Orientation of Fibers

Prof. Bohuslev Neckar
Department of Textile Technologies
Indian Institute of Technology, Delhi

Lecture No. # 10
Mechanics of Parallel Fiber Bundles

In this lecture, we will continue our derivation of some model, which give up the

possibility to better calculate packing density and diameter of the yarn.

(Refer Slide Time: 00:24)
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From previous ideas we can as-
sume, that the quantity ¢ is a
parameter that depends on the
fibrous material and spinning
technology used.
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Result: p:(‘\/ﬁ‘Tﬁ, C'...const
T

The derived equation expresses
pressure p, as a result of yamn
geometry. Simultaneously we
know the other equation of pres-
sure p as the function of packing
density (compression of fibrous
assembly). The equivalency of the
right-hand sides of both equations
gives the expression as shown.
Now packing density is expressed
. as a spedific function of yarn geo-
| metry.

It—is possible to reamange the
‘Eguation.

Two-dimensional homoge-
nous stress — it was derived
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In the last lecture, we finished this equation. The pressure p which compressed fibrous
material in the yarn is a function of packing... C is some constant — we assume it; mu is
packing density of the yarn; alpha is aerial type of twist factor, twist coefficient; tau is
relative finenesses of the yarn, so that the ratio yarn finenesses by fiber finenesses. This
equation was in the last lecture, derived from geometrical relations inside of... By the
pressure as a function of packing density, we know from one of earlier lecture about the
compression of fibrous material. We derived the pressure — some k p times this ratio;
where, mu is packing density; mu m is some maximum value of packing density; not too

far from 1; a is parameter usually equal to 1.



And, we also mentioned that by solving more difficult problem of two-dimensional
homogenous stress, which can be assumed like this here — comparative fiber bundle from
all sides. We can obtain similar equation only some parameter b more is here (Refer
Slide Time: 02:39). So, we know the pressure as a function — some parameter times this
ratio based on the packing density mu. You have two equations of pressure: one equation
is going out from yarn geometry; second is going out from physical model, some
generalization of earlier one week model and so on. Evidently, these two right-hand
sides must be equal. Therefore, based on equivalency of right-hand sides, we can write

this equation.

(Refer Slide Time: 03:22)
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- right-hand side: ( (/) a] \/_

2. 2

I‘,\

—(\[-J_|Z\/_| —(j'\/;,\ s PZ"'T:

(&

T p
\ iz iz :
=Cfp—m=ZT = Jul C (zr*)
R °2%)

- equation:
— k, h—
£ 1-
f:;‘ (1= ]

This is the same as in the last slide — this equation. Now, we make only on mechanically
rearranging of such equation. For example, on the place of alpha s, we give Z times
square root of S; on the place of tau, we give capital T by t, so that we obtain this
equation; on the place of square root of S, we have square root of T by rho; on the place
of quantity t, fiber finenesses, we have S — fiber cross section times rho. The other trivial
equations, which we know usually from our lecture 1. s — fiber cross section here is pi d
square by 4; where, d is fiber diameter; also, trivial n. So, we obtain right-hand side of
this equation in such form. Therefore, we can write right-hand side is same is equal to...

right-hand side is repeated in this (()).



(Refer Slide Time: 04:40)
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General parameter O - (' dﬁ/( 2k,byJp) depends on

the material and technology used
Final equation, which determines the packing density:

> A .
kL — =Q(ZT1/4)- (I)

a‘%&} w is the function of Z7%“ now! (Koechlin's exp. is 1/2)

MPTEL,

Let us continue it. We obtain this here; we can write it also in this formula; and, towards
here, here is constant fiber diameter k p — b, rho, pi — different parameters characterizing
the material and technology, but no twist and no fiber count, so that we can say that for
given type of yarn, whole this expression represents a common parameter, Q. Then, we
can write our expression in the form mu power to 2.5, because earlier was square root.
Square root is also on the right hand side (Refer Slide Time: 05:45). Therefore, from mu
power to 3 is now mu power to 2.5 is equal to Q, some characteristic parameter of
material times Z times T power to 1 by 4 — a quarter square in Koechlin’s model. On the
left-hand side is packing density only as a variable; on the right-hand side is yarn count
power to quarter. In opposite to Koechlin’s expression, in which is square root 1 half.



(Refer Slide Time: 06:40)

F % Boluslav Neckd', TU L iberec, Dapt. of Textile Techrology l -

x RELATIONS AMONG 7, Z, i, AND D
Parameters: Common dimensions:
a...usually equal to 1, T

M,.-usually equalto 0.8 —— =4 | I[w]f-
(influence of yarn surface)t H/“\}J TW Z[ ]

Values Q [nf tex"'{:']. (n,=0.8)

Fibrous material | Spinning technology

density p OFE.
npe [kg i } combed | carded fvpe BD
cotton 1520 |1.46-107 [961-10™ [6.18-107
I'S, C-npe 1500 412107 1.76-107
WET, C-tpe | 1360 2.98-107 1.29-107
wool 7310 1216107 [120-107" [6.49-107

Using this equation (Refer Slide Time: 06:36) in common physical dimensions, we can
iterate in such form. Now, here are the dimensions, which | can recommend for practical
application. What is the value Q? It is | said is a material parameter. Based on our
experiences, we can say that for different fibers and spinning technologies, the following
values we can recommend to you. In more details, it is based on special type of your
fibrous material, your situation in your spinning mill and so on. But, generally, you can
use this here. Often say the values for wool yarn are rough, because we had not too

much experimental material.

You can see, for example, for cotton combed yarn, 1.46 times 10 power to minus 7 for
carded 9.61 times 10 power to minus 8 and so on. Combed and carded yarn have another,
because another structure, so that they have another values; for viscose yarn, for
polyester yarns, | have only one. It is not produced as a combed; it means it is here in the
middle in this table, because also, the blends are used; it can be blend if it is carded as far
as combed yarn. Therefore, it is in the middle here for open end, type BD; we have then
this. This equation — because now, to derive this, my speech, | want to comment this
equation; | know my students comment this equation; the meaning that application of
this equation or this equation and its application is a little difficult. Therefore, they
started to call it a horrible Neckar’s equation. In check language, it is a better; and
therefore, if also there is some shortening for this horrible Neckar’s equation. It is



horrible Neckar’s equation number 1; later, it will be horrible equation number 2 also. So
is the life in students’ society.

(Refer Slide Time: 09:42)
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Example: For carded cotton yarn of 7=29 5 tex,
Z=71943 m! («=123.57 m-'ktex1?), the right-hand side of
the derived equation is 027016 and this corresponds to
u=0 460 on the left-hand side (calculated by numerical
method). Then, yarn diameter is =0 232 mm.
Problem in practical application:
(How to find the root . from our equation? ) |
a) Use a table prepared before (as shown)
b) Use a numerical method (e.g. interval splitting method)
c) If we know, that the packing densities of our yarns
produced lie around a value 1" , then it is possible to use
approximation, as follows. (The approximation of relation
’#p u from the compression theory was used for deriva-

rﬁ?n n.)
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An example is here shown; when we know yarn twist, (Refer Slide Time: 09:57) yarn
count and give a value of Q; for the yarn, we usually on the place of mu m, this
maximum value — its limit value of packing density — we use... It is our practical
experiences; its value 0.8; no 1; then, 0.8. Why? Because in each yarn also, very hard
twisted yarn; on the vicinity round surface of the yarn, the packing density is smaller.
Then, the mean value of packing density also in hard twisted yarn is a little smaller; it is
not too near to value one. Therefore, based on our experiences, we can recommend to
use on the place mu m — 0.1. And, for a, also based on our experiences, value — 1, so that
we obtain then this — this expression, which we use practically. When we know yarn
count, when we know vyarn twist, no problem to calculate using such equation the

packing density; no problem; we can calculate right hand side of our equation.

And now, we need to solve the question — which mu on the left-hand side corresponds to
our right-hand side value. We have more possibilities — how to apply it in practice? You
can prepare tables of left hand side of our equation. So, mu and left-hand side value
(Refer Slide Time: 12:01) — like this here; prepare such table. When we know value of
right-hand side, it must be equal to left-hand side; then, if we want this table, can say

which of mu is corresponding to our equation. Second version is use a numerical



method. For example, interval splitting method, but you need to know some basic tools
from numerical mathematical to be able to (( )) and program it. Maybe you are, but lots
of people are not especially in textile industry. Therefore, also, the first version for
practical application is possible. When we know, the packing densities of our yarns
produced lie around a value — some value mu star; what | mean? When you produce
carded cotton yarns in your spinning mill, then you know that packing densities in all of
your yarn will be maybe from 0.4 to 0.5. So, you can say, it will be no too far from value
maybe 0.45 or 47.

Your yarn will not have packing density 0.2, for example. It is a question of... Maybe no
far the products rowing, for example, so that we can say my yarn are nearer packing
density and need to some value mu star, which I will choose based on my experiences.
And then, it is possible to use an approximation. The approximation function to our

original function — (Refer Slide Time: 14:11) this is our original function.

(Refer Slide Time: 14:15)
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Approximation | o(w/08 lj
Parameters: -3 L, o= B
Packing density: |
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The approximation, which is valid around our packing density mu star, we obtain using
following receipt. We calculate the value b; then, value c; then, when we have this here,
we calculate packing density mu using such expression. It is very easy. Now, it is
constant times twist times yarn count power to 1 by 4 whole power to 2 by b minus 0.5.
And, yarn diameter is square root of 4 times 2 by pi mu rho; from D, we obtain this
expression; practically, very easy. When we realize that it is constant times T power to



something times alpha power to something, that the type, which was derived earlier as an
empirical expression. Now, it is shown that it is an approximation — region of

approximation of theoretical equation.

(Refer Slide Time: 15:41)

JF 1 Bohuslav Neckd', TU Libaree, Dept. of Textile Techrology )

RELATIONS AMONG T, Z, n, AND D

Example: Let 0=9 61 10 m*tex!? | p=1520 kg mr* and
“‘=D 46. Then we get 0,67 u': 046 O0=9,6110"m"tex?
b=5.11261, ¢=9.70918. L Y
For approximated p. it is valid ..47 APPROX
p=0,018393Z 3 T ™ ORIG >
[t [tex] X Roving (by Salaba):

and for approx. D we get 02 200 tex

0,5542 u -0,21680 / -
[1’“ m| =0 1()[)1)?.]'[' x] s [m'kru'f] "f/'ll)nlrl(:l\!“
Experiments on carded 4 e s
cotton yarns and rovings e 27 [w'tex]
(Fig. on the right hand side)
Yarn count ranges from > \

165 to 100 tex, twist fac- ' — L
tg{ anges from 83 to 1000 2000
Tl ktex!2, Z7% [m'tex'®

Here is an example, which for the approximation for the carded yarns, is often possible
to use this equation for calculation of packing density. Then, diameter is evident. How is
the relation between experimental result and our model. The first graph show the
relation on the (()) is twist times yarn count power to 1 by 4 — quarter. And, the ordinate
is packing density mu. Using Q of this value, we obtained the original curve as this thick
line; this is the thick line; varied our approximation function is this thin line. And, we
measured lot of carded cotton yarns; diameter of these carded cotton yarns; and, we
obtained from this measurement packing densities, which characterize the points here on
this graph. So, you can see that the thick line follows the tendency of experimental
values very well. But, because the yarns are only roughly for this value — 1000 or
something under 1000; from this value, no for very small packing densities from... | do
not know; this is 35 for extremely small twist in the yarn, because the yarns are not in
whole region of whole area in this graph. The approximation curve, which is precise only
in our point mu star — mu equals mu star is enough good for whole interval of yarns, for

example.



But, it is not good for following experiment. Here the difference is very high my
colleague earlier colleague in research institute mister Zalaba measured also the
diameters of followings. His empirical equations of rowing diameter; the result of it are
shown in these two short curves here. You can see that it is very far from our
approximation, but very near to our theoretical curve. So, our theoretically derived curve
is valid in acceptable comparison — this experiment in whole region from rowing to
twisted yarns. The approximation equation — when you use the characteristical value mu
star (()) this. For yarn, is not possible to use for rowing and opposite. Write this relation
of packing density; here is approximation by original — this ratio. You can see that in this

region, it is very small difference.

(Refer Slide Time: 19:50)
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Suitable yarn twist

The equation (I) helps to derive
the relation for suitable yamn
twist,

We shall apply the idea of geo-
metrical similarity of fibers on the
(ideal) yarn surface as well as a
more precise form of the theory
like Koechlin's concept. The slope
of surface fibers will not be cha-
racterized by angle [i, at a dia-
meter D of the cylinder as before,
but better by the slope of surface
fiber AXIS, e.g. by angle ' at a
diameter D' on the cylinder. The-
refore, we must use the so-called
“Schwarz constant”,

Modified diameter
D' characterizes the
position of axes of
surface fibers; D'<D
Definition : ', =D'/D
Imagination:

theoretical limit

The way for determination of sui-

EabbEtwist will be discussed now. structure, it ls

valid b
D-D'=d

MPTEL

We derived an equation for calculation for the packing density inside of the yarn. The
equation in which the influence of compression or generalized to one week’s; one week’s
equation was used. The same equation is possible to rearrange and to obtain the second
equation, which can help us to find the best; not the best, but, the good value of twist of

the yarn twist — suitable yarn twist.

Let us start now with the rearranging of our equation to the second form, which is good
for such work. Schematically, this is a yarn cross section; diameter of our idealized yarn
is D. But, the axis of peripheral fibers are lying on the little smaller diameter. In the
moment | call it D dash, we will find the ratio D dash by D. This ratio found mister



Schwarz at first. Therefore, it is known in later age as the Schwarz’s constant. Let us
imagine first step of our ideal; let us imagine — the yarn is limit packing density; then,
the fibers are mutually (()) in contact. The part of this structure seems like this here — D
minus D dash. The diameter D is this; (Refer Slide Time: 22:05) diameter D dash is this
here; D minus D dash in this case is equal to 1 half of fiber diameter, so that this is 1
half on the other side too.

(Refer Slide Time: 22:26)
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(Continuation)
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2. Real yarn has diameter » and proportionally longer
‘modified diameter D" and therefore the value of Schwarz
f;;ggitant is the same .

So, both together, D minus D dash is D. C D is D dash by D. So, it is this here; then, it is
this here; using on the place of D, 4 times S by pi mu; mu limit with (()) Now, we speak
about the hypothetical yarn having limit value of packing density. So, then, after
rearranging, on the place of S, pi D S square by 4 is rearranged. So, it is this here — d by
D S - you can see from lecture 1; it is 1 by square root of tau. So, we obtain this here.
And finally, because mu lima, we know it is something over 0.9; we obtained 1 minus
0.952 by square root of tau. And, because it is a little rough theory, we can (()) too high.
I do not say approximately that C D is 1 minus 1 by square root of tau.

When we use tau as T by small t, C D is 1 minus square root of small t by capital T. It
was derived for yarn having limit packing density. And, when we go back to our real
yarn, packing density is more. We can say that all in our dimensions can be elongated in

the same percentage, so that also, in our real yarn roughly, this ratio can be same, so that



this quantity C D — (Refer Slide Time: 24:22) we will use as an expression for our

Schwarz’s constant.

(Refer Slide Time: 24:30)
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Modified angle p’ (slope of fiber axes on yarn surface)

tanp’ = 2x(D'/2)Z = xD'Z = WZD/p  tanp =xC,
Rearrangement - eqn. (I)
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On the diameter D dash, (Refer Slide Time: 24:35) where a lying axis of our peripheral
fibers — the axis of peripheral fibers have a little other angle than beta D — our earlier
beta D. This angle is beta dash; and what its value tangents beta dash, is 2 pi D dash by 2
is radius; and, Z D dash after rearranging this, so that it is kappa times Schwarz’s
constant. Now, let us rearrange our earlier equation 1 — this equation (Refer Slide Time:
25:24). Let us rearrange. This is our earlier equation — Z times T power to a quarter; T
power to a quarter is here; Z — it is pi D Z by pi by D; it is multiplied and divided by pi
D; D — we know is square root of 4 T by pi mu rho. So, we obtained this expression
(Refer Slide Time: 26:09). After graphically arranging this expression is black symbols —
kappa from this expression is tangents beta dash by C D. So, after | obtained this here on
the right hand side, left-hand side is this here (Refer Slide Time: 26:35). Using C D
based on our earlier derivation, we obtained this expression. And, Q times tangent square

beta dash times rho may be S by 4 pi — means this quantity.



(Refer Slide Time: 27:02)
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Determination of the quantity ~
Mowe, we think yarns a) from same material and
simultaneously b) for same {analogical) end-use,
We will study beo special cases:

& same technology and different yarn counts,
2_different technologies and the same yarn count

I will call under the symbol R, because here was (Refer Slide Time: 27:14) on right-hand
side mu and this mu power to 2.5 for some left-hand side. Therefore, it is another
exponent; it is 1.5 only. So, we obtained our equation in this form, (Refer Slide Time:
27:33) where R is here. In this moment, it is no more than only a rearrange form of our
earlier equation; nothing new; only mathematically rearranged; the new will come. We
can study how is the quantity R. Let us think, the yarns from the same material and
simultaneously for same or analogical end-use. We will study two special cases. Case 1 —
the same technology and different yarn counts; example — carded cotton technology, but
one time 20 tex; one time 40 tex; one time 60.5 tex and so on. The second case, which
we will study, is different technologies and the same yarn count; | said same material and
similar use. For example, cotton material, cotton yarn — 20 tex; carded version, combed

version, open end yarn version — different technologies.
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It was derived . R an? @
'’ ["l—lufum ) T e R—Qm—w
Problerit=- how to twist? T (1-\/T) i
Case 1 - same technology, different yarn counts:
Answer: The modified angle [ (slope of axes of peripheral
fibers) should be constant. (Improved idea of geometrical
similarity from Koechlin's theory.) — R = const
Case 2 - different technologies, same yarn count:
Answer: The contact density v (it is valid v=k_u*) should be
constant. (Idea of similar fibrous interactions.) = p=const

s /T +a 3 2 e ]
= [ 1=(/iy ) } = const., denominatorv7 (1-/t/T ) =
#ognst. and therefore R = const
g:‘gferally: R=const  for all yarn counts and technologies

We said this is our equation — often equation. Case 1 — if the case, same technology and
different yarn counts; Koechlin said that for different yarn counts is good when the yarn
have a geometrical proportions, when we accept the geometrical similarity. Therefore,
corresponding angles shall be same. This Koechlin’s idea — 200 years old is very good
also in these days; it is very good idea, but we must think now about the beta D angle on
the surface of the yarn. Nevertheless, on the angles, which have the axis of peripheral
fibers have angle beta dash, so that this assumption which may be very good have... We
must interpret angle beta dash for the whole of this Yarn must be constant, because beta
dash is constant rho; say material for pi; total constant, Q for given material is constant.
So, R is constant. Resulting recommendation for such yarn from same technology and

different yarn counts — R shall be constant; for suitable twisting, R must be constant.

Let us have the second case — different technologies and same yarn count. The contact
density — density of contacts — number of contact per volume unit should be constant,
because of the mutual influence fiber to fiber and so on. We said we use this yarn for
similar analogical use and so on, because number of contacts shall be same, because
number of contacts is parameter times mu square; we know it from earlier lectures. Then
also, packing density shall be same. So, let us twist carded, combed as well as open-end
yarn; same yarn count, so that it will have same packing density. Then, left-hand side of
our equation is constant — same packing density mu. Denominator of right-hand side is

we compare yarns having same yarn count; it is from same material. So, denominator is



constant too. And, because this equation is valid, also R must be constant evidently.
Understandable? Left-hand side — we say is good for suitable twist to have packing
density constant; how will have left-hand side of our equation. Therefore, all this left-
hand side is constant. Denominator, because all yarn counts are same, is constant too and
because this is equivalency. Therefore, R must be constant also. So, R is constant. In
both cases, which are quite different we obtained the same result; R should be constant.

(Refer Slide Time: 33:51)
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Parameters: Common dimensions:
a...usually equal 1, T R
i,....usually equal 0.8 £ lex

w008 (1= fia i)

:[]

Typical values of R :

= :
Material [L‘gkm"{} [t::u:] Note: The para-
. = ————|meter R reminds
cotton - long staple 1520 | 2.145 h i
cotton - medium staple| 13520 | 2.737 Illjzsetl i)?;_gi;?on
IS, C-type 1500 | 4.589 of twist factor.,
=, PET, C-type 1360 3.563
RS wool /310 | 2341

So, let us generalize this knowledge and say that for given material independently to yarn
count and independently of type of technology, | speak about the technologies using
twist for another group — fiber to fiber together and obtained some linear product;
spinning technology used twist; no bonding silver or something. For each material ~ and
use of our yarn, the quantity R must be constant. What is good value? You can see in
this table; for example, for cotton fiber - long staple — 2.1 tex power to 1 half; medium

staple — 2.7 and so on.
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Couple of equations (I and II) — application

Usually we know: W »

O.R..parameters ———— = )[mﬂ Z[m.] [J,
(from giving tab.) [l (L O8) J

t,p...material v R

T...required yarn [l _ {re']

t ST 5 —= @
Evca?llll:tion: [H“/“MJ \/M(l_\/’lm!/?[m!) -

1. Calculate the right-hand side of equation (II).

2. Find the packing density p as a root of equation (II)
(using numerical method or tables prepared before).

3. Calculate the left-hand side of equation (I)

4. Find the suitable yarn twist Z as a root of equation (I)

5¥Chlculate the yarn diameter, D= [T /(o)
4 mm tex e"l
PTE

k

So, we have couple of equations. This is the first and this is the second. This couple
called my students horrible Neckar’s equations. In Czech language, [FT] In a shortening,
itis [FT] Sn R and to one time, one (()), one student will come to my assistant and ask
she, please she for some consultation. And, my assistant say yes and what the theme of
which was... where is your problem. And, she said | want to have the consultation about
[FT] Horrible (()) So, it is very known in my university; (()) is very known. Professor
Ishteyak can comment it more. He knows it very well; yes. How is possibility how to
apply these couple of equations? Usually, when Q and R... Maybe when you do not have
more precise values, you can use some values from my tables. So, you know Q and R.
Then, we know t and rho — fiber fineness and specific mass; that the mass density of all

these materials.

And, we also know the required yarn count T. How to evaluate, how to calculate the
future quantity of our yarn? That from point 1 to calculate right-hand side of equation 2;
is it possible? Yes, is out problems. Point second — find the packing density mu as a root
of equation 2 are worth find a mu, because the left-hand side was given the same number
as our earlier calculated right-hand side using numerical method tables (( )) and so on.
Then, we know mu. Point 3 — calculate the left-hand side on the equation 1. We know
mu; we can calculate left-hand side value. And, point 4 — find the suitable yarn twist Z as
a root of equation 1. We know all right-hand side, Q yarn fineness. So, Z is trivial to

explicitly evaluate it; is not it? Now, Z square is what? This by this (Refer Slide Time:



38:18) and by Q and T power to 1 quarter times; the square is 1 one half; is not it? So, it
is trivial to obtain Z from this equation. So, we obtained Z as a suitable twist of the yarn.
And, calculate yarn diameter using packing density, which we derived from the equation

from lesson 1. So, it is the way how to practically use this couple of expressions.

(Refer Slide Time: 38:51)
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Example: For carded cotton yarn 7 =29 5 tex, it 1s

=016 tex (medium staple), p = 1520 kg w3,

0 =961108m?tex12, R = 2737 tex!2,

1. The right-hand side of equation (II) is 0.58723,

2. The root of equation (II) is p = 0.460 (calculated by
numerical method).

3. The left-hand side of equation (I) is 0.27013.

4., The suitable twist is Z = 71938 m'! from equation (I)
(o0 = 123.56 m! ktex!?),

5. The yarn diameter is D = 0.232 mm.

Problem in practicakapplication:

(How to find the root x from equation (1) — point 2)

A) Yse a table prepared before

DlbL;h[Lse a numerical method (e.g. interval splitting method)

MBTE|

An example is here. Numerical example you can home study and verify that; I calculate
it. The problem, which can you have, is the problem in practical application in
evaluation. In point 2, find the packing density mu as a root of equation 2; find the mu
on left-hand side, because we valid an equivalency, is known right-hand side. You can

use tables; you can use numerical method.



(Refer Slide Time: 39:31)
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c) Use the following approximation of equation (II)

« We consider a "middle” yarn in a set of produced yarns
from same material (+. p. ?) and same technology (©).

We must evaluate the quantities Z°. 7. 1" of “middle” yarn
by eqns. (I) and (II). (Only one "uneasy” enumeration.)

« We evaluate the value 5 = 3{1 +2(n" /0.8 15}/[1 (/08 )]}
as before (slide 20)

« We evaluate: B= sz(qf:fi;x]./’rw —l). £=(5-0,5)/(b-15 )‘.I
{]:[;_|I+B |+IJ/-' U‘--J[m]:tx"lj Z[:n'][ﬂ‘.’*l'

« Approximation of suitable twist: 7 ., = O o] o

ppe Z = /77, «, q...parameters like Koechlin's empirical
ction, shown before) [\

And, you can use also approximation. Similarly, we spoke about the approximation of
our first equation, but it is possible to approximate also our second equation. The result
is here. It is presented as a result. Both approximations are derived using following way.
We said in some point, the first section — it was mu star; in some point, mu is the up most
approximation. The approximation equation must give the same value than the original.
And, the second assumption for approximation is or the second necessity is the first
derivative of approximation function. And, the first derivative of original function in our
point must be same. Based on these two equations: equivalency of value and
equivalency of derivatives, we obtained the final equations, which are present; I am
presenting now here. So, we can calculate the following.

We must evaluate the quantities of Z star, T star and mu star of middle yarn from
equation 1 and 2. One yarn — let us say one Yarn | will calculate based on original
equations include... I do not know tables or numerical method and so on; only one yarn.
One typical (()) yarn, which is in the middle of area of my activity in my spinning mill;
this yarn is average or middle yarn; values have stars here (Refer Slide Time: 41:35).
This is the result, which | presented. Now, we evaluate the value b, because we know mu
star is possible; then, capital b also possible; Z x | also possible; all these three are
helping quantities in our way. Then, q — it is very important; and, alpha g according to
this equation. Having these quantities, we can formulate the approximation equation that

the yarn twist is alpha g times T power to g.
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RELATIONS AMONG T, Z, n, AND D

Example:Let =0 16tex, T"=29 5 tex, Z'= 71938 m*!,

i’ = 0460 (values from examples shown before). Then:

b=5.11237, B=0.15900, & =1.27683, ¢=0.61996,

o, =5864m" tex"*" and therefore Z, , =5864/7"
864 I,;’ilm o 40T Parameters used: 1 = 0.16 tex

O e®] = m [ ktex'?] \ 0=961-10" m? tex?,
ok 130t \ R=273Ttex"?

Note: It corresponds APPIOX

to the eqn. Z = \,L/th r 120r i o eqi

o, ¢...parameters ~

like Koechlin’s empiri- 110 \Q\

cal correction, shown

= F 100 + 4 1 + {

e re) 0 20 40 60 80 100

AT T [tex]

MPTEL

An example — numerical example shows that the correspondence between... this is
numerical example and this is the graphical interpretation of two curves. One is alpha —
recommended alpha as a function of yarn count; two lines — one is original theoretical
equation; the second is approximation. Using that in large interval, both versions are no

identical, but practically same; very good for application.

That is all for today. | presented you some model of packing density; | presented you a
couple of horrible Neckar’s equation. And, in short, also the way — how to apply it in
practice in practical calculation? | did not explain one moment; | spoke about yarn
diameter, but the question is what is it yarn diameter, because yarn diameter — where is
the end radius for yarn diameter? Where is the maximum radius in the yarn? And, where
started arial — this sphere of hairiness sphere? In reality, it has no strong borders;
diameter is every time a little... the question of our convention. And, we need to solve it

together; the modeling of external part of the yarn body, which is sphere of hairiness.

Our next lecture — we will study the models of hairiness. And, in connection with this
model — we will find; we will explain in more detail the question about the yarn diameter

too, but it will be in my next lecture.

Thank you very much for your attention.



