:05 OE | 10 | 40| 100 | 80/33 | 106 | 23.9 | ----- Preset length—test terminated at 3600 m.
AM
4 5/241:00PM | OE | 10 | 4.0 | 100 | 80/33 | 10.0 | 22.9 1916 Y arn became hung on feed mechanism and

snapped. Fibers had a tendency to wrap
around the copper wire.

5 5/251:35PM | OE | 10 | 4.0 | 360 | 80/36 | 10.2 | 25.6 3616 Increased airflow over wire. Preset length
tripped.
6 5/251:55PM | OE | 10 | 4.0 | 360 | 80/36 | 10.0 | 25.0 3423.5 | Wrapping fiber problem appears resolved.
Clean break.
7 5/252:07PM | OE | 10 | 4.0 | 360 | 80/36 | 10.0 | 23.0- | 3616 Preset length tripped.
26.0
8 5/252:20PM | OE | 10 | 4.0 | 360 | 80/36 | 10.0 | 23.0- | 3715 Clean break.
26.0
9 5/252:32PM | OE | 10 | 40 | 360 | 80/36 | 10.0 | 23.0- | 33%6 Yarn break.
26.0
10 | 5/252:45PM | OE | 10 | 4.0 | 360 | 80/36 | 10.0 | 23.0- | 3718 Good break.
26.0
11 | 5/253:08PM | OE | 10 | 4.0 [ 360 | 80/36 | 10.0 [ 23.0- | 3469 Yarn supply expired.
26.0
12 | 5/253:20PM | OE | 10 | 4.0 | 200 | 80/36 | 10.0 | 23.0- | 5543
26.0
13 | 5253:53PM | OE | 10 | 4.0 | 360 | 80/36 | 10.0 | 23.0- | 3916
26.0
14 | 5/3012:10 OE | 10 | 4.0 [ 360 | 80/25 | 10.0 | 21-26 | 3191 Clean break.
PM
15 5/30 12:23 OE | 10 | 4.0 | 200 | 80/25 | 10.0 | 21-23 | 400800 | Fiberswrapped around wire. Friction
PM + decreased. Test was aborted at 10,000 m
16 5/301:18PM | OE | 10 | 4.0 | 200 | 80/25 | 10.0 | 21-23 | 5231 Test repeated at higher air pressure across
wire.

17 5/301:50PM | OE | 10 | 4.0 | 200 | 80/25 | 10.0 | 21-24 | 5858 Clean break.

18 5/302:22PM | OE | 10 | 4.0 | 360 | 80/25 | 10.0 | 21-25 | 2802 Clean break.

19 | 5/302:32PM | OE | 10 | 4.0 | 360 | 80/25 | 10.0 | 20-26 | 3093 Clean break.




20 | 6/0111:20 OE | 10 | 4.0 | 100 | 80/26 | 10.0 | 20-23 | ----- Yarn break.
AM
21 6/08 1:26 PM OE | 10 | 6.0 | 360 | 80/26 | 10 22+ | ----- Y arn wrapped around output rolls. Pressure
too low.
22 | 6/081:39PM | OE | 10 | 6.0 | 360 | 80/26 | 10 21+ 5280 Y arn wrapped around output rolls again.
Pressure increased.
23| 6/082:05PM | OE | 10 | 6.0 | 360 | 80/26 | 10 25+ | ----- Yarn supply expired.
24 | 6/082:26 PM | OE | 10 | 6.0 | 360 | 80/26 | 10 24+ | ----- Fibers wrapped around wire.
25 6/08 2:42PM | OE [ 10 | 6.0 | 360 | 80/26 | 10 24+ 9280 Yarn expired. Fibers wrapped around wire.
26 | 8/094:05PM | OE | 10 | 40 | 360 | 80/26 | 50 98 392 New “wire guide.” Yarn break—wire sagged.
27 | 8/094:20PM | OE | 10 | 4.0 | 360 | 80/26 | 50 111 8+ Bad break
28 | 8/094:30PM | OE | 10 | 4.0 | 360 | 80/26 | 50 107 1097 Good break
29 | 8/094:35PM | OE | 10 | 4.0 | 360 | 80/26 | 50 101- 1128.1 | Good break
107
30 | 8/104:40PM | OE | 10 | 4.0 | 360 | 80/26 | 50 103 912 Good break
31| 8/101:35PM | OE | 10 | 4.0 | 360 | 80/26 | 50 99- 859 Yarn break
105
32| 8/101:45PM | OE | 10 | 4.0 | 360 | 80/26 | 25 54 1417 Good break
33| 8/101:50PM | OE | 10 | 4.0 | 360 | 80/26 | 25 55 1731 Good break
34 | 8/101:56 PM | OE | 10 | 4.0 | 360 | 80/26 | 25 56 1181 Good break
35 | 8/102:02PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 1633 Good break
36 8/102:08PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 1737 Air adjusted to reduce wrapping. No
improvement.
37 8/102:15PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 1955 Fiber wrapping around wire
38| 8/102:30PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 1669 Air adjusted again. Tangential airflow
improved wrapping problem.
30| 8/102:35PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 1837 Airflow adjusted and increased. Problem
significantly reduced.
40 8/10 2:45 PM R 20 | 55| 360 | 80/26 | 25 52-60 | 6106 No wrapping fibers detected on wire.
4] | 8/181:28PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2366 Wrapping fiber problem
42 | 8/181:35PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 3865 Wrapping fiber problem
43 | 8/181:45PM | OE | 10 | 4.0 | 360 | 80/26 | 50 52-60 | ----- Yarn break
44 | 8/181:55PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 3810
45 8/182:12PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2201 Good clean break. Used hook to keep wire
free of wrapping fibers.
46 | 8/182:20PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2221 Good clean break. Used hook to keep wire
free of wrapping fibers.
47 | 8/182:30PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2793 Bad break—pulled on wire with hook
48 | 8/182:45PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2797 Looked like a good break
49 | 8/183:00PM | OE | 10 | 4.0 | 360 | 80/26 | 25 52-60 | 2519 Looked like a good break
50 8/183:25PM | OE | 20 | 45| 360 | 80/26 | 25 65 6654 Looked like a good break
51 | 8/183:55PM | OE | 10 | 4.0 | 360 | 80/26 | 25 68 14000 | Yarnexpired
+
52 | 8/184:35PM | R 30 | 4.0 | 360 | 80/26 | 25 60 5934 Good break
53 | 8/2111:15 OE [ 10 | 40 | 360 | 80/26 | 25 60 2411 Good break
AM
54 8/21 11:20 R 10 [ 40| 360 | 80/26 |25 | | ---—-- Too much wrapping
AM
8/21 11:45 OE | 30 | 4.0 [ 360 | 80/26 | 25 55 6668 Good break

55

AnA
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56 Q/I;Al 12:05 R 20 | 45| 360 | 80/26 | 25 57 3166 Too much fiber wrapping

57 g/“;S 11:00 OE | 10 | 4.0 | 360 | 80/26 | 25 58 2875
AM

58 8/23 11:25 R 20 | 5.0 | 360 | 80/26 | 25 58 4529 Fiber wrapping problem
AM

5Q | 8/241:05PM | OE | 10 | 4.0 | 360 | 80/26 | 25 58 2991 Slight fiber wrapping

60 8/24 1:16 PM OE | 20 | 3.5 | 360 | 80/26 | 25 60 4656 Slight fiber wrapping

61 8/24 1:31 PM 20 | 55| 360 | 80/26 | 25 60 4616 Bad bresk—fiber wrapping

62 8/24 1:50 PM 20 | 55| 360 | 80/26 | 25 60 8503 Fiber wrapping problem

63 9/06 12:40 OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1018 New environment—Cotton Incorporated
PM laboratory. Auto-stop was on.

64 | 9/06 12:45 OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1048 Auto-stop was on

65 gll\(;lG 12:50 OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1428 Looked like a good break

66 ZII\SG 1:05 PM OE | 10 | 40 | 360 | 70/65 | 25 ? 1912 Looked like a good break

67 9/06 1:10PM | OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1643 Looked like a good break

68 9/06 1:15 PM OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1560 Looked like a good break

69 | 9/061:20PM | OE | 10 | 4.0 | 360 | 70/65 | 25 ? 1422 Looked like a good break

70 9/06 1:25 PM 10 | 4.0 | 360 | 70/65 | 25 ? ? Wrapping fiber problem

71 | 9/28 211 PM 30 [ 35| 360 | 80/26 | 25 47-48 | 3400 Return to COT Lab. Wirelost tension
9728 2:17 PM 30 | 3.5 (360 | 80/26 | 25 48-50 | 2499 Yarn break

72
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Appendix B

http://bwcecat.be den.com/cai- bin/ncommerce3/ExecM acro/BEL DEN/frames.d2w/report

Description

Special Application, Single Beldsol Solderable, 1/2 pound spool, 34 AWG. Beldsol Magnet Wire is a
dual insulated Magnet Wire that combines the excellent dielectric characteristics of polyurethane and
the known toughness and solvent resistance of a nylon overcoat. This wire is rated by IEEE tests for
270 deg.F usage and will solder without insulation removal at 750 deg.F. Complies with J-W-1177/9
specifications. MW 28-C (single).

Disclaimer: Great effort is made to ensure the accuracy of the information presented,
but errors or omissions may occur. This listing of information is presented as a courtesy
and does not ensure that a product with these specifications is available. Specification
and availability should be confirmed with a call to our sales representative or to
Customer Service. Have a question? Call us at 1-800-BELDEN-1 or send us a
comment

07/16/01
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http://ecom.belden.convstatic/ZZBL DNTDO1FROMCATA.HTM ?P0=8057

To display Technical Data, enter a Product Code and press Go.

Product Gode Go

Example: 8268
TECHNICAL DATA
07/28/98 REV. 0 8057
|. DESCRIPTION:

MAGNET WIRE - SINGLE BELDSOL SOLDERABLE
ll. ELECTRICAL CHARACTERISTICS:

UL STYLE: NONE

UL RATING: NONE

CSA TYPE: NONE

CSA RATING: NONE

MIL STANDARD: J-W-1177/9

MIL SPEC. RATING: 130C

OTHER: NEMA MW 28-C (SINGLE)

lll. PHYSICAL CHARACTERISTICS:

AWG SIZE: 34 AWG

STRANDING: 34 AWG SOLID BARE COPPER

INSULATION MATERIAL: POLYURETHANE WITH NYLON OVERCOAT
INSULATION THICKNESS: .0005" MIN. INCREASE IN OD

DIAMETER: .0072" MAX.

TEMPERATURE RATING: 130C



