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IT SY'BO LIS

stress of fiber, gin

strain uf fiber, jise,1sionles:t ratio
•: in2

"E Young's modulus of a fiber, Kg/cm2 or lbs/in

AV S tensile load on model yarn structure, Kg

Ey •yarn elongation, %

t twist per cm. at elongation ty, turns/cm

"-I t 0  
twist per cm. at zero strain, turns/cm

-.'a a twist angle of a fiber at r&,dius r, radians

-,. r radial position of fiber, dimensionless ratio

R model yarn radius, mm

P pressure inside the model yarn at radius r, Kg/cm

PC pressure at the center of the model yarn, Kg/cm2

radius of curvature of the fiber at radius r, r

S* packing factor, dimensionless ratio

coefficient of friction between constituent fibers
(Dacron and Cotton), dimensionless ratio

Ai f normal force acting on the cotton yarn per unit length, gm/cm

D cotton yarn diameter, inch or mm

Tb rupture strength of cotton yarn, gm

T tensile force acting on the cotton yarn in the structure,

1' lbs or Kg

-r, initial cotton yarn length in the structure, cm

A i critical broker, length of cotton yarn, i.e., the length
below which cot on yarn will not be broken, mm

2.' "-

;'S iv

awn



n number of break . of cotton yarn in the structure, unit

• • ibroken length of cotton 5"ar, mm

, 1 average broken length of cotton yvrn, mi

Yb yarm hrs.&k, gm/denier

Xfb number of fibers, breakizig strength, gm/denier
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ABSTRACT

The ten-ile behavior of cotton-Dacron blends has been studied in a
twisted model yarn structure composed of DaLron filament yarns (70 denier,
34 filament) and combed cotton staple yarns (79 cotton count (c.c.)) in
blend ratios of 1.1, 2.2, 11, 22, 33, 44, 56, 67, and 89 percent cotton
content.

The contribution of the cotton compc~nent to the blended structure
at al! strain levels is the main subject (f this study.

This report covers the experimental studies on the load extension
characteristics of 72 model yarns at elorgations of 5 percent through
break and the effect of twist (0.55 twist multiple (TM) through 4.4 TM),

blend ratio and position of the cotton component in the yarn (cotton
core or cotton shell) on the strength of the blended yarn are discussed.

These studies extend Machida's theoretical approach to the problem
of blended yarn strength to include cotton-Dacron blended yarns in blend
ratios of practical significance.

vi



THE MECHANICM OF RUPIURE OF COTTON-DACRON PILNDED YARN.;

Introduction

'Ihe rate at which new fibers have been added to the textile market in
the past thirty years has increased onormously the fiber combiiationL.
available to industry. Thus, the textile engineer can deveiop yarns for
specific end use applications. In areas where high strengtii is to be
achieved at minimum weight, the tensile behavior of a blended yarn is
one of the most fundamental and Lmportant properties to consider. While
some excellent work has been done in this area, the fiber-to-fiber load
transfer in a yarn and the mechanism of yarn rupture are still not clearlvunderstood. This repor. 15 .UvIcerned with toe .•iie propeiules of
cotton-polyester blends. The tensile properties of the blended yarns
are studied, using physical models of blended yarns and the mathematical
models developed by Kazuo Machida, with the view toward estatlishing a
better understanding of yarn behavior under tensile stress up to and
including yarn rupture.

The cotton-polyester blend was selected for two reasons. The first
reason is a practical one. This fiber combine ion has wide acceptance in
the consumer nmaket; therefore, the results obtained would have immediate
practical significance. The secoad reason is a theoretical one. ThL

blend of a strong extensible fiber, such as a polyester, with a weakerless extensible fiber, such as cotton, provides a :,echanism for studyingthe combined effects of pressure and friction in the yarn cross-section

when the blended yarn is twisted and elongated. In this situation, ab
the polyester fibers are extending and the cotton fiber is breaking, the
polyester fibers are developing an axial tension which grips the cotton

* fibers like a vise, thereby extending the cotton fibers beyona their
rupture elongation. Thus, the cotton yarn in the blend acts as tracer
material for measuring the combined effects of pressure and friction in
a yarn which is being elongated.

This report discusses the tensile behavior of cotton-polyester
fibers as determined experimentally for the following blend ratios: (9,
1.1, 2.2, 1i.0, 22.0, 33.0, 44.(i, 56, ,7, 89, an.9 I(V perc-ent cotton
content.

Literature Review

The literature reviewed is shown in the list of references. The
literature cited covers the abrasion anid tnsile behavior of' yarns,
blending irregularities and blend ratio testing as well as prmcesu-inik
techniques for blended yarns.

a



Papers of review interest to this study are given in chronological
order as follows: Sullivan, 1942(36); Plat, 1950(32); Hamburger, 1950(11);

7dA .. .(,eoy21Pat 902

•regory, 1953(10); Kemp and Ower. 19 57  1); Shorter, 1957(34); Hearle,
1957(14); Noshi, 19A0(28); Azumaa 1960(1); Hearle et all, 1961(16);

Treloar and Riding, 1963(37); and Machida, 1963(26).

Irl the outstanding works listed above, analytical t echniqueb of
applied mechanics were used to describe the stress-strain behavior of
two fiber component. yarn blends. In all of these works, the major
portions were carried out with a fu?.l appreciation of, but with a
purposeful disregard for, quantitative determination of some of the
forces acting on and within ,nomponent parts of the yarn structure.
Th. doi r of forces results from the simplifying assumptions
made by the investigators to make their equations tractable. For
example, Sullivan has studied the theoretical strength of staple yarn
with the assumption that the fiber tension is uniform in a yarn cross
section.

Platt has studied the theoretical strength of continuous filament
yarn. The extension of his theory to spun yarns assumes the assimilation
of the combined effe( t of fiber stretch and slippage to that of pure
stretch of the filaments of a continuous filament yarn. This condition
implies that the ratio of stretch to slippage should be constant, both
within the body of a single yarn and among yarns of different twists.
This condition can be fulfilled only in highly twisted yarns. However,
Platt 's equations can be used over a wide range of different yarns if
the constants are derived from different sets of experimental results.

Gregory studied the relation between the strength of yarn elements
relative to the strength of the constituent fibers. He found that no
simple function exists for linking critical pressure within the yarn
with twist for maximum strength. Gregory derived an empirical relation
between critical pressure and the reduction in strength of the yarn at
high twist and attributed the loss in strength to the obliquity of thetwisted fibers. On this basis, he developed a formula relating the

maximnum strength of the yarn element to fiber characteristics.

Shorter has attempted to present a unified picture of the process
of stretching a yarn to its breaking point. He listed two factors as
operative in determining breaking tension which previous theories have
dealt with sepdrately. The two factors relate to the effect of twist
on (a) the relative incidence of fiber slippage and breakage and (b)
the degree of nonsimultaneity of the breaks. Shorter compares the rel-
evance of Sullivan's and Platt's theories, and the predictions of the

"1 Number, in parentheses refer to the literature references.
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I
various theuries are compared with i:xperiment-al data. Ho fvuiu rugh

agreem nt bItween predicted and experimtai resuits with :u~lliv•l':i
theory( 3 .') with twists below the optimum twist and agr,•mene with 1Lattlz
theory(3'2) with twaqits AbD,.ve the ,ptimum.

Azxan s thenry() ajsumes a uniform pressure in the yarn cross
sectinn. Noshi et a1(29,i have studied The tensile strength If twipted
blended Continuous filament yarns. However. in their theoretical analysi-,
.ihey neglected thc study (f yarn pressure. iaKo Azuma, they apparerntly
assumed a c.nstant pressure; for this reason, their theory would be use-
fu] over a lit:ted range of the stress-strain curve, pr(,bably at the
"higher levels of strain.

In 1957, Hearle(.L4) studied the theoretical strength of yarn6 et
-u i• strains. Here his theory takes into account the lateral pressure
between filaments, while retaining the essential geometric assumptiono•
of Platt and the assumption of no change in the radial position ,f he
filament under deformation,

Hearle, El Behery and Thakur(15) attempted to obtai-n a closer
approximation to the real yarn system. Here they have introduceo a

ILI, I modification to Hearle's theory in which the strain geometry A.f the.
. •yarn is defined by an axial extension together with a radial contraction,

the latter being described by a yajrn Poisson's ratio. The original
- theory now becomes a special ctse for which Poisson's ratio equals zero.

The new theory, while accounting for lateral pressure between the fila-
ments, is restricted to small strains. In the same paper the authors

* • have also considered a further modification in a form which is valid for
large strains. However, in this latter case the lateral pressure butween
filaments was not taken into account. In this study the analysis hab not
included the effects of both lateral pressure and large strains. Therefore,
the results can be applied, for a given value of constants, only over a

* limited range of strain.

Treloar and Riding(37) have studied the tensile properties c'f
*• - twisted continuous filament yarns in terms of their geometric Atructure_

and the properties of their constituent f-ilaments. Their theory has
the following features: (1) it is a large strain theory; (2) const.ancy
of volume is assumed for both filaments asid yarn during deformation;
and (3ý) the analysis i2 carr.ied out in a s raiin-energc oyster whic.
leads to a more tractable mathematical .rt.atment than toe cus•t mary
stress analysis methods. Mat-,erial propert iesi are i.u r',duc'_d iL t he:
form of a complete stress-strain curve. The st ross- .;train curve of
the yarn over the whole range of exielnisin in calcu.Lated. Thei auth,,ort
found that the stress-strain data f.,i tenas ,- " arrnsshw g.,,d agreemeot.

_-• "" High tnac ity rayon filarenio: /nerican .i , ro.

,:S

A'



Ia

I ..

.5 with the theoretical curveb, except in the region of small extension and
high twists. No attempt was made by the authors to discuss the theoretical
breaking load of the yarns.

"The works of lHamburger(! 1 Kemp and owen(21), and Machida(2) are

directly rejeted to the work ini this paper and will be discussed1 below; hlow-
evtlt, before leaving the lit-rature review, a general summary of the state
of this work should be given. This summary has been well expressed and is
reflected by a statement made by Hearle, El Behery and Thakur( 1 5 ) as follows:

"The critical assessment of theories of ya n tensile propeaLtes serves
to increase our understanding of che behavior of yarns. In the initial
regions of extenmLon where yarn tension is proportional to extension, the
more highly developed theories fit the expi rlmental results better. But
above the limit of proportionality, and in the prediction of breakage, the
later theories are but little improvement on the simplest impr-ssion (Yb/Xfb -

cos 2 a) given by Gegauff in 1907. The considerable divergence between experi-
ment and theory must be attributed to more cnml-licated forms in yarn structure
and to a more complex mechanis, of breakage. Both of these problems merit
further study."

As a result of the studies listed above and other literature on the
strength of blended yarns, it is an accepted fact that the strength of the
blended yarn is in general lower than might be expected from the proportional
strength of tie component fibers.

In 1949, iutmburgex(ll' proposed a mechanism to explain this behavior.
Hauburger suggerted the superposition of the stress-strain curves of the
two component Aibers to give a new stress-strain :or the blended filament
yarns. His procedure is illustrated in Figures I and 2.

In Figure 1, curve "A'" is the engineering stress-strain curve of the
lower strength less extensible fiber (cotton); and curve "B" is the stress-
strain curve of tbh stronger more extensible fiber. The superimposed curve
o, the two cDmponcnt yarns are shown as a dashed line. The dashed line has
two peaks clrresponding to the rupture points of the "A" and "B" fibers.
This is characteristic of the stress-.strain curves of blen,'ed yarns. In
AW Figure 2, the strength of the biended yarn is shown is to crossed lines.
I- should be nottJ in Figure i that the itronger and more exteiAhie yarn
(polyester) is stiffer than the cotton; therefore, in Figure 2 no minimum
point in strength occurs as a function of the blending ratio, but the cotton-
polyester blenC will always be stronger than the all-cotton yarn. This
prinriple, proposed by Hamburger, applies strictly to continuous filament

.. yarns, neglecting such integrating forces as friction and compression on th.-
comnonent fibers. Nevertheless, this technique provides a powerful tool to
predict the strength of two component 1lended yarns. Because of its simpli-

All* city, it i- widety used by industry for this purpose, even for blended staple
yarns.
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AO
Kemp and Owen(21) studied the tensile behavior of cotton-nylon

staple fiber blends. They presented experimental data which show that
fcr blends of staple fibers the prediction of strength of the blended

cotton-nylon yarns by the stress-strain me~hod proposed by Hamburger
leads to large discrepancies in the 6Q0 percent and 80 percent Nylon
blends with cotton (Figure 3).

In their paper Kemp and Owen observed a larger number of broken
I cotton fiber segments in yarn strains Ft higher levels than those found

in the unstrained yarn or yarn subjected to lcwer strains (Figure 4).

They concluded that the comparatively low strength of the blended
SYarn is primarily due to the difference in the breaking strains of the

N., component fibers. They observred that the breakage of cotton fibers is
1 4continuous from very low strains to the breaking strain of the blended

yarn. From this they concluded that cotton fibers continue to contribute
to yarn strength at strains greater than their rapture point. Kemp and

w(en also attempted to calculate the theoretical contribution of cotton
Si- fiber in a blended yarn assuming a corstart critical length in the broken

segments. The critical length is trat length of the portion at each end
of the fiber over which slippage occurs (Appendix 1); for fibers of a

'A.r.. length less than the critical length, slippage takes place over the whole
fiber length. Therefore, this critical length is a function of inmer
yarn pressure, frictional characteristics of the two fibers, and yarn
elongation. The critical length does not. remain constant, but varies
with a change in pressure and elongation. It is to the analysis of
this particular mechanism that Machstda addressed his study of blended
jarn structure.

.Machida proposed a core rigorous treatment to the problem of yarnS strength. His approach provides a more theoretical approach ii the
analysis of the mechanisms by which cotton fibers contribute to yarn

i. strength. Machida studied the strength cont ri.bution of the cotton

component to the blended structure at, strain levels eaceeding cctton
fiber rupture elong~tion by using a model yarn technique to conduct
mathematical and experimental studies on the pressure distribution and
on the frictional force ir, the twisted structure.

His work has provided a mathematical analysis of the pressure
distribution in the twisted filament structure as well as an equation for 4

the average theoretical broken length of cotton. Both equations are as
follows:

,a"
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A pressure distribution as a function of tension on the yarn
structure for small twist angles.

2P S zwto (1 -r2)
j( * Ey) 2  R2

A

where P is the pressure in the yarn

- to is the twist before loading

s is the yern load

Ey is the yarn elongation

r is the radial position of the fiber in the
yarn cross section

•,r R is the radius of the yarn

All of the parameters are easily determined.

The average broken length of the cotton is given as follows:

= 3Tb

2T wP DP

Where Tb is the breaking load of the cotton yarn

AM P is the coefficient of friction (0O24)

D is a diameter of the cotton yarn

11 is the pressure in the yarn cross sention due

to tensile load

lMachida shows the experimental results to confirm the validity of
his theory, Table 1, Figure 5. An independent check was made; thejAN experimental results of which are shown in Table I and Figure 5.
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Table I

Theoretical and Experimental Broken Length Machida

TM to u D Tb S Theor Exp

t/cm cm g Kg 1 r= 1 mm

0.5 0.171 0.24 0.011 195 29.6 94.0 68.8

1.0 0.34 0.24 0.011 205 29.0 25.0 24.2

20% 2.0 0.68 0.24 0.0l1 225 28.2 6.8 10.0Extension

3.0 1.03 U.-4 0.011 230 2', .2 3.4 5.4

'.0 1.36 0.24 0.011 245 25.8 2.1 3.9

Table II

Theoretical and Experimental Average Broken Length

TM to u D Tb S Theor Exp

t/cm cm g Kmn 1mm 1mm

0 .55 .18 0.24 0.0091 132 24.0 69.0 44.0

'At 1.10 .36 0.24 0.0091 142 24.0 19.8 17.6
20%

Extension 2.20 .67 0.24 0.0091 165 23.2 6.7 6.1

3.30 1.01 0.24 0.0091 175 22.5 3.2 4.2

.40 1.34 0.24 0.0091 185 21.8 1.8 2.6

The solid line represents the theoretical plot for average fiber
lengLhs; the crosses represent the data in Table I; the circles represent
the data in Table II. It can be readily seen that the agreement between
theoretical and experimental data is good, confirming the validity of
Machida's theory. Machida points out that'the results of his theory are
strongly dependent on the coefficient of friction; which is difficult to
evaluate under conditions experienced by the fibers undergoing extension.

7I
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The agreement between experimental results with Machida'2 theory
provided the encouragemenit needed to aLubark on an expanded program covering
cotton/Dacron blends of higher cotton content.

This study covers the experimental evaluation of cotton and Dacron
blends, including blend ratios of 1.1 percent cotton through 100 percent
cotton.

Machida's Mdel Yarn Method

The development of a model yarn is the ýirst step in a more rigorous
treatment to the problem of yarn strength. This method also provides a

theoretical approach which is required in the analysis of the mechanisms
by which cotton fibers contribute to the strength of a cotton-Dacron
blended yarn. The model. used is a blended twisted structure composed

f of two different kinds of yarns, one which has a higher rupture elongation
(Dacron) and the other yarn, cotton yarn. It must be recognized that the
model blended yarn is somewhat different from actual staple blended yarns.
Specifically, the pressure distribution inside an actual staple yarn
structure is different from that in the model because the model yarn is
composed of continuous filament Dacron and continuous spun cotton yarns.

Therefore, tne magnitude of the strength contribtuion of the cotton
component can be expected to differ in the two systems. This difference
would be one of degree only for the interaction between the cotton fibers
and Dacron fibers under load must be the same.

-flh, use of a model yarn simplifies the mathematical analysis of
pressure and stress distribution in the yarn. The experimental work is
also facilitated when compared with Kemp and •wn's work on staple yarns
because of the large size of the cotton yarn segments measured in the
model system.

Machida studied the case when a single cotton yarn was blended with
Dacron. This was necessary to prove the validity of his theory, since
a single cotion yarn in the center of a large nL~mber of Dacron yarns
will not greatly affect the pressure distribtuion in the blended yarn
structure, even though the cotton is broken into several pieces.

The physical considerations which must be accounted f'ur in a model
yarn are as follows:

WWhen a blended yarn is twisted and elongated, Dacron fibers are

strained and develop an axial tension. This tension has a component

force directed toward the center of the yarn owing tu the twist angle.
The integration of all such component forces creates a Lateral pressuru
in the yarn. Thus cotton yarn in the blended model yaryi is subjected to

13
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tensile forces arising from pressure and elongation of the surrounding
Dacron yarns. Thus, if the broken lengths of cotton yarni, tested under
specified conditions, are measured, specific information will be obtained
on yarn pressure and frictional characteristics. Thus, the cotton yarn
in this case is used as a tracer material for measuring the combined
effects of pressure and friction. It is this experimental technique which
will be used to evaluate the yarns considered in this study.

Theoretical Analysis

The theoretical analysis developed by Machida is shown in Appendix
A. Machida's analysis allows pressure to vary. He provides the expres-
sions for maximum and average pressure in the yarn cross section.
Pressure in relation to yarn load, the effect of yarn elongation to
pressure, stress distribution in cotton yarn and theoretical broken
length.

The equations for pressure in a yarn cross section are of particular

initerest to this study and are extracted from Appendix A as follows:

The mathematical anal., is of the pressure distribution in the twisted
filament structure is as Qollows:

Symbols are defined in Appendix A.

P E ey
w(r) = 2 Lr2+ t 2

when 4w 2 t 2 R2  < < 1 (twist angle is small)

PC 2w t02 (Pressure in, center of yarn)

(I -f y)2

P 1/2 Pc Average Pressure

_ 2
Pr PC (i (Pressure at radial position r)

to Twist at no strain

S Yarn load

Ey Yarn elongation

mm4



C. Average broken length

3 Th
2 'ul DP

I •average broken length

I Tb = btLaking strength cotton yarn

r coefficient of friction

A D diameter of cotton yarn

P pressure on cotton yarn

.. • • •iperj-mental Studies

jeYarn Structure - The yarn structure desired is one that will conform

as closely as possitle to the mathematical model used in the theoretical
analysis, Appendix A.

The assumptions pertinent to the construction of the model yarns,
and the experimental means of achieving them are as follows:

i. The whole yarn structure is large compared with the cotton
yarn.

2. A model yarn consisting of a center yarn with five layers
4 of yarns encircling it was selected. For yarns of uniform diameter,

91 yarns are required to complete the model yarn. The 91 yarns are
geometrically arranged as follows: i yarn center; 6 yarns ist ring;
12 yarns 2nd ring; IS yarns 3rd ring; 24 yarns 4th ring; and 30 yarns
5th ring.

S-s Un itoz i%1Anzr c•s• tn c turL• '

Uniform. along its length and circular in its cross section. This
condition would require the elimination of feed rolls from conventional

. * laboratory twisters.

All fibers form concentric helice, (no migration of cotton yarns
A takes place.) This condition would require the elimination of feed rolls

* from the conventional laboratory twisters and introducing a means of
applying a constant tension to the yarns in each ring to control migration.

P
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S[ Twisting Eg'atpnent

The aboze conditions required the conturuct(ion of a twisting device.
. he essentia! features of thij nfw twisting device is a gui~e plate with.• 9 holes dhilled in the require.i ge metric arrangement, a creel to hold

The jar, ai,,d a guide plate w±th five' coicentric circles around the
* center hole. To "educe abrasion uf the yarns Ln pas..ing through the guide

plate, the plate was made of Tefiont"

Each y-irn drawn in t he appropria.te hole to sake up the blended
structure. A jepi: ate drawing had to bUf wade for each yarn structure
ttestEd. A creel wa-" constructed to bold the 91 yarns. The crreel was

[L designed to ,, i]d 100 plastic spools, only 91 of which are used. Fhe
plastic spo, s are placed on five bars, twenty spools to a bar. Eath
-pool measures 21 inches in uaimeter and approximately 3/8 inches in
wj.dth (24-inch tape recorder reels). The yarn is drawn from 'he spool
tchrough a gide, then drawn through the tension bars before being th--eaded
through th- guide plate hole. The tension on each yarn was measured with
a Chatillon sprijga scale, having a full scale reading of 50 grams. The
creel, guide plate and twisting device are shown in Figure 6. The twist-
ing head con :i.sts of a selsyn drive, mounted on a carriage. The speed
of the twisting head was varied to obtain the different twist levels used
in t Is study. The lateral seed of the twisting ihead is consistant.

- In the oruration of the spinning device, several operating techniques
had t, ý')' iarned for sm,0oothness of operation and to obtain a uniform yarn.

- .Initially the tend-on in the yarn was adjusted for each concentric
a ring, the highest terinin in the center an- lowest on the outside. However,

--A starting with L 4-j graL t-'nsion on the outside ring and increasing the
f tensicn of each ring by 3 grams, the tension on the center yarn amounted

.t 18-20 grams. While the relative loads are small, the increase in
•=Ir tension from center yarn to outside rinK represented a six-fold increase,

ThiL, was considered undesirable, since the center yarn would in effect
he strained and may influence the test results. A satisfactory operating
condition was achieved (i.e., the yarns formed an undistorted cone) when

I, 4-5 gram tension ws maintained for the center yarm and a 2-3 gram
tensio for the remaining yarns. A load of 3/4 lbs wa:, required 'o draw

ythe ami0 fc'r sp-nning.

A second uoi.dit ion was found 1,o be imaportant in orde-r to obtaina
uniifornmlv spun product, tnat is the distance from the guide plate to the
Spinnigg Ihead. The initial yarn length of 3 feet was found to be unsati-s-4` Tctory, becaus- ,' wccessive yarn wrap in the outer layers. A distan~ce

:Fluorccarboi filmn; F1. dul'ont do "e, -ur2 aud Company
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of 8 feet was tried next, but this distance proved too great; yarn wrap
of the outer layers was reduced, but the long span introduced too much
slack in the outer layers leading to greater lengths of yarn in the
outer ring. A four-foot length gave the best trade balance with respect
to evenness of twist and yarn length (no sag) in the outer rings. The
effect of yarn wrap in the outer layers was controlled by drawing and
spinning the yarns with only 3/4 of the necessary twist, then clamping
the far end of the yarn and inserting the remaining twist in the yarn
without drawing.

The third condition to be met is uniformity of tension. The yarn
had to be wound evenly on the plastic spools under uný.form tension. To
do this properly a winder had to be constructed as shown in Figure 7.
The winder in Figure 7 winds the plastic spools with a uniform wrap.
The machine is equipped with tension bars and all yarns were wound
under a constant tension of 5 grams. The reel (A) in Figure 7 was used
for winding the dyed cotton skeins, while the stand was used for winding
Dacron yarn.

Basic Yarns and Preparation for Twisting

Dacron Yarn. 70 denier, 34 filament, Dacron yarns were used without
modification. The Dacron yarn was wound on the plastic spool for use ii
the twisting device.

Cotton Yarn. The cotton yarn selected was a commercially available
single combed cotton yarn of 79 cotton count. Since it is desirable to
match the denier of the cotton to the Dacron the comparative denier size
can be calculated from the cotton count as follows:

Comparative aenier count - 5315
Cotton Count

5315 67 denier for cotton yarn.
79

The cotton yarn was skeined, scoured and dyed, then rewound on spools
for the twisting machine. A total of 91 different colors were dyed and
coded to enable identification of cotton with respect to the radial position
in the model yarn cross sections. The dye formulations and dyeing pro-
cedures are listed in Appendix B.

Model Yarns Spun

The total nuzmber of yarns in the model yar-, assembly is 91 yarns. The
following combinations ,f cotton and Dacron yarn3 were spun:

(1) 1.1% cotton - 1 cotton. 90 Dacrun yarn-

(2) 2.2% cotton (,otton centered) - 2 cotton, 89 Dacron yarns



I

417
A - Stand to unwind Dacron

B - Reel for unwin'Ung cotton skeins

G - Winder

Figure 7. Winder for Winding Plastic Spools
with Uniform Warp
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(3) 2.2% cotton (cotton outside shell) - 2 cotton, 89 Dacron yarns

(4) 11.3% cotton (centered cotton core) - 10 cotton, 81
Dacron yarns

(5) 11.0% (cotton distributed in cross section) - 10 cotton,
81 Dacron yarns

(6) 11.0% cotton (cotton outside shell, Dacron core) - 2_0
cotton, 81 Dacron yarns

%(7) 22.0% cotton (centered cotton core) - 20 cotton, 71
Dacron yarns

(8) 22.0% cotton (cotton distributed on cross section) -
20 cotton, 71 Dacron yarns

(9) 22.0% cotton (cotton outside shell, Dacron core) - 20
cotton, 71 Dacron yarns

(10) 33.0% cotton (centered, cotton core) - 30 cotton, 61
Dacron yarns

*• (ll) 33.0% cotton (cotton distributed in cross section) -
30 cotton, 61 Dacron yarns

(12) 33.0% cotton (cotton outside shell, Dacron core) - 30
cotton, 61 Dacron yarns

(13) 44.0% cotton (cotton centered, cotton core) - 40 cotton,
-.• 51 Dacron yarns

(24) 4".0% cotton (cotton distributed in cross section) -
40 cotton, 51 Dacron yarns

(15) 44.0% cotton (cotton outside shell, Dacron core) - 40
cotton, 51 Dacron yarns

(16) 56.0% cotton (cotton centered, cotton core) - 51 cotton,
40 Dacron yarns

(17) 56.0% cotton (cotton distributed in cross section) - 51
cotton, 40 Dacron yarns

(18) 56.0% cotton (cotton outside shell, Dacron core) - 51
cotton, 40 Dacron yarns

20



(19) 67.0% cotton (cotton centered, cotton core) - 61- cotton,
30 Dacron yarns

(20) 67.0% cotton (cotton distributed in crobs section) - 61
cotton, 30 Dacron yarns

(21) 67.0% cotton (cotton outside shell, Dacron core) - 61
cotton, 3Y acron yarns

1 c (22) 89.0% cotton (cotton centered, cotton core) - 81 cotton,SiO0 Dacron yarns

(23) 89.0% cotton (cotton distributed in cross section) -
- 81 cotton, 10 Dacron yarns

(24) 89.0% cotton (cotton outside shell, Dacron core) - 81
cotton, 10 Dacron yarns

(25) 100.0% cotton - 91 cotton yarns

(26) 100.0% Dacron - 91 Dacron yarns

Each of yarn combinations listed above required a complete rearrange-
ment of the 91 yarns and redrawing through the guide plate with its at-
tendant measuring of the tension in each yarn.

Model yarn with cotton yarns distributed in the cross section,
items 1, 2, 5, 8, il, 14, 17, 20, 23, 25, and 26 were spun at 5 different
TM levels--0.55, 1.1, 2.2, 3.3, and 4.4 TM, respectively.

AMfo
A TM of 1 or 3 was used for cotton core yarns.

A 'TV of 2 or 4 was used for Dacron core yarns.

The blend ratio and count of the model yarn spun is shown in Table i1.

Table III

Blend Ratio and Count of Model Yarns

Dacron & Cotton
No. of Dacron No. of cotton Denier Denier Cotton Count

- Yarns 70/34d. Yarns 67d. Dacron Gotton Denier Blend

91 0 6370 0 6370 0.835
S90 1 6300 67 6367 0.836

89 2 6230 134 6364 0.837
AV 81 10 5670 6,70, 6340 0. 840
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Table III (Continued)

rW Blend Ratio and Count of Model Yarns

Dacron & Cotton
No. of Dacron No. of cotton Denier Denier Cotton Count
Yarnns 70/34d. Yarns 67d. Dacron Cotton Denier Blend

71 20 4970 1340 6310 0.842
61 30 4270 2010 6280 0.847
51 40 3570 2680 6250 0.851
40 51 2800 3417 6217 0.855
30 61 2100 4087 6187 0.860

AL 10 81 700 5427 6127 0.869

0 91 0 6097 6097 0.874

Testing Techniques:

a. Cotton;jrn

Cotton rupture strength vs gauge length was checked by testing for
the following gauge lengths: 4, 8, 20, 40, 60, 80, 100, 150, and 200 mm.
The cotton was tested as received, i.e., undyed, scoured and dyed and for
the effect of added twist. The rupture strength for each gauge length will
serve as a basis for evaluating the forces exerted on the cotton in the blended
yarn. The length of the cotton yarn fragments will be compared with the load
elongation data obtained on the cotton yarns and the load data on the model yarns.

b. Model yarn tests

�i'he blended model yarns were elongated in the Instron tensile testing
a -• machine to several strain levels up to and including rupture. The radial posi-

, tion of cotton yarns in the cross section can be obtained by microscopic examin-
ation of the yarn.

The number of cotton yarns in the blended yarn can be obtained by
direct count or by blend level.

The twist can be determined by untwisting each specimen.

The yarn elongation and load level can be read from the Instron chart.

The number of broken pieces can be established by direct count of
the number of pieces taken from the dissected yarn.

* The average gauge length of 200 mm (8 inches) was selected for this
portion of the test.

The strained yarns were set aside and allowed to recover. The yarns
were then ... twise .a.d all the yarn segments picked up and measured.

* 22
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Factors to be considered in the analysis of the strained yarn:

a. Number of cotton fibers in the blended yarn.

7. %b. Twist level.

c. Yarn elongation level.

- r.d. Load level for indicated elongation.

I ,• e. Number of broken cotton pieces for each cotton yarn in
the blend.

f. Average length of broken cotton pieces.

g. The position of the cotton yarn in the cross section of
the model.

• The length of the cotton segments were obtained by direct measurement.
For pieces greater than 25 mm a conventional rule was used; for pieces

r less than 25 mm a wedge was used (Figure 8). The direct measurement of
I small cotton segments using the wedge presented some difficulty. The

broken cotton segments contained tails at each end which could not be
4• distinguished from the body of the broken segment. The tails had to

be included in the measurement of segment length. Thus the measured
cotton segments, when added, total a length much greater than the original
length of the original cotton yarn. This difficulty was not experiencedwtth longer boectonpieces, 25 mmn or greater inlength,beas

the tails of the broken pieces were small in comparison to the cotton
segment measured. To obtain an accurate evaluation of the critical cotton
length it was necessary to collect and count all the broken segments, then
divide the number of segments into the extended and relaxed length of the
tested specimen.

A The radial position of the cotton yarn in the cross section of the
model yarn is established by observing a yarn cross section and identifying4 t the yarn by color code (Appendix B) and radial spacing, ring 1, 2, 3, 4,

I or 5. Fractional ring designations were not used, but the yarn was fitted
OA into the ring containing the largest portion of the yarn's cross sectional

area.

1 7 iThe yarns for cross sectionizing were mounted in a frame and tensioned
to 5 percent extension (approximately 20-lb tension). Five sections of
yarn were used, each section representing a segment of four foot length

of yarn, Five segments of' yarn under tension were fitted in a form. A
"K 'resin was poured in the form and allowed to cure at room temperature.

"The types of resin used and the procedures are listed in Appendix C. The.Lii, tension frame and resin mold is shown in Figure 8.

I,,
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.o, 2.•A - Frame to stretch yarns

•"• B - Silicon frame for holding yarns for impregnation

'-• •C - Clamp for holding yarns which resin cures

• D - Mold for silicon frame

•'.• E - Chatillon spring scale - 50 grams

MeM

! • F - Wedge for measuring fiber length

V

:' •,• Figure 8. Tension Frame and R~esin• Mold
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} S • The resin impregnated yarns were sectioned with a hand microtome.

Sections less than 10/1000-inch were unsatisfactory--the yarn segments
dropping out of the resin. Sections 15/1000-inch thick were mounted

- on a standard microscope slide and examined under the microfscope for
diameter of model yarn, diameter of cotton yarns, and radial position
of cotton yarns. Five cross sections were examined for each yarn, onlyone of which was mounted into a permanent slide and photographed. The

r microphotographs were made with a UInitron adaptor for 35 mm camera.
"Ektachrome B indoor film with an ASA rating of 125 was used. A Unitron
substage illuminator was used. The camera speed was 30 seconds at fl.9.

4 iii b)Callbi'atton of( v ottM Yarn1;

• Cotton yarn diameter (D): Te cotton yarn diameter was measured
. in the model yarn cross section. The low cotton content model yarns (up
_ to 44 percent cotton) were extended 5 percent, corresponding to an

~ I approximate load of 20 J.bs. This places the cotton yarn under load both
7 in tension and pressure which serves to compact the cotton yarn, reducingt the diameter to more closely approximate the condition of test.

The diameter of the cotton ye.rn varied considerably, from a lcm of
0.06 millimeter to a high of 0.18 millimeter--a threefold (hange. The

,-- average diameter of the cotton yarn based on 100 measurements was found
7 . to be 0.091 millimeters.

.D 0.091 millimeters average diameter of cotton yarn.

Breaking strength of cotton yarns (Tb) - The measured strength
"of a cotton yarn is strongly dependent on the gauge length tested, in
particular, gauge lengths less than 10 centimeters. This dependence of
breaking strength on specimen length is due to a variety !if causes;
irregularities in the yarn of mass or twist, variation in thickness of4 & the yarn, and variations ini the fiber itself. ln addition to variation
in the strength along the length of the yarn, differences in strength
among different yarns must be evaluated. in this study the effect o.

- dyeing the yarns, and the effect of added twist had to be evaluated.

SThe , otton yarns were tested on the Instron machine using the PI
cell and a load range uf 200 grams. :teveral schemes were tried to eliam-
inate the effect of jaw penetration. Phe first of these was t., clamp
the yarn in the steel jaws. The test resultj, particularly for sh(.rt
gauge length, were extrerne4 .lcw. The second scheme tried was to imbed
the yarn ends in , rosin. 'his scheme was iscarded when no improvement
was noted in the breaking stretngth tested using the steel jaws, The highest

strengths were obtainied when the cotton yarns were mount ed ,n cardboard
r atabs and taped with a good grade of adhesive tape and then clamped in

SWe the standard Instron jaws.

" i/n
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The smallest piece of cotton yarn which could be gicked up without
disintegrating was 2 millimeters. Twice this length is 4 nmillimeters,
the shortest piece for which rupture strength was evaluated. The gauge
lengths tested were 4, 8, 20, 40, 60, 80, 100, 150, and 200 rm.

To test the effect of twist, two twist levels were checked--2 turns
per inch, and 1 and 4 tumns per inch. To test the effect of dyeing the
yarns, all 91 dyed yarns were used. The yarns were separated into 10
groups. An average of 100 tests were run on each group. Each group
contained the gauge length variation listed above. Each color was tested
twice. On those colored yarns in each group of 10 which showed a very
high or very low load, five additional tests were run. It was found that
extremely high loads or extremely low loads were due to local variations
in the yarn structure (yarn irregularity). It was further found that the
effect of added twist and color was negligible and a composite curve for
all colors could be used for the strength of cotton yarn at different
gauge lengths. Four typical curves of the 10 test runs are shown in
Figure 9. These curves represent the highest and lowest values found.

Machida found that the coefficient of friction between cotton and
Dacron is difficult to determine under conditions of test. Since this
coefficient is a compromise value, the value selected for this study is
given below:

S= 0.25

Test Results

The data for _.11 yarns are shown graphically in Appendix D, Figures
1 through 90. Six sets of data are presented as follows;

1. The effect of twist on the load elongation behavior of the
yarn.

2. The effect of cotton core (Dacron shell) on the load elonga-
tion behavior of the yarn.

3. The effect of Dacron core (cotton shell) on the load e].onga-
tion behavior of the yarn.

4. The number of broken pieces of cotton yarn found after
stretching the model yarn to a given extension.

26
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"5. The method of propagation of cotton breaks and their

4. 1,cattin in The yarn model.

6. A tabuation of critical fiber lengths as a function of

the cotton-Dacron blend ratio and radial position in the yarn cross
section.

Ln the following discussion, the radial position of the cotton
Srepresents an average of 5 separate observations. The observations

were; made on , different cross sections, each cross section representing
a different 4-foot length of model yarn. Although special precautions
were taken Li prevpnt migration of the yarns, migration of the yarn by
one ring position was found. The extent of this migration can be seen

by selectzng one yarn as a typical example: a blend of 22 percent cotton,
A 78 riercent Dacron with a Dacron core (cotton shell). The model yarn cross

4.at sec- .. is represented by 91 circles geometricaiwy arranged as shown in
" Figu,• i0. The numbered circles repres,.nt the location of cotton yarns.
9. ,gThe aetnd of numbering will be discussed below in describing the location
A and propagation of the yarr breaks. The 20 yarns were inserted in the

fourth ring (Figure 10a) and carefully twisted. The average radial posi-
ý.Aron of the yarns fo-nd is shown in Figure lob. This represents a ch-age
in radial posit ion of one ring. it can be as--med that the yarn has moved
either outward or inward 1~ 0.21 1'i However, s~ince the stress-strainr
cur-ves are averages of 2 tests for the breaking extensions and averages

£f 4 to J14 tesjts fo~r The Iowe exte-nsion, is assned htrda
oositions of the coýton yarns as shown repr•esent their average position
-I or all tne yam.s analyzed.

D isc .ss on

This discussion will cover the fo:llwing conditions of test, not

•n the or.r listed:

.1 Dfacron-cotton blend ratios coverings cotton contort of U,
1.1, 2.2 ii, 22-, 33, 44, §6i. t, 8,9 and 100 percent.

2. The f, 1,w-i nrg twis't -lev..ls arn considereij ;.55, L.1 2.2,
"3.3 and 4.4 T-

3 "he e; 1':', i piaz:ing cot ,on or Dacron C( be co: 9the

4. o:f' " , " sotir: or; the critical length of the

S"'T, i.3

:1 'nn at 2l ca''oi pr~mio <re;'a cc intoe SP~ crss-

'3 Imi m
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6. Propagation of cotton breaks in a Dacron-cotton blend.

7. Suammry of factors describing the mechanism of fiber to
fiber load transfer and the mechanics of rupture of Dacron-cotton blend.

Effect of JDacron-aotton(iBendu.•9• o ritpnt,ý.od Yarn

The strength of the 70/34 Dacron yarn as tested has a strength of
3.86 grams per denier while the strength of the cotton yarn was found
to be 2,09 grams/denier. The predicted strength of blends of the two

•- yarns, using the technique proposed by Hamburger(ll), is given in Figure
"h•a which shows that tht strength of the blended yarn should never be
less than that of the cotton fiber. This is generally the case and is
shown in Figures lUb, 0.55 TM; l1c, 1.1 TM; lid, 2.2 TM; Ile, 3.3 TM;
and 11f, 4.4 TM. In each of the figures, there appears to be fair to

A good agreement with the predicted curve at low cotton contents, but
after passing the 50 percent cotton blend level, the strength of the

M blended yarn is much below the predicted strength. At 0.55 TM, the
departure of actual yarn strength from the predicted strength can be
explained as follows: the low twist level does not allow the inter
yarn friction to build to a level where the yarns reinforce one another,
adding to the strength of the yarn structure. At 0.55 TM twist the
individual yarns in the mudel yarn act more or less independently, and
where there is a high percentage of yarn of uniform strength (Dacron),
closer agreement will be reached with the predicted behavior; where the
higher proportion of' the yarn is less uniform in strength (cotton), a
greater divergence from the predicted strength will occur. Additional
insight to this phenomenon will be obtained under the discussion of the
effect. of twist. As twist is inTcreased, Figure llc, 1.1 TM and lld,
2.2 TM, the agreement between experimental and theoretical results, while
not good, show an improvement over 0.55 TM yarn, Figure lbb, particularly
in- the region of high cotton content. It is suggested that the reason
for this is the greater friction between the yarns, causing the cotton yarns
to react to the load in a group, reducing the early breakage of the weaker
fibers. With 1.1 TN and 2.2 24 yarns, not only is there better agreement
with the thecretical predicted strength but, as expected, the strength of
the yar is increased. With the 3 •M yarn, the overall strength of the
blended yarn has pasoed the optimum strength twist reiz Lionship, and while
the strength of the 5.3 TM yarn is not much different from the 2.2 111M
a !light decrease i breakin,.g strength is noted. A further decrease
ii slrength as well as poorer agreement with the theoretic.al curve occurs
with the 4.4 TI blend as -hown Ln Figure 11f. It will be shown later
under the effect of twist that a different mechanism of break is operative
at the higher TM levels. The breaking elu.-gations of the blended yarns
are shown Ln Figures 1a, .55 TM; 12b, 1.1 TM; 12c. 2.2 TM; P2d, 3.3 TM;
and 12e, 4.4 TM. An examination of Figures 12a, .55 TN, and 12b, 1.1 TM,
shows that for cotton content of up to 33 percent, the breaking elongatton

30
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is hot very different from that of 100% Dacron. At 44% cotton (Fig. 12b)

S"two breaking ewctnsionu were obtained, one approaching the breaking extension
for Dacron and the other approaching the breaking extension for cotton. It
is suggested that this jower point (cotton breaking extension) results from
yarn slippage at the low twist levels. In fact, in Figure 12b, the upper
point reflects the slippage due to friction between the yarns while thelower point reflects a cotton core yarn, where the surface contact between
cotton and Dacron is minimized and a catastrophic failure of the 40 cotton

yarns caused the Dacron. yarn to fail. A suggested mechanism of failure will
_#' ,be explained below under the effect of twist, Figures 12c, 2.2 TN; 12d, 3.3

TM; and 12e, 4.4 TM. It, should be evident that for cotton contents of over
a• 33%, the breaking extension is equivalent to that of cotton and for cotton

content of 33% or less, the breaking extension of the blended yarn is equiv-
* alent to that of Dacron. The second point on Figure 12c at 33% cotton content

is for a yarn with the cotton primarily in the shell (Fig. 57, Appendix D).
In this case the 30 cotton yarns broke but the Dacron core was still intact.
However, with the cotton shell broken, the yarn was not considered serviceable
and the test terminated. It would appear from the data on breaking extensions
for Dacron-cotton blends that two levels of breaking extensions are possible;
at cotton contents of 33% or less, the breaking extension of the blended yarn

S decreases only slightly from the breaking extension of 100% Dacron. At low
twist levels of 0.55 qT1 and 1.1 TN, a fairly high breaking extension is realized
"up to 44% cotton content. At 44% cotton content and TE s 2.2 through 4.4, and
for blends with cotton untent greater than 44.Z, the breaking extensions are
primarily thie same as those for 100% cotton yarns.

It is interesting to note that the discrepancy between theoretical and
experimental results found in this study was with the yarns of high cotton
content. Kemp and (Oen, with their cotton-Nylon staple blends, found a dis-
crepancy in the region of low cotton content ef 2U to 40% cotton in a blend
of' Nylon. It should be remembered that the theoretical basis for predicting
the strength of blends does not account for tiij Lnteraction between the4 component fibers. However, nonetheless, it would be interesting to investigate
the reason for the differences found. Whether the difference in behavior is
due to the difference between the model yarn and a staple fiber yarn, or

whether the difference is due to the stress-strain behavior of the component
. • fibers, woul.d form the subject -f ar. interestii , paper.

The load elongation curve, for c.otton-Dacron blends are shown in
Appendix 0, as follows:

Figure I - 10(0 Dacron

Figure 2 - 1.1%
g.Figure 3 -. 2%

Figure 4 - 11.0%
5; Figure 5 - 22.0%

A..

'low



Figure 6 - 33%
Figure 7 - 44%
Figure 8 - 56%
"Figure 9 - 67%
Figure 10 - 89%

at Figure 11 - 100%
cotton content

An examination of these figures shows that as twist increases from 0.55
TM to 4.4 TM, the breaking extension increases and in general the strength
of the yarn does not change significantly from the strength of the 1 TM
twist for each blend level. Each blend level must be examined separately.
The 100% Dacron should increase in breaking extension and the strength in-
creases from 0.54 TM to 1.1 TM then decreases. The lower strength for the
0.54 TM yarn is attributed to the low twist which, as will be shown later,
does not develop high frictional forces between the yarns; this is notice-
able by the drop in strength at the higher levels of extension. Generally,
the same reaction to load is shown in 1.1 and 2.2% cotton content. In thisV case, the cotton content is too lo;w to exert any influence on the behavior
of the load elongation characteristics of the Dacron yarn. It should be
noted that th- 3.38 TM curve in Figure 2 shows a slightly greater extension
than the higher twist 4.37 I'M curve. This was due to a 2% greater length
in the cotton yarn before testing (20.4 cm instead of 20.0 cm). In Figure
4, 11% cotton content, the load elongation of the mode-- blended yarn sh.ows

a slight change in shape; a dip appears just beyond the yield strt~s and it
will be shown that this dip is due to rupture of the cotton yarns, Machida's

29 first yield point, The strength of the yarn after this initial dip contin-
ues to increase until the rupture elongation of the yarn is reached (Machida's
second breaking load). The dip in the load elongation curvc is not apparent
in the higher twist yarns (3.25 and 4.37 M4). This is due to the cotton

yarns in different radial positions not reaching their breaking elongation
at the saisu exLtension. The level of elongation at break is only slightly
less tian the 100% Dacron and the overall strength is lower because of the
replacement of the stronger yarn for a weaker one. The yarns with 22% cot-
ton and 33% cotton show a deeper dip after the first rupture point; the
curve at higher loads is flatter than the higher content Dacron yarns.
This is due to the higher proportion of cotton which contributes to the
strength of the blended yarn by continuing to break as the blenced yarn
is elongated to its breaking extension. The yarns at. the low twist levels
did not break cleanly, but some of the Dacron yarns rumained intact, only
to break at a higher extension. This phenomenon caen only occur when the
frictional forces are low and, in the situation where the 'Dacron yarns break
at a higher extension, these yarns are not fully contri.buting to increasing
the breakijng strength of the blended yarn. In 44% ctton, 56'f cotton, 61%
cottorl, 89% cotton and 1l0t cotton, the first break in the blended yarn is
accentuated as the cotton content is increased; also, at low twists (0.54
and 1.1 TM), the strength of" the D.acron yarns i.s not fully t allizud, silice

7 some of the Dacron yarns break over a range of extensio,_s Lec'use of the

a 3
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frictional forces being too low to allow the yarn bundles to react to the
imposed loads as a unit. The effect of blend ratio in a cotton-Dacron blend
and the strength and extension properties of the yarns are summarized in
Figures 13, 0.54 TM; 14, 1.1 TM; 15, 2.2 TM; 16, 3.3 TM; and 17, 4.4 TM.
Each figure shows four load elongation curves at different blend levels:
the 100% cotton and 100% Dacron controls, the 33% cotton content, and the
44% cotton content yarns. The blend levels selected represent a break in the
load elongation behavior of the blended yarns. At low twist levels, 0.54
TM and 1.1 P4 (Figures 13 and 14), the blended yarns increase in strength
until the first rupture point is reached, then the strength of the yarn drops
to the level of the strength of the Dacron yarns. This drop in strength is
due to the rupture of the cotton yarns and the low frictional forces between
the yarns which allow the extending Dacron yarns to slide over the broken
cotton yarns. As the blended yarn ext-ends, the pressure within the yarn in-
creases, increasing the frictional force between the cotton and Dacron yarns,
Sthereby reducing the slippage between the yarns in which case the strength of
the blended yarn is increased. This mechanism Qccurs for each peak shown in

- the stress-strain curve. It will be shown that after each peak additional
cotton yarns break, or each cotton yarn breaks into smaller fragments. At
higher twist levels (2.2 TM, Figure 15; 3.3 TM, Figure 16; and 4.4 TM, Figure
17), the load elongation behavior of' the 33% cotton content. blend reacts as a
Dacron yarn; i.e., the yarn carried a load over three times the elongation

• of the first break in the blended yarn. The flat shape of the curve beyond
the yield point is an indication that the cotton is contributing te yarn
strength beyond its breaking extension. The yarns with 44% cotton content
show a different behavior to load where the yarn reaches its rupture extension,
right after the first break. This is due primarily to a change in the mechanism
of rupture. The cotton yarn rupture at the higher twists is pr<obably due to
the frictional forces between the Dacron and cotton yarns which prevent the
Dacron yarn from slipping past the :otton; therefore, after the rox ton yarns
rupture, the gauge length of the Dacron yarns now becomes the width of the
cotton yarn break; extension of the Dacron yarns is accelerattd, and rupture of

4 the Dacron yarn is quickly, reached, a.lnost simultaneously with the cotton break.
This finding is in agreement with Machida's observation t.1hat in Nyion--cot.t,.,n
and Dacron-cotton blends, the maximum blend ratio of cvtton ts found ,pri-
mentall, to be lees than 50%, in order to extend the blended yarn ,ver the
first rupture point.

"It should be noted that the stiffness of the 414' cotton blend is lower
than that of the 331' cotton blend at 2.T 'TM; h)wever, at 3.3 TM thu stiffness
of the 441 blend is equal to or greater than that. ,f the 331 cot, and at
4.4 TM it is greater still. This can De attributed t.,, a difftere1ncC in the
absence of cotton yarn rupture. In the case of the 44:f, blend, thu cott,in
yarn rupture for all cot ton fibers is catastrcphic; in the casu whe-re the
cotton yarn breaks into fragments, the load is relieved and frict.inal slip--
ping ,ccurs, lowering the ultimate load and permitting a load sharing betwuen
yarns of different rupture ext.ensins. A further iivest• iga- il -I this
phenomenron would make an int eresting sub jec[ fr a separa~e paper.
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In summary, the effect of cotton-Dacron blend ratio on the load
elongation behavior of the blended yarn is as follows: for cotton contents
of 33% or less, the yarn carries its load beyond its first rupture point.
The load extension behavior is similar to an all-Dacron yarn. Between
33% and 44% cotton content, the load elongation behavior becomes twist
sensitive. At low twists, 0.54 and 1.1 TM, the 44% cotton content yarn
carries its load beyond the first rupture point. At twist levels of 2.2
TM through 4.4 TM, the yarn did not carry its load beyond its first rupture
point. In this respect, the blended yarn at the higher twist levels reacted
as a 100% cotton yarn, but it is stronger than an all-cotton yarn.

1-Ef±fect of DaamCcire

The effects of Dacron nore are shown in Appendix D, (Fig. 12, .1%
cotton; Fig. 13, 22% cotton; Fig. 14, 33% cotton; Fig. 15, 44% cotton; Fig.
16, 56% cotton; Fig..17, 67% cotton; and Fig. 18, 89% cotton). The results
of placing the Dacron in the center of the yarn appear to be inconclusive for
the twist levels tested. More positive information is obtained from the ex-
amination of critical fiber lengths. A study of the effect of Dacron core
should be investigated further, covering a greater range of twist levels
than was included in this study.

The load extension curves for the cotton-Dacron blends having a cotton
core are shown in Appendix D, (Fig. 19, 11% cotton; Fig. 20, 22% cotton;
Fig. 21, 33% cotton; Fig. 22, 44% cotton; Fig. 23, 56% cotton; Fig. 24,
67% cotton; and Fig. 18, 89% cotton). The results shown appear to be in-
clusive for the twist levels tested. As above, an examination of the
critical fiber length provides a better insight on the effect of the
Dacron core on the strength of the blended yarn. A study of the effect
of Dacron core on the strength of the yarn should be extended to cover a
greater range of twist than those covered in this study.

Aversc6- uroin tLeRA-th OTf Gottohn YarnL

The data in this section are shown in Appendix D, (Fig. 25 through
90). The results found in this portion of the study contain many points of
similarity of one yarn blend to another; therefore, it is not intended in
this discussion to present a detailed analysis of all the figures shown--
rather, the pertinent findings will be discussed using selected figures with
references made to the other yarns showing sirmilar characteristics.

The data presented in this very interesting section contain the
following:

a. The load elongation.
b. The average number of broken lengths of cotton yarns.
c. The radial locations of the cotton yarns in an idealized yarn

cross section.



d. The number of broken pieces and the location of the breaks in
the yarn.

An explanation of the methods used .fn presentin, the data is in order.
The plot of the load elongation carve is computed to inciude yarn rupture.
The average number of broken cotton pieces are shown as vertical lines
superimposed on the load elongation curve at the extension where yarns
were tested. Each sinall square on the graph represents one piece of cotton
yarn. Each line represents an ave-rage -:f two determiniations. The ideal-
ized cross section of the model yarn is added as an insert on the load
elongation chart. The cross section contains 91 circles--each circle rep-
resents one yarn in the model. 'Ihe numbered circles represent cotton
yarns--the blank circles represent the Dacron yarns. In each case, the
cotton yarns are located in a•,cordance with the radial position in the
model yarn testtd. The number of cotton pieces, their lengths, and ap-
proximate location of the breaks are includec as separate diagrams. To
show the progression of this propagation of oreaks in the cotton yarn
(increasing pressure), one diagram was included for" eac.` level of exten-
sion tested. The diagrams represent the 91 yarns used tc. spin this mode]l.
1he yarns are arranged in accordance with number cf yarý,n.s im each concentric
ring. In addition, the yarns are numbered. (The yarn number on the
diagram coincides with the number of the cotton yarns showen in the ideal-
ized cross sections.) The diagrams are designated as the a & b ýart, of the
figure number given to the accompanying load elongation curve,

To simplify the following discus-vion, the figuru number given will

include all data including the load eclngation curve, the number of broken
cot; on pieces, the radial position of ths cotton yarns, and the cotton
brec:( diagrams for different exLensions.

The effect of twist on pressure generated in an extending yarn can
r best be illustrated with the 1,1% cotton-98.9% Dacron blend, Appendix D,

Figures 25 through 29, inclusive.

' ince this blend ratio is analogous to that used by Machida, direct
comparison may be made with his theoretical work. The relationship between
interoal yarn pressure and twist in a yarn being extended is given (Appendix
A) asý:

1 4P(r) 2 t 2o S (1 - r2 )
S(1 + y)

This equation shows that the pressurte is directly related to the
initial twist squarei, L.ad, and the fractional component of the radial
position of the yarn. It, is inversely related to the yarn extension
squared

An examination of Figure ,7, 0.54 T11; Figure 26, 1.1] TM; Figure 27,
2.2 TM; Figure 28, 3.3 'IN; and Figure 29, 4.4 TM (Appendix 1), shows a rapid
increase in the nu.ber of broeen yarns with increasing twist. It can readily
be seen that as the twist is increased, :he number of cotto., pieces increaseb
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for any given extension in the 5 curves. Now, for any given gauge length,
the increase ini the nuimber of pieces would be reflected in shorter cotton
yarn lengths. The si~orter the yarn segment., the greater must be the fric-
tional force to cause the cotton component, in the blend to reach its rupture
strength. The frictional force on the cotton segment can only be developed

;17 by pressure on the cotton yarn. The greater the pressure, the greater the
frictional force between yarn elements; therefore, there must be a direct
relationship between internal yarn pressure and the number of cotton pieces
found in an extended blended yarn. With this explanation of the relation-
ship betwee:, cotton yarn pieces and internal pressure in an extending yamn,
it may be assumed that good agreement is found between the test results
shown in Figures 25 through 29 (Appendix F)) and the theoretical expression
given above. The curves show a continual incerease in pressure as the yarn is

VL extended, reaching a peak at 15 to 20% extension; i.e., the number of broken
cotton pieces reach a maximum in this region. Beyond the 20%, extension, the
number of pieces should remain constant. This was not the case in this;
study. The results were erratic. For some yarns, the number of broken pieces
found at extensions above 20% increased; for other yarns it decreased; still
other yarns showed an u~p and down variation. To obtain more consistent
values, statistical techniques must be used, It should be pointed out that

4 the pressure peak found between 15 and 20% extension is lower (20% to 25%)
thnta fudbkacia2) The difference may be due to a difference
in the radial positions of' the yarn.

The load-extension data for the four 1.1% cotton 98.9%~ ilacro.r curves
also provide an insight to the mechanism for fiber to fiber load transfer
in a yarn uindergoing extension to break. This mechanism may be divided Into
three phase. as follows:

A a. At low extension and up to the first rupture point, the load
carrying capacity is shared between the Dacron and cotton.

1. After the first rupture point, the cotton component contiinues
to contribute to yarn strength by the combined mechanism of frictional rt--
sistance and by breaking up into successively smaller pieces. This mechanism
is operative until the yarn reaches 15 to 20', extension. The evidence fur
this is the increasing number of broken cotton yarn pieces found as the
yarn is extended to 20%.

c. Above 2CV% extens3ion, the nechanism is one of frict~ional re-
sistance enc 'mntered by the still extending Pacron yarn as it slips by the
cotton segmený s. '[he evidence fu-r this is the relatively small differenice
in the number oif r-tton pieces found in yarns extended beyond .'U". Another
liltereortirl observation~ is the extension at which the cotton yarn breaks
for each twist (Appendix T), Figure-, .'5, 0.54 'IM). The- first break is Thserved
atL 61, e xte-nsio)n. This breaking, ext ensiori is close to that ,f the cotty) yarni
ab'*vc 5.5X indicating low internal yarn pressure. In Appendix ;j, FJgure 9-,,
1.1 '14 anid 2.2ý TM, the- first o(ttiýn yarn breaks for both yav-ns -ocurro!d at. 71"

A



extension, but the 2.2 '1Th yarn had more broken pieces indicating a higher
internal yarn pressure due to greater twist.

In the 3,3 TM yarn, Figure 28, Appendix D, the first break was found at
8% extension while in the 4.4 TM yarn the first break was found at the 11%
extension. In the latter yarn, the initial breaks consisted of 6 to 8 yarn

0• pieces indicating a high pressure in the yarns even at these low extensions.
The increase in the initial breaking extension with an increased twist level
is probably due to the increased length of the helical path of the yarn with

_- increasing twist.

The number of broken yarn' pieces in a given gauge length is the
A reciprocal of the average broken length of cotton. The correlation between

the theoretical and experimental broken lengths was previously shown in
Figure 5. It was the good agreement found which provided the encouragement
to expand the study to cover other cotton-Dacron blend ratios.

"The mechanisms for fiber to fiber load transfer discussed above appear
to be operative for cotton-Dacron blends up to and including 33% cotton.

The effect of radial position of the yarn with the number of broken
pieces is best illustrated with the 2.2% cotton, 97.8% Dacron blend,
Appendix D, Figure 30 through Figure 36, inclusive, An examination of the
load elongation curves shows an iLncrease in the number of pieces as the
extension increases. The number of broken pieces increases more rapidly j
at extensions up to 15 to 20% than at extensions greater than 20%. This
is consistent with the results found for the 1.1% sotton, 98.9% Dacron blend.
In all but two yarns, the number of broken pieces is greater for the yarn

4 closer to the center. The two exceptions are the 0.54 TM yarn and the 2.2 !
TM yarn, Figures 30 and 36, Appendix D. The 0.54 'DI yarn showed slightly
more breaks in the outer yarn. The difference in the number of breaks is
small (5 for the inner yarn and 7 for the outer yarn). There are two pos-
"sible explanations for this. One is that the level of twist is too low to
build up much pressure in the yarn, tLhereby reducing the fr- tional force
and permitting slippage between the cotton and Dacron yarrs. ln the second

. yarn, 2.2 TM, Figure 36, both yarns are ýn the outside r.uig. The difference
"in the number of yarn piece6 is greater and the only po-sible explaniation

-- is that of yarn migration.

The mechani.sms of fiber-Co-fiber load transfer are _,perative for cotton-
Dacron blend ratios of 11% cotton, 89% Dacron; 22% cotton, 78f Dacron; and
33% cotton, 67% Dacron; Figures 37 through 57, Appenuix D. (;" theue yarns,
Figures 37, 50, and 51, represent cotton c<,re yarus; ikgures 43, 44, and 57,
represent Dacron core yarns; the c•ottn in this remai-ning yarn is distributed
in accordance with the idealized crosse-sct ion shýwn r.n the graph. Th e t hree
cores will be discussed separately. Iigures 28 trhnugl 42, Appendix fl, show
the results for the 11% c,-,tton, 89,f, Dacron blend: t"igure1345 through 49 show.• ~the re su l ts fo r 22% cot tun . 8 Fey hja crr ,n t•len d . an d sl: r • .: hh, ,• ; , rh,';
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the results for 33% cotton, 77% Dacron blend. The vertical lines on the
load elongation chart represent the average number of breaks for all the
cotton yarns in the model. The number above the vertical lines indicates
the number of cotton yarns broken for the indicated extension. The three
blends have many features in common; for example, the yarn break diagrams
attached to the load elongation curves show that the cotton yarns sustaining
the higher number of breaks are closest to the center of the yarn. Also,
the diagrams show that the breaks start at the center of the yarn and
propagate outward. All blends show an increasing number of cotton yarn
breaks with increasing twist.

The specific differences among the curves reflect the increasing amount
of cotton in the blend. The greatest difference is shown in the 0.54 TM
curves, Figure 38, 11% cotton; Figure 45, 22% cotton; and Figure 52, 33%
cotton. An examination of these curves shows a dip right after the first
rupture elongation. This reflects the rupture of the cotton yarns, and a
low frictional force which allows slippage between the yarns. Figure 52,
33% cotton, shows an interesting phenomenon which possibly best illustrates
the two mechanisms of fiber to fiber load transfer which are operative in
an extending yarn. This curve shows two peaks, one at the first rupture
point (8.5% extension) and the second at 11% extension. It is suggested
that after the first rupture elongation the yarn started to recover its
strength by the mechanism of fiber breakage as well as frictional resistance.
The additional 18 fibers broken at the second peak, the 30 yarns broken at
12-1/2% extension, and the increase in the number of pieces at 12-1/2% ex-
tension all indicate this. Beyond 12-1/2% extension, the average number of
broken pieces remained constant indicating that the cotton ccntributed to
the strength of the yarn by providing frictional resistance only.

Except for the effect of the dip in the curves after the first break
for the three blends, and the lower strength as the cotton content increases,
the three blends react in the same manner to increasing twist. As twist is
increased the shape of the-curve at the first break rounds off. The reason
for this can be seen by examining Figures 38 and 42, 0.54 TM and 4.4 TM,
11% cotton, 89% Dacron blend (Appendix D). At the low twist, all ten cotton
yarns break within a change of 1/2% extension, with the higher twist the
cotton yarn, breaks are not-as abrupt but extend over a 3% change in extension.

Dacron Core Yarns

Figures 40 and L3, Appendix D, 11% cotton content at the 2.18 TM level,
illustrate the generJl behavior of a Dacron core yarn with that of a yarn
with the cotton distributed in the cross section. As shown previously,
there is little difference in the breaking lcad or extension. However,
fewer cotton pieces were found at each breaking extension for the Dacron
core yarn in Figure 43 than for the yarn with the cotton distributed. This
finding suggests that in a Dacron core yarn the cotton component is not



being utilized to its maximum potential in contributing to the strength of
the blended yarn and, theoretically, this could lead to a&.ower efficiency
with respect to yarn strength than with the same amount of cotton distributed
in the cross section.

The same general observations may be made for the 22% and 33% cotton
content, Dacron core yarns, except for the 33% Dacron core yarn, Figure 57,
Appendix D. The cotton shell was lost at the 15% extension level, and the
cotton ceased to contribute to the yarn strength. It would prove interesting
to investigate the effect of Dacron core yarns at different twist levels than
the 2.18 T4 used here.

.,Cotton Core.Yarns

The 11% cotton content yarns are shown in Figure 37, cotton core, and
Figure 41, cotton distributed. The cotton core yarn at this level of twist
appears to be slightly stronger and more extensible than the yarn where the
cotton is distributed in its cross section. This increase in strength is
accompanied by a greater number of cotton pieces found in the cotton core
yarn. The greater number of cotton pieces found for the cotton core yarn is
consistent with the relative positions of the cotton yarns in the two models.
Figure 37, cotton core, shows the cotton yarns near the center of the yarn
(the area of highest pressure), while Figure 41, cotton distributed, shows
the yarns scattered throughout with only 3 of the cotton yarns in the rela-
tive position of the cotton core. It must be concluded that for this blend
level and twist placing the cotton in the core of the yarn improves its
strength. However, it will be necessary to conduct additional studies at
other twist levels to determine the general application of the results
obtained above.

The results obtained with cotton core yarns with more cotton (22%
and 33% cotton) are not as conclusive; however, these blends were spun at
a lower twist level (1.09 TM) and presumably more slippage occurred between
the cotton and Dacron yarns. This is indicated by the greater extensions
shown in Figure 50, 22% cotton content, and Figure 51, 33% cotton content,
when compared with the curves for the distributed cotton yarns (Fig. 46,
22% cotton content, and Fig. 53, 33% cotton content, Appendix D). In both
cases, fewer cotton pieces were found for the cored yarns than for the case
where the cotton was distributed in the cross section. This should indicate
a higher strength for the yarns with cotton distributed. This was indeed
the case for the 22% cotton blend (Fig. 50), cotton core, and Figure 53,
cotton distributed, but did not hold for the 33% blend (Fig. 51), cotton
core, and Figure 53, cotton distributed. One possible reason for this may
be obtained by examining the curve for the curve yarn, Figure 51. This
curve shows a real slipstick phenomenon. It has six peaks. The evidence
of slippage here is the slow rise in the average number of breaks and the
ragged peaks. The pattern of breaks is also different. With the cored
yarns, the breaks appeared to be in bundles of 20 or 30 yarns breaking to
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equal length. When the bundles were separated, some yarns inside the bundle

showed additional breaks. In view of the results obtained with the 11%

cotton blend at the higher twist level, one hesitates to draw any conclusions

from the results shown above without first testing the 22% and 33% core yarns

at higher twist levels.

The 44% cotton, 56% Dacron, blend represents a transition blend from

cotton-Dacron blends which retain their strength after the first break to the

blends that rupture at the first break. The data on th6 W/% blends are

shown in Appendix D, Figures 58 through 64. Figure 58 should be a Dacron

core yarn. An exazLtnation of the cross sectional diagram shows that except

for seven Dacron yarns in the center, the core effect was not achieved.

Nonetheless, when this yarn is compared with Figure 61, 44% cotton, 56%

Dacron, 2.17 TM, the seven Dacron yarn cores appeared to be effective. The

core yarn started to lose the effect of cotton on its streagth at an ex-
tension just beyond 10%. The yarn then started to reeovesrts strength
when more cotton yarns broke and at 11% extension the cotton ceased to

contribute to the yarn strength. This is shown by the number of cotton
pieces found at extensions above 11% which remained constant. The 44%
cotton distributed yarn did not carry through the first rupture point. The

mechanism of yarn rupture here was previously discussed--it is due to the
rapid elongation of the Dacron after the cotton yarns rupture. The same
comparison and comments can be made for 56% and 67% cotton content yarns,

as shown in Figures 68 and 71, and Figures 72 and 75, Appendix D, respec-
tively.

The 44% cotton content yarns at low twist, 0.54 TM and 1.09 TM, carry
their strength tbrough the first rupture point. Figure 59, 0.54 TM, and
Figure 60, 1.09 TM, Appendix D, illustrate this. The curves also indicate
that there is a good deal of slippage among the fibers as they are being
extended. This is shown by the ragged shape of the load elongation curve
and the low average number of pieces found in the yarns.

Figure 62, 3.26 TM, and Figure 63, 4.35 TM, Appendix. D, represent 44%
cotton distributed yarns which did not carry their load beyond the first
rupture point.

Figure 64, 44% cotton, 56% Dacron, 1.01 TM, Appendix D, was intended
for a core yarn. Except for 13 cotton yarns which are in the center, the
rest are distributed. Interestingly enough, the cotton yarns are clustered

and the effect shown by the curve must be a combination cotton core yarn
and clustering effect. It can be seen that by comparison with Figure 60,
+4% cotton distributed, the 44% cotton distributed yarn does carry its load
more efficiently over greater extensions than in the cotton core case.



One method by which a blended yarn loses strength efficiency is by
low frictional resistance among the fibers. The effect of low frictional
resistance among yarns in the model is clear'4 shown in the high cotton
content yarns wnere there are too few cotton to Dacron contacts because of
the low amount cf Dacron present. In this situation, when the cotton fibers
reach their first rupture point, they quickly cease to contribute to yarn
strength. The Dacron continues to extend. The phenomenon of fibers break-
ing at different extension reduces the overall load the yarn will sustain.
Typical examples of this phenomenon are shown in Figure 65, 56% cotton,
44% Dacron, 1.08 TM; Figure 66, 56% cotton, 44% Dacron, 0.54 TM; Figure 67,
56% cotton, 44% Dacron, 1.09 TM; Figure 73, 67% cotton, 33% Dacron, 0.54 TM;
and Figure 74, 67" cotton, 33% Dacron, 1.08 TM, Appendix D (all yarns with
low twist). These blends with higher twist (2.17 TM, 3.38 TM, and 4.35 TM-)
do not carry their load beyond the first rupture point.

At the blend level of 89% and 100% cotton, the yarns of 'interest are
those of low twist. In testing the yarns, the individual strands broke
at their weakest point. The yarns remained intact, but they would sustain
no loads/extensions. The yarns which exhibited this phenomenon are found
on Figure 79, 89% cotton, 11% Dacron, 0.54 TM; Figure 80, 89% cotton content,
11% Dacron, 1.07 TM; and Figure 86, 100% cotton, 0.54 TM.

In exs'-ining the curves showing the number of broken pieces found in
the yarns, one observes that the average number of broken pieces found
decreas?.i as the cotton content of the yarn increased. The average number
of broken pieces found in the yarns as a function of blend ratio and twist
level is shown in Figure 18. The data appear to be somewhat erratic, but
it is clear that the cotton in blends over 33% do not share the load beyond
the first break. This is indicated by the number of cotton pieces found in
blends over 44% which vary from 1-2 at 40 and 50% blend and just one piece.
It is also of interest to plot the average yarn length for each yarn ring
as a function of blend. A plot of this type was made for one twist (2.2
TM and 20% extension). This is shown as Figure 19. It is clear from
Figure 19 that the critical length for 2.2 TM for cotton-Dacron blends over
33% is over 100 mm. This is expected because of the number of broken pieces
sho-wn in Figure 18. One can see from Figure 19 that the pressure difference
among the first 3 rings is small. A drop in fiber length (increase pressure)
was not expected, so no connection was made between these points. The in-
creased length shown by the outer rings indicates that the pressure drops
rapidly as it approaches the outer ring. It is expected that increasing ex-
tension will cause the pressure to build up rapidly and the gap between the
lines for all rings will be narrowed. This is shown to be so by the break
diagrams attached to the fiber load extension curves. The large number of
breaks found in the cotton yarn in the outer rings show that they were subjected
to some pressure. It is understood that pressure in the outer ring is untenable.
Some of the pressure may have resulted from yarn migration. However, it must
be remembered that the yarn element in question fully occupies the outer 20% of the
yarn radius.
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Conclusions

As a result of this experimental study on the load elongation behavior
of cotton-Dacron blends, the following may be concluded:

The blend ratio of cotton-Dacron must not exceed 33% cotton
content if full advantage is to be taken of continued strength after the
first breaking point of the yarn.

Blends of 33 to 44% cotton content appear to be twist sensitive at
low twists, 0.54 TM and 1.1 TM. The cotton continues to contribute to the
strength of the yarn past the first rupture point. At higher levels of
twist 2.2, 3.3 and 4.4 TM the yarn breaks at the first rupture point.

At blend levels above 44% through 100% cotton the yarns break at the
first rupture point.

The results obtained on the Dacron and cotton core yarns are incon-
clusive because of the limited number of twist levels tested for each
blend level.

Good agreement was reached between the experimental results found here
and Machida's theoretical studies.

The mechanism of the cotton fiber's contribution to yarn strength is
fairly well defined for the cotton distributed case. Additional studies
must be made to fully understand the effect of cotton and Dacron core and
the strength of the blended yarn.

Suggestions for Additional Work

The differences between actual staple yarn and model yarns should be
studied. The work should be directed toward establishing a correlation
between Machida's theoretical work and this experimental work with actual
staple yarns.

Further studies should be made in establishing the effect of cotton or
Dacron core yarns on the strength efficiency of the yarn.

Experimental work should be directed toward a development of a technique
for measuring yarn pressure. A suggested procedure would be to compare the
difference in diameter of a compressible cotton yarn.

To develop a technique for measuring the coefficient of friction between
fiber elements in a yarn, one procedure suggests itself for the measurement
of the coefficient of friction between yarnis in a model such as those used
in this study. The close agreement found between this experimental work
and Machida's average yarn length suggests the use of his equation for the
theoretical number of broken yarn elements. This equation is:
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By rearrnnging the equat io-

',b ( - CY)2n
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w coefficieut

of friction

all the terms on the right hand side of the equation are measurable.

56



F
i

•JFERE2NCES

S. Azuma, T. ".,yblca - r•ropertles or Fibers and Theory of Staple Yarn," Tokyo,
rJapar 1060

L2 Barella, A., Journal Teýxtile Institute, Vol. 50, T-33 1'

3. Pornet, G. M., Journal Te-ttle Institute, Vol. 51, p. 326, 1960

4. Coplan, M. J., Q.M. Res. Eng. Center, Textile Series Rept. No. 11c, 1960

5. Copian, M. J. and Bloch G., Textile Research Journal, Vol. 25, p- 902, 1955

6. Ccplani, M. J. and Klein, W. G., Textile Research Journal, Vol. 25, p. 743,
1955

7. Coplan, M. J., Textile Research Journal, Vol. 28, p. 956, 1958

8. Dennisor4 , R. W. and Leach L. L., Journal Textile Institut . Vol. 43, p. 473,
A 1952

¼ Ford, J. E.. Journal Textile Institute, Vol. 49, T-608, 1958

10. Gzegory, J., Jolrnal] Textile Institute, Vol. 44, T-L%-9, 1,9'3

11. Hamburger, W. J., Journal Textile Institute, Vol. 40, p. 700, 1949

12. Hamilton, J. B., Journal Textile Institute, Vol. 49, T-hll, 1958

13. Hannah, M., Journal Textile Institute, Vol. 41, T-70, 1950

14. Hearle, J.W.S., Journal Textile Institut , Vol. 48, T-389, 1957

15. Hearle, J.W.3., El Behtery, H.M.A.E. and Tha!k-ur, V.M., Journal Textile
Institute, Vol. 52, p. 197, 1461

16. Hearle, J.W.S. and Thakur, V.M., Journal Textile Institute, Vol. 52, T-49, 1)961

17. Hearle, J.W.S. and Walker, R.H., Joukrnal Textile Institute, Vol. 44, p. i,
195,3

18. Hicks, E.M. Jr., Textile Research Journal, Vol. 32, p. 7ý1, 194)2

, ). Hoffman, P.M. aPnd Peterson. R.W.., Journal Textile institute, Vol. 41,
p. 418, 1958

20. Hunter, W. A., Journal Textile Institute. Vol. 4j, P. 365, 1'v)2 _

21. Kemp, A. and Owen, J.D., Jotral Textile Institute, Vol. 4hf, T-684, 195',

22. Koritskii. K.1., Tech. of Textile Ind i.try, '.2.:.P., p. ¼, l

*1[

4•



j'•. [,u,_'t , I., W .;,etI Text, .- Inst.itTte, Vrl. •l4, p. 698, 1953

,4. Lund, G."., Journal Textile Institute, Vol.. 43, p. 375, 1952

95. Machtda, K., Takatsuki Research Institute Report, Japan, 1960

26. Machida, K., Master's Thesis submitted to the M.I.T. Department of
Engineering on May 17, 1963, in partial ftlfiliment of the requirements
for the degree of Master of Science.

27. Millard, F. and Thornton, Journal Textile Institute, Vol. 143, p. 413,
1952

28. Noshi, H., Shimada, M., and Kusano, T., Journal Textile Mach. Society,
Japan, Vol. 12, p. 91, 1959

29. Noshi, H., S.imada, M., an Kusano, T., Journal Textile Mach. Society,
Japan, Vol. 12, p. 763, 19W0

30. Onions, W.J., Toshniwal, R.L., and Townend, P. P., Journal Textile
Institute, Vol. 50, T-505, 1959

31. Orr, R.S., Weiss, L.C.V., and Grant, T.N., Textile Research Journal.
Vol. 2O. D. Q!9. 1955

32. Platt, M.M., Textile Research Journal, Vol. 20, p. 1, 1950

33. Rouse, J.T., Cotton Research Clinic, 1903

34. Shorter, S.A., Journal Textile Institute, Vol. 4b, T-99, 1957

35. Smith, A., Journal Textile Institute, Vol. 54, T-511, 1963

36. Sullivan, P.R., Journal Applied Physics, Vol. 13. p. 157, 1942

37. Treloar, L.R.G., aiu tiiding, G., Journal Textile Institute, Vol. 54,
p. 156, 1963

38. Tsuoota, A., Takatsuki. Research Institute Report, Japan, 1960

39. Veno, S., Society of Textile Cell. Ind., Japan, Vol. 17, p. 759, 1961

40. Waggett, G., Journal Textile Institute, Vol. 43, p. 391, 1952

41. Y& Aguchi. Y., Journal Textile Mach. Society, Japaxn, Vol. 10, p. 25,
19V7

Lk



V

APP'ENDI)X A

U Tti.-ofýWdl AnalIysis

Machida, Kda uo Mechanir-s of Rupture

in B I ded I( rns. MA ster- s Thesis MI I 1'6 1.

A. Assumptions

There are several papers which have studied the pressure

in the yarn and roving structure. (25) (26) (27)

Each paper starts with different assumptions and comes

to different results.

In our case assumptions are made as follows:

1. Fiber diameter is small compared with cotton yarn

diameter. (There are enough Dacron contacts poinLs

around the cotton yarn.)

2. Whole yarn structure is large compared with cotton

yarn. (So that the effect of a iingle cotton

"yam in the structure is negligible.)

3. onirorm cylindrical structure (Uniform along its

length and circular in its cross section.)

4. All fibers form concentric helices (No migration

of cotton yarn takes pl.ace.)

5. 5tress-strain relationLhip of fiber is expressed by

A. 0- E F

0, - a + b



Symbols used

0 stress of fiber

strain of fiber

E Young's modulus of a fiber

S tenbile load on model yarn structure

E,, yarn elongation

t twist per cm. at elongation E.,

t 0 twist per co. at zero strain

twist angle of a fiber at radius r.

r radial position of fib-h,

R model yarn radius

P pressure inside the model yarn at radius r

PC pressure at the center of the model yarn

m t radius of curvature of the fiber at radius r

j• packing factor

coefficient of friction between constituent fibers

(Dacron & Cotton)

f normal force acting on the cotton yarn per unit length

D cotton yarn diameter

Tb rupture strength of cotton yarn

T tensile forcm acting on the cotton yarn in the structure

L initial cotton yarn length in the structure

I critical broken length of cotton yarn, loe, the length
C below which cotton yarn will not be broken.
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n number of breaks of cotton yarn in the structure

I broken length of cotton yarn

1 average broken length of cotton yarn

B. Pressure A.In Lwiotz Etructure

Fundamental ESiuations

Let P(r) be a pressure inside yarn at radius of r, and

consider a small section ABCD in the yarn cross section

in Fig. 12.

We obtain a force balance equation

P(r+&,(t-I-d)(f Ctr -. -t-dF P(T)Tcit + 2 P(,r4 )A.i ~

where d '" is a small angle of LZ AOB

dF is a force per unit length
within a section ABCD, working
towards the center of yarn
due to tension and twist of

- fibers in that section

A&
Pa)

Figure 12

By geometry of twisted yarn structure, (Appendix)

SdF -Y octA

.44



where

dA f are of section ABCD

-" twist angle at radius r

We asiume -. "

then, E C W71

Thus (iF = E y C "• - &s L

Substituting this into equation (1), we obtain

Consi dering

P(r+a r) C(-

And neglecting higher order of derivative cerms, we finally

obtain,

x.•i,,•m and ,verage .ressure in a Yarn Crost Section

Integrating equation (2) from r 0 to r - R with boundary

condition of '(r).o 0, we obtain,
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Pcr)-
a~ ~+4-" 4 

tL'

-, I• . - -- _d 3
r (3- a)

Maximum Pressure

- • 41• t Z ) (4•)

Aver.ze Pressure

Relation to Yarn Load

The load of twisted filament yarn is given in terma of

t,I E, and Lx as follows (Appendix)

Comparing with equation (4), we obtain a simple

relationship between pressure at cencer Pc and yarn load

"and twisit,

PC t2s 6

..... M3



Consider&tlon to Yarn packing Factor

When we ias equation (6)to calculate /arn prassure, S aud

7? t are measured values and no consideration for packirng factor

is necetssary.

But i• we uns e4uationa (3) (4) (5) to calculate pressure,

we have to consider packing factor. It is defined as

where N 14 numbr of Mebore in a cross secti.on

R -i radius of ,ram

ii is diameter of fibers

Thus equations (3) (4) (5) become

~I
$1.) - ->

In Case of Fiber S-S Curvc C-.6__

For the most fibers 6-- a + b is more

"general expression of S-S curves up to rupeu.e points.
.,..

SIn this case, equation (2) becows•

'jr
T L ~64



Solving this, we obtain

Considering S is expressed by (Appendix)

CL~ I

P is again simplified to the same equation (6)

Effect of Yarn Elongation to Pressure

This discu-,sion is based on the assumption that the

strain level of a twisted yarn in so small that we can

'2 neglect the change of twist due to yarn elongation. In

the calculation of load or breaking strength of yarn this

effect is negligible up to rupture point.
-• But since the pressure is influenced by the factor of

St2 as seen in cquation (6), we have to take this factor

into account. AssuLe the load elongation curve of yarn

is expressed by

S - A+ BE

and twist at ydrn elongation of i ia given as

+:+c. • -- T4

(" '



then

Differenciating this with £c , we obtain the strain which

gives maxim-m pressure at the center of yarn,

Figure 13 and Figure 14 lluctrate one example of pressure

calculation. Five different load-elongation curves are

shown in Figure 13, all of them having the same rupture

point of load S0 and elongation 2514. Pressure at the center

of yarn for each load-elongation curve is shown in Figure 14.

C. Stress Distribution in Cotton Yarn and Theoretical

Broken Length

Stress and str-ain ot cotton yarn in this blended system

i- explained in a simplified model shown in Figure 15.

Cottoo yarn is surrounded by Dacron fibers under normal

pressure of P and theTo Dacron fibers are extended to strain

level of Ey by pulling both ends.

6b

*l



'V

t

IIE

Tk AI /,

F.. . I ! I J - 6 , "
-o,1 o o*I 0"2

i•:Fi-g'ure 13Fgue1

• Figure 15

* -*.ll! Ia!ii/b v 8 r/!/eo--
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Pressure and esonation of the Df-cron fAbsrs cause

frictional forces to elongate cotton yarn and as a result,

a tensile force, T, in the cotton yarn is built up from both

ends of cotton yarn with a slope of p. to the center

portion of the yarn until the force reaches to the

magnitude where cotton yarn is elongated to the same

level of Dacron fibers. Here p is the coefficient of

friction between the cotton and Dezron fibers, f is the

normal force working on cotton yarr pei unit length. Thus

the center portion of cotton yarn (iC in Figure 16a) remains

in the same tensile force and if we assume linear stress-

strain relation in cotton yarn, tensile force in BC region is

T - E

where A is cross sectional area of cotton yarn

,is modulus of the cotton yarn

As Dacrou fibers are elongated ry goes up, consequently T

a lso goes up and finally when T exceeds rupture strength

_ of cotton yarn Tb, then cotton yarn breaks. After the

cotton yarn is broken, the tensile force at the point of

rupture falls to zero and the broken portions behave as

two short fibers .(Figure 16-b)

On the other hand the Dacron fibers still continue

obeing elongaced. The prewsure P is a function of elongation

A68



__of Dacron fibers, therefore pressure is going up regardless

of cotton yarn breakage. Thus the tensile forces in two

broken yarns go up again due to the increase of j , and

_e when we get enough pressure to build up tensile force to

9A a new rupture strength on these short segments, they are

broken again. rhe yarn length X- + 1 in Figure 16-a at the

time tensile force reaches rupture strength Tb is called the

critical length, since at this condition no cotton yarn

4 1shorter than this length will be broken.

By definition

. "Assuming liquid pressure around cotton yarn

Hence

22 2Tb

Theoretical broken lengths are distributed between 1 C,.,

1 /2, because yarn breaks can happen at any point within ac

length of (I -L c) and broken lengths will be statistically

distributed. If we consider the yarn length just less than

lc, it will not be broken and will be maximum segments

length, and yarn length just over I will be broken into
C

two 1 /2 lengths and these will be minimum segments lengths.

SThus we may expect an a-.,erage broken length of 3/4 1
-C

AW 6



Hance

2X $4DP

If cotton yarn Li placed at the center of blended yarn, P

is giver in eauation (6), L~an

4-9 kL DS

Number of breaks within a gage length of L is

=o r Lyj (9)

If cotton yarn L placed at ths position of radius r,
&
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APPENDIX B

Dveing Procedure and Dye Formulation

'MTe cotton yarns were dyed with direct cotton dyes. The dyestuff
used and their rol6r index numbers are as follows:

CI No. CI Nam Dyestuff Manufacturer

Cupraphenyl Rubine RL Geigy

"Cupraphenyl Yellow 3 GL

Cupraphenyl Green 2BL

Cupraphenyl Blue 2GLL

3578Q Direct Red 80 Pyrazol Fast Red 7BSW Sandoz

Direct Ye]-low 105 Pyrazol Fast (range FI "

Direct Yellow 106 Lumicrease Yellow 3 LG

34045 Direct Green 26 Pyrazol Fast green BL

29125 Direct Violet 48 Pvrazol Fast Violet 5BL

The cotton yarns we,• cc-'ured b, boiling for two hours in a 2%
caustic qoda solution. After scouring the yarns were dyed, lxsing the
following procedure.

The skeins are entered in the dye bath at 120('F. The dyebath
was brought to a boil. in 20 minutes. Salt was added to the boiling
bath to exhaust the dye. After boiling for 20 minutus the dyebath
was allowed to cool to 160 0 F. The dyed cottcn skein was then rinsed
and allowed to air dry.

The following dye formulations were used:

Color Percent Dye Formulation

1-2 0.5 (upraphenyl Rubi-ne Mi,

1-3 0.5 Cuprapheny] Pubine KI.

""9.625 Cupraphenry Yeýl', 3(2,

-4 .5 'upraphenyi (,ret-Hri g?

I 
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Color P-ercent Oye Fomlulatiorn

14 0.5 Cupropheny)l Blue 1J

1-7R 2.0 yrazol Fast. Red 7KH'W
0.25 Pyrazol Fist Blue 2GLN

1-8 3.0 Pyrazol Fast Green )BL

1-9 1.0 Pyrazol Fast. Green ?EL

1-10 30Pyrazol Fast Red 7BS9W

1-11 2.0 Pyrazol. Fast 7iolet (3BL

i-I2 3.o Pyra7ol Fas7 Violet. (3JBL

2-2 1.0 Cupraphenyl Rubine, PI

2-3 1. N~praphenyl huhliri RLI
1.2 CupraphenlYl Yellow 3GL

2L1.0 Cuprapheiiyl Gzree-n ?BL

2-5 2.0 Cupraphenyl Y-.-1cw 361.

2-6 1.0 Cupraphenyl Blue 2GTLL

c- 0.5 Pyrs~n1 F'ast Reo 7BSW

42-9 0.5 Pyrazol Fast Green BT.

2-10 1.0 Pyrazol Fast. Red "BL;W

2-11 1.0 Pyra~ol Vast. Violet (3BL

*2-iL2 3.0) Pyrazol Fast Orange LUF

1-13 1.0 Pyrazol Fast. Orange LUF

1-14 1.0 Cuprapheriyl Ye~llow 301.

1 -1( 3.0c Luni creavc. Yel I (, 3U,

l-16R1.0 '1mi~as~Thu' 31A
0.2(3Pyr&azoI Fast prl, F

0. (3 Pya ýo asf r;iar:)-IIP



Color Percent ~ ~ ~ ~ t~

1-8R1.0 Lund crease Ye-I l ow 3LG
0.13 RYrazol Fast Pine 33(LN
0.5 Pyraz~ol Fast. Green Wi

1-19R 1.5 Lurd crease Yellow 3111
0.125 YTtr701o Fast. orangef LUF

.5 Fyrazol Fasl Red 7TVW

1-20 0.25 P~azol Blu te RIGLN
1.0 PyrA'zc1l Fast. Viole~t. (*131

1-21 1.0 Pyýrazol Fast Violet SEL
0. 25 Fyraz7o.' Fastf I'1 7138W

1-22 0.5 Pyrazo~l Fastq Pro( 79,;W .
0.5 ~Pyrazol Fs.fljue 2BLN

1-23 0.5 Pyrazol, Fast. Red 7132W
0.5 Lunn crease Yellow 3LAG

2-13 1 .0 Pyrazol. Fast. Orange LUF

2-its 1.0 Cupraphenyl YeLlow 3GL

2-15 0.5 Pyrazol Fast Bluec 2GLN

2-16R 1.0 Pyrazol Fast Blue XCTLN
0.25 Pyreset Fast Grange LUF
0.25 Pyrazol Fast Red 7BJW

2-17 1.0 Lusticreasi Yellow 3LG
0.07 Pyrazol Fastf Blu e 2GLN

2-18 0,25 Pyrazol. Fast, ('ranige LUP
1.50 Lump'rease Yello~w .3L(

2-1913 14) Lumprrease Yellow 3LG
0.375ý Pyrazol Fast ()aj,- DivE0.375 Plyr az ol Fas3t Rjed 7132W

2-20 05 I'yra?o i, Ps t Vjiet B.T10.5 Pyrazol1 Fa st f~ 20114 I);,
2-21 1.0 Pyraolo, FatVi

0.5 lPvrazol Fan s ' ITip,

0.1,Py r;,o lao vifi.: t [q



1-2 (2';PyrazAi Fast. ilreetý BI,
-~0.5 Lumieroase Yellonw 31,G

125 0.5 P~yr a zoI Fas t. (re~rp, H
Pyrozol Fas t Viol et. t BL

1-26 0,5 Pyrazol Fas t. Violet LIBI
~*KPyrazol Fast Blue 2GL-N

1-.27 0.25 Pyrazol Fast. Red 7BSW
0. 25 Pyrrazol. Fa st, Blue 2GLN

1 -263 0. 25 PYrazol Fast Red TBSW
0.25 PyJrazol Fatý t. 'tý ci et. t ýBL

1-29 0. 25c Pyrazol. Fast. Red 7138W
-. 2 ,2~'Lumicrease Yellow 3L0

1 -30 0.25- Pyrazol F7a s t Red 7BSW
0.5Pyrazol Fast Green RL

1-31 0.25ý Pyrazol Fast 4reer,
0.5Pyrazol- Fast, Blue c

1-32 0.375 Pyrazol Fast Red 7B.:8W
1..l2' Pyrazol Fast, Vi rohsi ',T

1-33 0.375 Pyrazol Fast. Green BL

P i o .1tt5 - r a ,,,n i Fast V W 'n l t 5 1 T,
2-23 C'.5 Pyruzol Fast Red( ThSW

0. Pyr'azcl; Fast. Orange "AF

2-2bs 02. f-,'yrazol Fast, Green RI,
0.5. Pyrazol1 Fas t Per] 7RW

2-25 0.5 Fyrazol Fast alr21
0.1' P'yraze Fa;3St Ri UP 2(,01:

V 2-26 CPyrazOl Fast. Violet !RL
(2.9 Pyraznl. Fat -Jazre LIEF

'2-22 .25 PyazoiFast. Bler 6±
0. 25 Pyrezol Fant Viole tBL

2-N902 Pyrazol F as t Gree, F!l
S 3*~~U ±2E6L±h Y.-11i w 31.0

$ ~74
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Col or Percent Dye Formul ation

S2-30 0.25 Pyrazol 'Fast, Green i LSO2c, yrzol Fast Violet 5M-

2-31 0.25 Pyrraz-i Fast Violet 5BL
0.25 Pyrazol Fast Blue 2GIN

2-3 0.375 Pyrazol Fast Red 7RSW
0.125 Pyrazol Fast Green BL

2-33 0.375 Pyrazol Fast Blue 2GLN
0.125 Pyrazol Fast Violet 5EL

1-3h 0.375 FPyrozol Fasr, Violet 5EL
C.125 Pyrazol Fast Orange LUF

1-35 o.375 Pyrpzol Fast Violet 5BL
4T 0.1.25 Pyrazol Fast Crtn BL

1-36 0.375 Pyrazol Fast Green BL
S0.125 Pyrazol Fast Red 7BSW

1-37 0.375 Pyrazol Fast Green BL
0.125 Lumicrease Yellow 3LG

1-38 0.375 Pyrazol Fast Orange LUF
0 0.125 Pyrazol Fast Red 7BSW
0.125 PVrazol Fast Violet 5BL

1-39 0.375 Pyrazol Fast Orange LUF
0.125 Pyrazol Fast Greey BL

• -e 0.375 Lumicrease Yellow 3LG
0.125 Pyrazol Fast Red 7BSW

0.375 Lumicrcase Ycllý-: . 3L'
D.125 Pyrazol Fast Green BL

1-1,2 0.375 Pyrazol Fast Red 7BSW
•J0.12'< Limicrease Yellow 3LG

2-3L 0.375 Pyrazol Fast Violet 5RL
4 0.125 Pyrazol Fast Blue 2GLN

""~ 2-35 0-375 Pyraiol Fast Violet SEL
0.125 Pyrazol Fast Red 7%SW

"2-3bC 0.37 Pyrazol Fast Green BL
0. 125z Pyrm z kl Fas i Blue 2GLN

L;-

:!4



Color Percent Bye Formulation

"2-37 0.375 Pyrazol Fast Green BL
O.12$ PyrazoL Fast Orange LUF

2-38 0.375 Pyra7 )I Fast, nrerrie LUF
0.125 Pyrazol Fast Blue 2-LN

2-39 0.375 Pyrazol Fast ()range LUF
0.135 Pyrazol Fast. Violet SBL

2-4O 0.375 Iumicryase Yellow 3LC"p 0.125 F'irazol Fast Blue 2G1X

2-41 0.375 Lumicrease Yellow 31,G
0.125 Pyrazol Fast, Violet, UL

0.375 Pyrazol Fast, Blue 2&TLN
0.125 Pyrazol Fast Grepn BL

0.375 Pyrazol Fast Red 7BSW
0.125 Pyrazol Fast Blue 2GLN

0.375 Pyrazol Fast Blue 2GLN
0.125 Lumicrease Yellow 3LG

1,-5 0.375 Ryrazol Fast Blue 2GLN
"0.125 Pyrazol Fast Orange LUF

1-L6 0.25 Pyrazol Fast Violet 5BL

0.12$ Pyrazol Fast. Green BL
0.125 Pyrazol Fast Orange LUF

l-L-7 0.25 Pyrazol Fast Violet. SL
0.125 P1r, T- Fast Red 7BS'W
0.125 Pyrezol Fast Orange LUF

1-51 0.25 Pyrazol Fast, Green BL,
0.125 Pyrazol Fast, Red 7BSW:- 0.[25Lumicrease Yellow 3LG

1-50 0.25 Pyrazoi Fast Green BL
0,125 Pyrazol Fast Violet 5BL
0.125 Lum-icrease YF,'llow 3LG

S1-51 0.125 Pyrazol F-ast Or. en BL
S0.25 Pyrazoi Fast. Red 71KIW

0.125 Lumd crease Yellow 3LG
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Color Percent Dye Formulation

..- 52 0.25 Pyrazol Fast Orange LUF
0.125 Lumicrease Yellow 3LG

.125 Pyrazol Fast Red 7BSW

2-0b .375 Pyrazol Fast Blue 2GLN
0 125 Pyrazol Fast Red 7BSW

~..
2-4a 0.375 Pyrazol Fast Violet 5BL

0.125 Lumi crease Yellow 3LG

2-46 0.25 Pyrazol Fast. Violet >8L
C .125 Pyrazol Fast Blue 2GLN
0.125 Pyrazol Fast Orange LUF

2-h? 0225 Pyrazol Fast Violet 5BL
0.25 Pyrazol Fast Blue 2GLN
0.125 Pyrazol Fast Orange LUF

2-49 0.25 Pyrazol Fast Green B1.
0.125 Pyrazol Fast Blue 2GLN
0. 1? Lumicrease Yellow 37O

2-50 0.32 Pyrazol Fast Red BSW
0.125 Pyrazol Fast Orange LUF
0.07 Pyrazol Fast Blue 2GLN

2-51 0.25 Pyrazol Fast Red 7BSW
0.125 Pyrazol Fast Orange LIJF
0.325 Pyrazol Fast Violet 5B3,

2-52 0.32 Pyrazol Fast Orange LUF
0.125 Lunmjcrease Yellow 3L0

0.07 Pyrazol Fast Green BL
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APPENDIX C

REVIEW OF RESINS FOR IMBEDDING YARNS
FOR CROSS SECTIONS

This investigation was initiated to find an imbedding media which would
hold yarns and fix Dacron yarns under strains as high as 30% (approximately

A> b0 lbs. tension). When cured, the resin had to be soft enough so that it
could be sliced using a hand microtome. For simplicity of operation, and to
keep reacting temperatures as low as possible, a cold curing type resin was
the only one consideted.

The first resins tried were:

Butyl acrylate

Isobutyl acrylate

Methyl methacrylate

The resins were washed with 5% NaOH in a 20% salt solution to remove
the inhibitor. The washing was conducted in a separator, flask with 20

parts by weight of the cleaning solution and 100 parts by weight of monomer.
The mixture was shaken and allowed to separate. The washing solution was
then drained. A small amount of NaHCO 3 was added to dry the monomer, then
it was filtered through coarse filter paper.

The following preparations we.e made:

20 gm Isobutyl methacrylate

.1 gm Benzol peroxide

20 g. Butyl acrylate

.1 g. Benzol peroxide

20 g. Methyl methacrylate

.1 g. Benzol peroxide

The isobutyl methacrylatc required heat to initiate the reaction, and
the resin formed waf firm; for toth reasons this resin wai not satisfactory.

The butyl acrylate required heat and a long time to cure, overnight;
this was not satisfactory.

The methyl methacrylate also renuired heat to cure and an overnight.

reaction.
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II

Paraplex P-40.* This is a hard resin and can (Ld-cured byIusing the following f::ul:

S100 g. Paraplex P-40

1i g. DDM

S.6 g. Cobalt naphthanate

This resin jells in 15 minutes.

Attempts to combine resin with Paraplex P-13** to obtain a cured
product, which could easily cut, did not succeed.

Epoxy.

62.5 g. Epoxy resin

25.0 g. Amide softener

12.5 g. Accelerator

This solution jelled in 12 huurs.

It was somewhat softer than methyl methacrylate but still not soft
enough to slice easily.

Silicone resin RTV-41I Silicoit 'K 11) r.

100 g. RTV-41***

ý5 g. Thermolite-12****

Resin cures in two hours, yields a rubbery compound.

This formulation was too viscous for casting yarns but suitable for
making molds to hold the yarns for casting.

* Trademark for unsaturated polyester.
** Trademark plasticizer for coatings.

** Brand name for silicone rubber compound.
**** Trademark for series of vinyl stabilizers.
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aMethyl methaSrylate. This is a cold cure resin which Is easy to use
"but yields a product too hard to cut. A cold curing formula which will set
in one hour is:

20 g. Clearmount*****

.05 g. Catalyst benzol peroxide
AU

Polyurethane resin PR-1535 Amber.****** This was the most successful
resin used. The resin was mixed as follows:

32 g. Part A of PR-1535
A

100 g. Parr B of PR-1535

The mixture was given a good mixing, using a shearing paddle and 1/4-
inch electric drill. The mixed resin was poured in the mold, and the material
was degassed in a dessicator under vacuum at a pressure less than 5 mm. of
mercury for five minutes. The mold was then removed from the dessicator and

A allowed to room -ure. It required two days to harden enough to fix and hold
the yarns under tension.

° *** 2mmercial product.
S-***** Commercial product.
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