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QUANTITATIVE RELATION BETWEEN YARN STRENGTH AND
FIRRE PROPERTIES

K. R. SEN, D.Sc.

HE writer in 1938 gave! an equation for
calculating thHe yarau strength from fibre
properties ag under :

Ao

Here, $, répresents the single thread strength
of a cotton yarn of count, ¢, obtained by using
a test length, L. I denofes the mean fibre length,
p. the mean fibre strength and f, the mean fibre
mass per unit length. The quantity A 15 a
numeoerical constant which depends au the defi-
nition of the count with reipezt to the units of
measuremz2nt constdered. Ein this equation
embodies the various e$eets brought inte being
by the conditions of ihe yarn siructure. Ex-
perience shows that the resultant of these
¢fects, which E expresses, whenevar signifi-
cant, is detrimental to tne realisation nf the
full strength of the fibre aggregate in the yarn:
The offect of the test length on the yarn strength
is zalso covered mostly by the omnibus-t2rm, E.

The Spencer-Smith equation for flax derived
from statistical coastiderations, in 1947, takes

the form—
Q. = Qy [1 %*'F;ég) 'VD] (11)

Here, Q, is the average quality number ofa
long specimen of yarn of length, L, Q, i3 the
mean quality numbszr of the * fracture zone’ or
the length within which the actual fracture Is
confined (Turnar®). wydenotes the mean differ-
erice between the averase and the minimum
value of n terms selecicd at random irom the
appropriate normalised frequency distribution
(Tippett®), F(n)is a function depending upon the
serial correlogram of the strength of the {rac-
ture zone ; and V, 15 the percentage of variation
of the strengths of the fracture zones.

The form of the Spencer-Smith equation
being similar to the author’s, it was considered
worth while to publish the method by which
the equation (1) was derived and also to scruti-
nise and compare the two egudtions.

(A) Derivation of Equation ()

Equation (1) is built up from the {following
considerations; —

(i) The strength of . all fibres within the
smallest specified or standard test length.
This standard length for cotton is considered
t0 be the same as the dverage fibre length,
We mlay represant the strength of the yarn of
a length equalio the average fibre length by
o

(ii) The increase in strength caused by (a)
the binding effect of twist on fibres constitut-
ing the yarn; and (b) the frictional resistance
offered by the mutual surfaces of contract
opposing any slippage under tension.

These positive eftects of sirengih are phy-

sically known facts and may be together de-
noted by T. -

(i1i) The decrease in strength, due to () pos-
sible non-clamping of somz fibre-ends in the
main region of fracture, a fact which is likely
t0 parmit easv displacement ol such fibres
under the applied tension; (b) the pre-exist-
ing tensile strain in some of the component
fibres, the magnitude of which varies accord-
ing to their distribution between the surfdce
and the core of the yarn (these differences in
magnitude ozcur as a result of the differences
in the twist angle)}; as well as {¢) the staflis-
tical effect of the longer actual test~length due
to the presence of the thick endl the thin
places in the ydrn. These irregularities of
yarh-structure are caused by the unequal
relative displacemznt of the fibres along the
length of the yarn during drafting, and con-
stitite the most important source of reduction
in varn strength. The resultant negative
effect on the sirength of the yarn may be
denoied by —F.

In addition to these principal factors there
mav vet be others which are either positive or
negative in thew effect on the yarn strength.
Such minor factorsare often local, arising ouk
of the machine conditions andfor some pecu-
liarities in the structure of the yarn or the ¢on-
stituent fibres. These are yel undefined, and
thoir total effect, as far as experience goes, may
be neglected for ail practical purposes,

Now, to derive equation (I) inthe simplest
manner, let G represent the maximumf strength
of the yarn from fibre {iraciure only, when a
tesi length equal to the average fibre length is
used. It is common experience, and also a
matter which can be theoretically understood,
that the fracture of the fibres, which occurs,
is not confined to one particular crosg-section,
but is distriouted over various cross-sections
within a Jength =1 or just <{i It cannot be

¥ 1t id the total aggregate strength such as would
obtain on the breaking load of all the fibres concerned
being realised,
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greater than I1*. The harder the twist, the
smaller is this length, It happens thus. A fibre
must break at the weakest point; this point
may, however, be situated anywhere within its
length, So, the points of break of the fibres,
broken by the application of the tensile stress,
will be situated within a zone 1 at different
distances from any particuler cross-section, for
the individual fibres concerned. Thus th2 break-
age of the yarn will spread over a region of
its length, instzad of bzinz coafined to a point.
But the spread of this region of break along
the langth of the yarn, will, of coyrse, natural-
ly depencj on the frictional and other sffects
brought into play by the degree of applied
twist, We can not, therefore, expzet to arcive
at the true aggregats stranith of the fibres in
a test length egual to the avzraze fib:e length
by confining ourselves to a particular cross-
section only, to the ex2lusion of all others
involved in a yarn break. We must take into
considaration for practical reasons, all the
fibres, whole or part, such as lie within the
length, 1.

Now, from previous congiderations, S;=G +
T~F: also F is very muchbigger than T ; and
G> (F — T). This latier inequality is clearly
proved by tha fact that th2 resultant strength
observed for a yarn is real and positive Thus
we may wrile,

S;=G — (F - T).
If then w2 express (F—T) in terms of (& such
that F — T =e.G, where ¢ is a propzr f{raction
depending on th: structural charactaers of the
vyarn, we ultimately get,

Sy =G (1 — e). 1438

In order to evaluate G, we must find a way
to estimate the number of fibres which, on an
. average, liz within the length 1 of the yarn.
T do this let L represent the actual test-length
of the yarn in a varn-breax test. I. is many
times larger than [ Representing the tntal
number of Abres which lie within the len<th,
L, by N, the average numbder per unit length,
may be taken as N, /L. Let this quantity be

.—I-lll-—i"-l'r

% Agq soon as one oy more fibres at any point in
the test length has broken, the remaining fibres about
the point gets the share of the load which, therciore,
increases rapidly pet fibre as fibres break, precluding
yarn-break anywhere outside the zone (¢f. Turner),
Use of the average fibre length, /, as the minimum
test length for calculation of yara streazth therefore
corresponds to the Jmiting Cofpactira zoad". A 3ig 1i§.
cantly shorter leagth than / cannot also folfil this

condjtion,

represented by N. In a testlength equal to the

average fibre length, ! the number of fibres,
on an gverage, witl then ba pracztically equal
to NI. (As L is Xkept constant for all yarns,

N «N,;.) Onthese considerations we may put,

( =Nlip
The mean value of N can, however, be ob-

tained in this manner. The average mass per
unit length of the yarn = A =+ ¢, A and ¢ being
as defilned earlier, The mean fibre mass per
unit length being f (see ante ), the average
number of fibres per unit length of the yarn,
or N (=N,/L), should bz given by A +cf,
Therefare, Nl = Aljef, 8o,

_ — — l—p
G =Nlp =A e aIv)

Thus we get the valve of G in ferms of the
properties of the yarn and the component
fbres. So, from edquations (III) and (IV), we

have for the varn, having a test length equatl

to the average fibre length,

)
S1= A (1~ e

Now, calling ¢.S7as Q7 or the ‘‘quality num-
ber’” of the yvarn, when the test length =1 we
may write,

Q; =A?3 (1 —e)

There is one point which requires to be con«

sidered here. For suzh a smalil test length as

the average fibre length of cotton, the effect of
the gstrength gradient should bhe extremely
small for statistical reaspons. It isin fact foaind
to be practically insignificant.’ Also, as most
of the fibres are hkely {o be clamped (cf. S?n &
Nodder?) at both ends at this test length, the
possibility of slip under tension significantly
affecting the yarn strength is negligible. Fur-
ther, the diameter of the normally twisted
cotton varn being small, and the number of
twists per unit length fairly targe, any differ-
ente in {wist on fihces in the yarn must be
small. Th=negative effect being thus greatly
reduced, since however the effzet of T mudt be
practically unaffacted, the value of F —T must
be regarded as negligible compared with G.
In other words, e =0, Q) thass considera-
tions,

A P
Q=4 ¢

However, for an actual test length, L, which is
many tim3s 1hmnger than th2 avaraze sce length,
the sp2cifc conditions ridueiaz ‘e’ to zero, do
not exist. It isin fact thund from expariznte
that with the usual lest length, L. thelossof
strength due to the eftzct of yarn structure,
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which brings down the value of (3, is consider-
able, So, for a test length =1, we may re-
present{ F— T by E.G and get—

i
Su= A fE 1 - E),
which is the same as the equation (I). Repre-
senting S.:¢ by the corresponding * quality
number”, Q,, we may write—

Q_L= (1 — E) (V)

This reduces eguation (I) to a form identical
with that given by Spencer-Smith.

Value of E

Thera is a great deal of difficulty in evaluat-
ing E physically in terms of the fibre proper-
ties, It isso because of the general structural
uncertainties involved in even such a yarn as
mayv be regarded as the nearest approach to
the ideal from practical considerations. This
led the wrnter to fall back upon the then
exicting resulis of measurement of the
properties of the fibre and the yarn and,
with their help, to develop an arbitrary scheme,
of E with reference to the gradations of count
of yvarn and the intrinsic sirength of the fibre.
The intrinsic strength, p/f, termed by some as
the fibre-breaking length and by others as
tenacity, was shown by Balls® to be a most
important character governing spinning qua-
lity. It was found (Sen®) that the agreement
between the observed yarn strength of cotton
and the varn strength calcutated from eouation
(I) using the given arbitrary scale of E was
reasonably close.

From a large number of data¥ it was conclud-
ed that generally the observed and the calcu-
lated values based 01 the arbitrary scale of E
differed by less than 5°; of the former. A few
cagses with larger difference (~10%) were also
noticed. The largest differences (~20%) were
however found in the case of the bhinary mix-
tuces of different cottons and may have been
caused by lack of perfect homogeneity of the

mixed product affecting the observed yarn
strength.

T It is to be noted that while, the symbol, ¢, has
been used for use in case of a test length, /, equal
to the average fibre length, for amy actra/ test length,
L, the symbol used is E., The length gradient of
strength, for instance, is an important contributor to
E, but has rather an insignificant efect on ¢. Consi-
dering the dimensions of the quantities which take
part in equation ([}, it appears that the factor E has
the inverse dimensjon of length,
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(B) Comparison of Equations for Flax
and Cotton

Equation V derived above and Spencer-
Smith’s equation for flax (ejuation 1I1) seem
to possess th= following common features—

(i) Both th= equations rapresznt the relation
between the count-strength product
(quality number) of a yarn at a long
test Iength and that of the same yarn

at the shortest standard or assessable
test length.

(ii} Both the ejuations contain a reduction
term for strength at the shortest stan-
dard test length., This expresses itself

in the equation as deviation from unity:
of the ratio :

Count-strength product at the observed test length

rE—— —

Count-strength prnductl at the specified shortest test
length

Thus in both cases, the count-sirength
product obtained at the shortest speci-
fied test length requires to be multi-
plied by a suitable propar fraction to
obtain the count-strength productata
desired test length.

The principal point of difference between the
two equations is that the basic test length is
the average fibre length in the case of cotton,
and the length of the fracture zone in the case
of lax. This point maiy be discussed further.

The mean tength of cotton fibre which ran be
easily spun varies from 0-5 inech to slightly
gver 2 inches. The maximum in the case of
the Indian cottons, howaver., hardly exceeds a
little over an inch. On the other hand, the
mean filament length of flax 1s several fimes
longer than the maximum length of cotton.
Unlike therefore the case of cotton which
possesses very short filamaats, thare is distinet
possibility of occurrence of significant effact of
a fibre strength gradient in tha casz2 aof the
long filaments of flax. This possibility pre-
cludes the use of the avaragz leagth of flax as
the shortest standard or assessable length,
The same reisoning alsa applies to any other
long textile fibr2 such as wool, jute, nettle,
ramie, ete. Now, Spencer-Smith (loc¢. ¢it.) has
pointed out that the m=an length of the fraca
ture” zone of normally twisted flax yarn is
about G-5 inch, With this letigth used as the
test length of flax yarn, th? edJa2ct of the
strenzth gradient of th2 yarn is undoubtedly
obviatad, th: clamping of the fibres at b>sth
ends may also be assumed gencrally, and no
complication due t{o the streagth gradient of
the fibre may be expected. Thus the priacipal.
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advantages of using the average fibre length of
cotton as the shortest standard test length, are
obtained in the case of flax if the length of the
fracture zone is adopted.

There is another point calling for atiention,
viz., the “difference” term which is E in equa-
tion (V), and

wn'F('n)*V,;.]
500
in equation {II). In usinZ the length of the
fracture zone as the shortest test length, Spen-

cer-Smith has pointed out that. the relation-

ship between the adjacent {fracture zones
arises from the fact that one flax fibre may
spread over several fracture zones (apart from
the question of any random wariation LM~
posed by the machinery). But when we use
the average fibre length as in the case of cotton,
i.2., when short fibre materials are under con-
sideraticn, the effzct of this factor should be
insignificant, 1t s therefore regarded that
F (n) which is based on the above consideration
in the case of flax (as well as of other long
fibres) cannot persist as an important factor
in the evaluation of the difference term for
cotton and similar other short fibres. In other
words, the strength-reducing guantity E for
cotton should not be significantly influenced
by the correlation of the adjacent small lengths
as indicated by Spencer-Smith {0 be {he case

with flax.
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It may be worth-while to explore both the
physical and the statistical possibilities whieh
govern the values of the slippage factor E.

(C) The Applicability of Equation (I)to Jute

With respect to equation (V), it may b=
pointed cut that the authorl? observed in the
case of jute yarns a linear trend between the
adopted measures corresponding to Q. and Q:
respectively. This indicates that for jute
which is a long fibre, the effect of the * slippage
factor”, E,-is not very important.

However, the possibility of wide variations
in the measurements, particularly of p, in the
case of jute filaments, and the fact that “fibre-
length’” of jute is, sa to say, created by the
processes involved in spinning, make the
avplicability of the equation to this fibre
only of academic interest.
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FUEL RESEARCH INSTITUTE

HIRD in India’s chain of eleven National
Laboratories, the Fuel Research Insti»
tute at Digwadih {(Dhanbad) in Bihar 1s due
to be opened on April 22, 1950, by ithe Presi-
dent, Dr. Rajendra Prasad,

The Institute will conduct researct{ on
major problems concerning fuel — sa]is_:l. liquid
and gaseous—and will operate a physmal_ and
chemical survey of Indian coals, 10 provide a
reliable assessment of the quality and quanti-
{y of the various coal resources of the coun-
tr}rn addition to problems of fundamental an‘d
applied research, sampling and analysis
of coal will be undertaken and pilot-plants

are to be developed for various processes.
The Institution’s work will be distributed

among the following main divisions:l Cf::al
Survey and General Analysis; Carb}omsat.mn
and by-products; Liquid fuel (including
hydrogenation, synthetic fuels, petroleum and
substitutes); Physics (including X.-ray and

Spectroscopy); Gaseous Fuels {including
gasification); Engineering (including prepara-
tion of coal for the market, coal-washing,
boiler plant and combustion engineering).

The Director of the Institute is Dr. J. W,
Whittaker, who will be working in Consulta=
tion with Dr. S. S. Bhatnagar.

Thera will be six Regional Coal Survey
Qtations working under the Institute for the
physical and chemical survey of coals and
will b2 located at: the Raniganj coalfield,
with a laboratory near Disherghar; the .Jharia
fleld with its laboratory at the Central Insfi-
tute at Digwadih, the Bokaro-Ramgarh-Karan -
pura fields with a laboratory at Ranchij, the
Eastern States coalfields (Vindhya PFPradesh)
with a laboratory at Umaria, Sagra Estate;
the Madhya Pradash (C.P.) coalfields, with
a proposed laboratory at Kamptee near Nag-
pur, and the Assam coalfield with a proposed
laboratory at Dibrugarh,
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