Orientation of Fibers

Prof. Bohuslev Neckar
Department of Textile Technologies
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Lecture No. # 01
Fibers and Yarns: Terms, Definitions and Relations

Let us start today’s lecture, today’s lecture is have the team fiber orientation. You all
know that the fiber orientation is very very important phenomenon in the textile practice.
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The arrangement of fibers in a
fibrous assembly should be des-
cribed not only by its packing
density, but also by its directional
arrange-ment — fiber orienta-
tion. This primarily geometrical
phenome-non influences a lot of
other characteristics, mainly me-
chanical properties (differences
among combed, carded, OE, and
friction spun yarns, anisotropy of
non-woven etc.)

The natural vegetable and animal
tissues also “utilize” the advanta-
ge of orientation (mechanical re-
sistance of grass or straw, struc-
ture of bone etc.)

Therefore, the fiber orientation
é!mu be deeper theoretically
an !

MNPTEL
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ORIENTATION
An exact interpretation: Distri-
bution of directions of fiber
segments. — Two definitions:

1. Fiber segment

(e.g. portions of certain length
AB; especially AB—0)

2. Orientation unitary vec-
tor (e.g. joi-

ning end p
points A. B; £
if AB—0, -
then tangen- \
tial direction)

So that, we want to to to analyze this program more deeper. When we say orientation we
need to say, what we mean under this term? We must say something about the fiber
segment, which we use for orientation and then about the definition of direction; how to
define the orientation vector? We can speak about very short fiber fiber segments
extremely short like here, then the direction is our problem it is is evidently tangent of
this small fiber segment. In other case, when we use this green green segment having a

longer plans, we usually use the line from end points located to end points A and B. Yes.
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MODEL OF PLANAR ORIENTATION
OF SHORT FIBER SEGMENTS
WITH ONE PREFERENTIAL DIRECTION
(Practical example: Carded web, sliver, etc.)
We think about 2 influences: Random and preferential

Pure random (isotropic) orientation

Idea: Tmaginatively, we divide each fiber into small (infi-
nite) segments, having orientation 3 Wy =0

angles , =(-n/2, n/2) from y-axis., - " |/ o
In this case, the PDF must be ~_ 7_2 i e
o\ )= k..constant —t—

T (R 773

.’-ﬁh}n = I Jolyy )y, =k j dy, = km, £ 0w, Re1/m
,‘!7

m;;m?m =x2

We were to speak about the easiest case; it means we will speak about planar orientation
of fibers. It is often a case; for example, of web and yarder typical extract structures. Let
we have some coordinate x and y and then we want to measure the directions from minus
pi by 2 to 0, 2 plus pi by 2 understandable. So, from minus 90 degree to 0 to plus 90 90
degree, the easiest case is if our probability density function represents pure pure random
it means isotropic structure. So, that in each case the direction is in the same probability,

how must be this probability density function evidently must be constant is not it.

If it is constant, we can write we can write that such function, this function we call f 0 psi
0 is this our staring probability the density function, this integral from this PDF f 0 psi 0
d psi 0 from minus pi by t 2 plus by 2 must be equal 1. As every time integral from
probability, each probability density functions, but because this function is constant we
carry this one. So, this one and from this we obtained that the such probability density
function is constant and equal 1 pi by 1 pi 1 by pi. Normal way, normal way this

isotropic structure is not real why.
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Preferential fiber orientation in one direction
During processing, fiber segments tend to take the
direction near to the preferential direction because they
are mechanically affected by:

1. Other segments a) adjacent, from of the same fiber,
b) from other fibers, and

2. Textile machine elements (e.g. pins, cylinders, etc.)

In fact, the influential actions of surrounding fiber
segments are various = It is necessary to choose a
suitable simplified concept, which is able to express
(roughly) this different actions.

Idea: Imaginary flexible belt equipt with perpendicular

Eg} es. (Spikes substitute the influence of surrounding to
‘therstudied fiber segment.)

IPTEL

Usually, no every thing, but usually one direction is preferred. In the example of (()) it is
usually to longitudinal direction. Why is why the one direction is preferred because first
sorry first other segments connected our segment. How to say it? Kick to this segment
through the process because oriented it more to to preferential direction. So, it can be
other segments or adjacent from the same fiber or from the other fibers and also of

course, the textile machine elements different pins cylinders and so on and so on.

In the reality in the reality, we obtained some structure, which preferential direction. The
real physical mechanism of this process is very vey complicated it is very difficult to to

describe it.
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Imaginary flexible belt:  before () -drafting- after ()
»...spikes

/ ...one fiber segment
The preference of y-axis
direction in this model:
Vertical elongation of
the flexible belt
It is valid:
tany, = x;, /¥,
C'=y/y,. C =1 ..drafting value of the imaginary belt

v, lanyg ‘I‘i = c c

<
tanp=—L=—L

y Cy C dyr (1 tan’ ) cos® vy cos” € s
;b)i (& . C dyy, c
i 2 =7 1 2 ] r -4 '
e e P —Cleos’ y P —(C? =1)cost ' | dy €7 —(C? = 1)cos

So that, we need to use some some thing, which is more easier easier. Therefore, we
start listen idea, let us imagine like an imaginary flexible belt equipped with this
perpendicular spikes, such spikes substitute the influence of surrounding of our our fiber
segment. This is shown here, let us imagine such, imaginary flexible belt having some
spikes some spikes like like flicker that here. And this substitute influence of

surrounding of our green fiber.

On the end, our short fiber segment sometimes | says, fiber what | mean a very short
fiber segment, which is possible intemperate as straight on the end of our fiber segment,
let us take some some choke some orange choke and make on our imaginary belt and
orange point. Our fiber segment is lying on the is lying on this straight line P, evidently
end point of fiber is is coordinates x 0 y 0. So, z tangent psi 0 is x 0 by y 0 evidently.
And now let us elongate let us elongate our imaginary flexible belt. Please our belt is
imaginary and not real. And using this moving the x x coordinate. | must say the the fiber
fiber segment is a slip between the slipping between the amount of the the spikes, but it
stay (()) on our straight line P.

So, that after our elongation, after our moving the situation is alike on our picture here, x
coordinates still be same y coordinate it is higher in the traditional a spinning technology.
We know the quantity and drafting value, which is ratio in our case it means y by y 0.
Let us use this quantity as a degree of elongation of our imaginary belt, well if C is



equals to zero then if C is equal to zero sorry sorry, if C is equal to 1, then it is without
without elongation, higher it is, so high is high is the elongation. Now, from the from the
picture, we see that the tangent psi, hang up psi is here, must be x 0 by y, but y from this
equation is C times y 0. So, that is this one, x 0 by y 0 is tangent, psi 0 so that this one.
Now we can make very differentiate, we can differentiate this equation and after few
steps you can own to to derive it, we obtain we obtain the such equation is here. This this
of three arranging in final, we obtain this equation to be important for us. Well, it was the
discussion about one fiber, now about all fibers. The starting probability density function

is the starting situation was an isotropic structure probability density function f 0 psi O.
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Probability density function vl
Jolws L..PDF before drafting o
£, (wr, )dy,-relative frequency of fiber i '\‘yiiu;"'-‘,‘
segments in the elementary class ;N Xy
before drafting ’\-ﬂ.
() ...PDF after drafting ‘

£ (yr)dy ...relative frequency of fiber
segments in the elementary class after drafting
Both relative frequencies must be the same !
Jotwg )dysy = f (w)dy
Therefore c
ol S N C
Z_@I" =filwy) dy,/dy . e C?—(C* ~1)cos’ y
PTEL L3

You know, that the f 0 psi 0 times d psi O probability density function times differential
quantity have some logical sense. It represents the reality frequency, but a little abnormal
relative frequency, the relative frequency related to a elemental class interval; class

interval, which is very very short, differentially short.

So, we can imagine such elemental class, the relative frequency of such class is every
time probability density function times differential quantity. We will use this logic
logical moment more times in our lecture. So, it is f 0 psi 0 time d psi 0, relative
frequency of fiber segments in the elementary class before drafting. After drafting a new
probability density function is coming. It is a probability density function f psi, this also
(( ) a subscribe. So, the f psi d psi is relative frequency of fiber segments in the



elementary after our drafting of our imaginary belt, but both such relative frequencies
must be same. Because the fibers inside of inside of a starting of a staring angular
elemental class must be same then after our elongation of our belt, imaginary belt is not
it.

So, therefore, it must vary, f 0 psi 0 d psi O relative frequency before drafting must be
same that f psi d psi means the same after drafting. Using this equation, after substitution
of our known expressions, do you think the equation for probability density function of
fiber short segments after after using some drafting, it means after preferential of one

may be longitudinal direction. I will see, how it is graphically, how is this graphically on.
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QEMQJ ) ) |
interpretation:
Maximum
c
fiw =f(0)==
e 19
Minimum
T 1
-'frv\m:-fl 5 |:T
2 [
Drafting value
or generally
measure of
preference '
is

So, more are the fiber concentrated round our in our imagine the imagine longitudinal

longitudinal direction.
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& Note: The corresponding distribution function is

' Ctan
L] C W

| .
Fly)== j T T I e e
T (L4 C% tan® g’ Jcos® yr” £ L (I+x")cos*y C

{2 cost g’

dy=

}\' =Ctany’ dv=(Cfcos™ ' )y, dy’ = (cos® y' /C }d\':

1 Ctany 1 = 1
= —[arctan x| = ~ arctan (€' tan ) + =
r o T 2

(" is an integration variable)
Cauchy'’s distribution of tangents : :
ar

New random variable: ; = tany, re (-0 0) — =—
dy cos®y

¢(1)...PDF of the variable 7. It is valid: / (y )dy = ¢(7)ds
;@tive frequency in elementary classes must be same,
b

begause same fiber segments belong to both the classes)
e

Well, now only for your information, | do not want to in detail to explain it. When you
need to the to have some distribution functions is here is derivation of this. We can say in
the moment that, we are that we can be very proud to obtain quite new quite new
probability density function. We we can published it in the special journal of applied the

theory of probability sorry.
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Now we consider 2 independent random . [~
variables x, y, where: ™ v
1. Both follow the Gaussian distribution, ~ * « 1", 2"
2. mean values of both are equal 0, — =3¢ —
3. their standard deviations o, and o, P L
_are generally different | s
{(This remind us about "the shooting 3l
_}‘j__ ractice”; "bullet” A tany, =x, /y, )




Now, this this pictures show that, how as a tangents of our angle f psi have so called
Gaussian distribution. So that, it is this is a one of a known distribution from theory of

probability.
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Generally (from the theory of probability) the random
variable /= /) have the PDF

%/9% _1 _C | Cauchy’s distribution

1
L e 1+ CF

T _=C 2
l+| g, /o, | r
The variable tan have the Cauchy’s distribution!
@ preferential
Generalized PDF of fiber orientation i i
Let us assume, the preferential direction (/)
is described by the preferential angle
e (-n/2,n/2) with y-axis. Then y=a+&.
‘2z angle of fiber segment from pref. direct.
= angle of fiber segment from y-axis X

y

—CL

A

€2

-
Fiber

segrent

Even even you want, you can study it in more details. Sometimes it is coming or often it
is coming the the following program to this moment, our preferential direction was same

than the y axis vertical axis.

But you sometimes preferential direction is an order, we have y axis here, x axis here and
let us imagine the preferential direction is the the direction of our blue arrow, which have
2 y axis some angle alpha. So, we can write the angle psi to y axis is now are the then the
angle psi to preferential distribution. Our earlier equation is now valid to the angle to
preferential distribution to angle psi and our angle psi is another and its valid from this

easier from this very trivial picture that psi is alpha plus psi.
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The PDF derived before is valid for the random variable
(angle) & now: fi(&)= —('—‘ . Because in

]

nC*—(C*=1)cos®E

this is more general case y=a+&, E=y—a. di/dy=1,
it is valid for the PDF g(y) of random varlable W
(the angle to the ;-axis)

gly)dy=7(5)dE, gly)= .f'(a LE/&'T‘I'\
Ql‘ljlzl(—"- 'r||l]—l €
: = ver | BLW)=
' —(C* -1)cos* &
This is more general PDF contains two parameters
¥ drafting value” (measure of preferencey and
-preferential angle (between pref. direction and ,-axis)

xC?*—(C? -1)cos® (y—)

Yes. So, | said our earlier equation is valid Also, but angle psi and towards valid for now
for probability density function. I call it now, as a new symbol, under the new symbol g
psi, it is angle to to y axis now obliged that it through preferential direction. It must be it
must be our own function, but this angle psi using it we obtained final probability density
function g psi, which is given by such expression having 2 parameters, our known
parameters C. If parameters is represents the generally say the intensity of the preference
of this are the things direction and parameter alpha, which is angle between 2 directions

y, y axis direction and preferential direction.
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Examples: Viscose fibers, roller card web,
t...fiber fineness,
al...real measured length of fiber segment
t=13.8dfex gixl t=17 dtex
& =01num

& =0.1om

T T o= T n ¥n

2 3 6 (] 3

[

%} c=184 =197
Mo o =—0.0401rad (-2.3°) o=—-0.0855rad (-4.9")
e




Well it was our theory, now is the question and how it is in the in practice? We analyzed
using thrice the fiber technique for you may be known known experimental method. We
analyze the curves, the of fibers in a fiber vamp, it was research for non woven textiles
and we we take lot of points from this fiber to computed and we reconstruct whole curve
of fiber in computer then we divide our fiber to very small, very short parts. It in this
picture it was 0.1 millimeter and measured or calculate angles of orientation and then we

construct the histogram of this this this distribution.

On this two pictures are in first it is a fiber viscose fibers finite 3.5 and the second one
0.7 decitex and there are this such such histograms obtain experimentally. When we use
our curve and there are if we using some sophistical regression or something. So, two
parameter C and alpha, we obtained parameter C rough 1.84 alpha may be 2.3 degree
minus 2.3 degree and the second case 1.97 and the alpha is minus (( )) 4.5 degree, may
be that is an alpha was the result of the experiment are or our our mistakes definitions of
opposite longitudinal direction is very very small, but you can see that the comparison

bring a good results, good correlation of this experiments and theory, theoretical result.
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The formula of PDF is applicable (empirically only) also for

“long” fiber segments

Example: (Same material  , _; 5 gex
and technology)

Parameter (" increases

with length of fiber

segments ¥ [Picfe

rential

8/ =12, 8mm

used! lirection 0.5
~
1 |

ShOI't’ :rrlr .'1: "r L :: : V.T "i'rrt

segments, =% Tz i = T =
o long C=408
~_sggments o =-00401rad (-2.3")
IBTEL

We applied our equation for long longer fiber segments through in this case it is 12.8
millimeter, in this moment it is it is empirical application because we derive it for very
very short fiber segments. So, is it this (()) distribution, you can see that the result is also
acceptable is also acceptable, but what is interesting the C is quite harder, C is (()) then



for the question is why? Why it is, how it is possible? It was the same structure, we
evaluated the for a longer fiber segments, how it is possible? It is diagrammatically show
this picture. Let us imagine a fiber green fiber on our picture having given given given
shape, in macro in macro trend we can say it is due to vertical direction. In a shorts
segments it has lot of loops and waves and so on and so on. Long fiber segments are the

direction of long fiber segments are shown through yellow arrows here.

You can see that they are near to the longitudinal position, but the short fiber segments,
the set of short fiber segments is straight through a short erect arrows and you can see
that it is not so. Therefore, C for in (( )) web C value for long fiber segments is much
more is much more, something is wrong? The the distribution of red of red arrows is
quite other than the distribution of the yellow arrows. Well, and it is answer why the C is

increasing from refer to the value over for.
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Distribution of non-oriented angles
Non-oriented angle: s~
\'.‘}:|li'|. ‘.:}{<(). Tl/“.'> g(y)=2(-9) { \\%'lllil/:lﬂl-ﬂ
\ - | ~J
® ILis valid: . ,
lg(y)=g(-9) ol
if W 0 |
2. 'g( W)=g(9) Y==9_dy y=3% dy
if Y= 0 rrl. = 1 = {
i e R e ;
Notation: = i [
iu(9)...PDF ds g . s g8 |
G I ok
%} of angle 9 2 a3 0 § —>
[ WPTEL

Sometimes, it is necessary to define probability density function for a non-oriented angle
what | mean? Let us imagine some fiber segment, our angle psi is or to your, from your
side plus 30 degree or minus 30 degree. There are 2 different angle side plus 30 degree
minus 30 degree is not it? But sometimes | want to know, how is the distribution of
angles between fiber and our y axis independent of them if it is on the right hand side or
on your left hand side? So, | need to understand, how it is probability density function of
an angle of an angle theta, which is absolute value of our angle psi.
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The relative frequency of elementary class of non-oriented
angle 9 is the sum of these two relative frequencies

first second

L S O

u(9)ds=g\ -8 Jdo+g\ 8 Jds,

2 u(9)=g(-9)+g(9), 3—:<U, n/:}

Using our model equation, it is vaIi? in this case:
[ g 4
u(d)=— A

R C?—(C*=1)cos? (-9 —-a) mC*—(C?—1)cos*(8—ax)

l i 1 (4

0 —(C* =1)cos’ (94 t) T xc? —(C* <T)ees? (9—ov)

I think you can home more think about his picture, it is also intuitively evident that this
probability density function must be some of two our g functions. One is in angle minus
theta because theta is every time positive, theta is 30. So, for example, 30 degree then
then minus theta is minus 30 degree and the angle of psi minus plus probability density
in plus here. So, that u theta is g minus theta plus g plus theta, which is evident of

intuitively using our equation we obtained the final equation in our model as shown.

Well, so, we that is all for probability density function of orientation of fibers same direct
segment, segments in fiber assembly, but we often we often cut our our fiber assembly or
by preparation, by practice in microscopic microscopic of textile structure, it is real
resection or some imaginary sections by by, when when we use a breaking machine then
the jaw have some some line, which is something like imaginary sections is not it? So,
section is very often, the question is; how is the orientation of fiber the direction of
distribution of fibers? But, only this these fiber sequents, which are cut it, which was cut

it, only this one.
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ORIENTATION OF FIBERS IN SECTIONS
We think about a fibrous prism, full with lot of very short
fiber segments of length &/, A red plane o cuts across this
prism and so intersects some of fiber segments. We are
going to find the orientation of intersected segments,
Chosen segment No, ©:

- lower end A (©) lie on the
sectional plane =

- angle 9 (non-oriented) is
measured to the normal of &

- upper end B (0) lie at
distance 5 =358/cos 3 over 4
the sectional plane

7The upper end B determines ||

the'blue parallel plane o' '

MEPTE

Let us think about his programmed, let us imagine some books like this here full of
fibers, full of fibers. These books have the dimension a, b, ¢ and sectional plan is direct
plan sigma, this one. The fiber portion fiber segment number 1, which is shown here is a
special segment, which have its its end points a, immediately in the cutting plan alpha
then the second thing of such fiber segment is lying in an height h over our our sectional
plan sectional plan sigma, such segment have the lines delta I, the angle theta is here and

then h is delta times casino theta, it is evident for own picture got a same picture is here.

How is it? Now, let us think about a fibers having angle theta only, having angle theta no
other. There are lot of fiber in side of our books, lot of fibers no no all fiber source cut it,
is not it? Some are the fiber having angle theta like fiber number 2 or fiber number 3, we
do not know, they are all over or under our sectional plan. The question is, which of
fibers, how is the probability that fiber having angle theta will be cut it? Well, let us
imagine the parallel plan to our sectional red sectional plan sigma, this blue which is
lying on the distant h from sectional plan.
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Generally: Fiber segment having _ ,y _

an angle 3, is intersected by A

(red) sectional plane &, when f Tl ]
its upper end B (©) lie between o od B Ve A
planes o and o', (E.g., segments °| 7 e

®,© are not intersected.) '9/ {7
Assumption. Fiber segments ! = '

| -

having each given angle 5 are
uniformly distributed in the prism.

Then the portion of iEte:Ti"sected fiber segments inclined at
an angle 9 has the following ratio of volumes:

S - abh h &lcos9

( § p(8)=
NEEED

LTIT(.‘ c c

So, that point b of our fiber number 1, fibers fiber fiber segment I shall say, this is laying
on our blue blue plan sigma dash. And now, how must be the position of fiber segment,
when such segment shall be cut it, evidently the upper point b of such fiber segment must
lay between these two plan, sectional plan, sigma and our blue plan sigma dash. | think
this evident. So, how is the probability of this situation? Using so called geometrical
definition of probability, we can say probability of such section is given by a ratio of 2
volumes, volume between our red and blue plans by total volume of our box of course, if
fiber, if the fibers are hologram distributed in our in our books. Now in the case in which
all the fiber having angle theta are laying near to this this corner only, by hologram
distribution. So, the probability of section of our section of our our our fiber, segment is

a b h by a b c after the arranging, we obtain this this expression.
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N...total number of fiber segments in the prism (very high)

«{31..PDF of 9 (angle to the normal of sectional plane)

u(9)d9 ...relative frequency of segments in the elementary
class interval of the given angle 9

N u(9)d9...number of all segments in elementary class
interval on the given angle 3

N

8l
2 cos 9u( 9)d9... only the num-

“

dn=[Nu(9)ds ] 2(8) =
(&
ber of intersected segments in elementary class interval
of the given angle 5

B=x/2 NG =2
n:J dn="" J cos9 u(9)ds ...number of all
s @ Ol c Y0

%% intersected fibers
ETEL h‘

Well, now let us think about fibers having angle theta, all fibers with all angle theta
together, all fibers in our books are capital n and its number is very high. Just imagine it;
u theta is probability density function of angle theta. So, that u theta, t theta, this u theta t
theta have some logical sense, what is it? Is a really yes, is relative frequency of segment
in the elementary class, interval of the given angle theta is not it? What is it, n times u
theta d theta?

A relative frequency time’s total number, it is number of cases in class knows it from
also from laboratory and so on. So, that n times u theta d theta is numbered of all
segments elementary class interval on the given angle theta and now no all this fibers
was sectioned through our sectional of plan, but also some of them; how is it the number
of a cut it fibers. It is total numbers times probability, is not it? Times probability, this
time this, using our equation (()) is here. It is number of sectioned fiber segments from

the group of fibers having angle theta.

But a total number of a cut a fiber segments is higher because not only our angle theta
exist in our box also are there angles theta are there well. So, what is total number of cut
it fiber segments, it must be integral. May be you know that, the symbol of integral is
from known mathematician, which start it with symbol s, s like latent some sumac and
because the s was similar to other a x y and so on. Then he use longer and longer s
through today’s symbol of integral.



So, integral is sum, that is some type of summation is not it? So, in three must sum our
result over all directions. So, that you have obtained this here than this here, it is number

of all intersected fibers valiantly.
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PDF of fiber orientation in a section... " (%)
1" (9)d9...relative frequency of intersected segments in
the elementary class interval of the given angle 9
(It related to the set of all intersected segments)
Itisvalid
\.\”‘r (] (8 C
i _ oeosSu(3)dS oo59u(9)ds
u(9)ds= P Vol =
e j cos 3 n(9)dy J cos 9 u(9)ds
€ % ]
- . 089 (9 e
i ui(98)= mi) k, = I cos 3 u(9)ds
)f} kn 0
AP TEL

And now probability density fiber, the probability density function of of such fibers, let
us call this probability density function u star theta, u star theta then u star theta d theta is
relative frequency for the intersected segments in the elementary class interval of the
given angle theta. Is not it? Well, (()) u theta u star theta d theta, relative frequency of
such fibers, but in other way we can say the relative frequency is in class. It is a number
of fibers in class or elemental class d n to all fibers to all sectioned fibers n, using
expressions after small arising obtain these equation or calling this then | mean this then

under symbol k n, we obtained this formula.



(Refer Slide Time: 33:06)

F . Botislav Neckd', TU Liberec, Dept of Textlle Techrobgles

ORIENTATION OF FIBERS 19

Logical sense of i, Yi
Fiber element: ~

7 A-A
51...length ol /
5v...perpendicular high : @
9...angle with normal y § &) \
&

of sectional plane

s'...sectional area
s...cross-sectional area A-A
The volume of observed fiber section: 1" = 55/ = 55y

s :‘\'/1 Sy/8l = sfcosd, => s 25 — T

ey — ptim e w . orSu{D)

Mean sectional area: s"= | s* u'(8) d9= | ———
’f} 2 R i The n_foqical sense of f
\ k, 0 k. is given by the equation:

{

k = .5‘/.'\?

IPTEL

In the moment k and its something is some symbol no more, but I want to show you that
this is k and f have some logical sense. Which one, let us imagine a very short fiber
segment lines d I, having a section area s star section in a positive cross section
perpendicular to fiber axis, which is here. And it is s from our earlier lectures here, lines
of this segment is delta |, the height of such segments perpendicular to cutting line is the
delta y, this fiber segment have angle theta. Well, we can write, evidently we can write
the volume of such fiber segment it it can be might, it can be used to equivalent method,
I can say you know it from high school. One is one is cross section area s times lengths
delta I.

The second is sectional area red shaded times a height delta y, both gave, both give the
same result, both here both the expression at from the from this equivalency, we obtained

that s s star this area, s star is this so s by casino theta.

Well, evidently section area is larger than the cross section area in this case. Well, and
now to our symbol, what it the mean sectional area star bar as a symbol for a mean, what
is it now? As each means, the u star times relative frequency means probability density
function time, differential quantity and integral. Using this, you obtain, we obtained this
formula here. After rearranging this one and forth is here this is integral from probability

density function must be equal to 1. So that, it is s by k n resulting equation is that k n is



s by s star bar, it means cross sectional area of fiber by the mean divided by the mean

value of sectional area in our section from all fibers.
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Logical sense of i,
Fiber element:

‘ ' A-A

51...length ol /

5y...perpendicular high f @

9...angle with normal » § & (
5

of sectional plane
s'...sectional area
s...cross-sectional area A-A
The volume of observed fiber section: dI” = 55/ = s"3y

s \/1 Sy /8l |— \/'u.m 8 =825 — =
sprtye i <91(9)
Mean sectlonal area: s'=| s° w(9) do= | -
- U . n
(2 3 ™ ayde=2. The logical sense ofA o s/;
it k., is given by the equation:

So, this is the logical sense of earlier defined k n coefficient. It to be very important for
yarns, now about the applications of our model, it is the equations which we which we
need it. Let us solve the problem, how is the distribution of direction, we have some, let
us imagine, we have some for example, warp black black tin fibers like in our picture
here. We make some section in planar case, the section is ready to section line, this thick
red this thick red line is our section. We defined a y axis perpendicular to to sections. So,
this is this is y axis and purple was x axis of course, exist some preferential directions by
giving by blue arrow. And it is interesting for us to, there are if the probability density
function of the short fiber segments, which are which which are cut it to the sectional

line.

So, the distribution of this green arrows, is not it? But, this position of such green arrows,
which characterized the the directions in sections of short fiber segments, which was set.
Well, how is the strategy of our work? | said sectional plan is reduce now to sectional
line, u theta, we derived it in our model is this here is from earlier, slight u theta u star

theta be there are in this equation where k n is this here.
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Resulting equations:
For the quantity &, it was derived

2CcoRd S VO —1sina+C
k= m‘cmn[\f( ? ~1 cos U:|+ In .
TNC? -1 W -1 | N -1sing-C

For the PDF of intersected segments »~( 9) it was derived

C C
cosd L - I § +—— - -
RC? —(C? —1)cof B +a) TP —(C? -1)cos® (3-a1)
w(9)=

2C coRd — SN NC? = 1sino+C
- arclnn[d(_" —lcos u]+ In
I —1 M -1 | -1gina-C

Note: Especially for isotropic orientation in plan (C—1) it
Was derived k,=2/n, «(8)=cosd

So, on the on the position of u theta here and here, we need to use this here and make this
integration, which is not to not to short, formally now too much easy. And when you
want to check all the way by integration and you can use this this (()) and the result you
such value of k, it is possible to do analytically and to obtain this equation for k n and
then this this equation for probability density function of orientation of fiber sequence in
cutting line. Now, it is that if that k n is by 2 2 by pi, if for for isotropic structure, these

two are valid.
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Example.
Courses of
functions
with
C=19
(simillar
to card web)
Cuting pro-
cess prefers i 9)
directions 1 u(9) INLBI 1w (8) :
neartonor- . —— )
mal of sec- ALy
tianal plane S
:.‘(?H?'e) ] 0 o
AeEh k




This is the graphical interpretation for our last equations, you can see that there are two
different, that there are differences between probability density function of orientation of
fiber segments in whole fiber assembly u theta and u star theta probability density
function of distributional of fibers in cutting line. You can see that the in this four
pictures, it is for alpha equals zero. So, longitudinal we cut our web perpendicular to
longitudinal direction, this is for this is for pi by 6, 30 degree, 60 degree, 90 degree. In
this example, C equal 1.9 was use typical value for for web card (( )), we can see that a
cutting process preference directions need to normal of sectional plan perpendicular to
sectional plan. You can see every time, here it is, increasing u star is increasing, in the
ratio to u and the opposite side by 90 degree is decreasing is going to 0 also here by

alpha equal 30 degree also here as well as here.

Well, now now let us let us speak about a number of fibers in a section, numbers of
fibers. Let us imagine an something like metal plate on which you have a very thin slot,
very long length C and very thin delta x delta delta h that I slot like here.
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NUMBER OF FIBERS IN A SECTION

(planar orientation)

Let us have a slim (red)
slot, perpendicular to y-axis
c...length of slot (long), A
Sh...thickness of slot (small) A - o
N...number of all inter- =

sected fibers (green)
i=1.2.--.N..sequence

number of segment
(7...mass per unit area
p...fiber density
s, = s/cos 8, ...sectional area |
7of i-th segment /
WoAngle of -th segment

So, that you are not see another fiber, you will see only a fiber segment lying in our very
short slot; see, the length of the slot delta a thickness of slot and its number of all
intersected fibers, intersected because | can take use my knife and make this this section
rarely is not it here? And number of all intersection fibers, i is subscribe for fibers, from
1 this green fibers segments from 1 to end, g is mass per unit area known as a area rate in



industry raw fiber density s, s i star is the sectional area after one fiber for example, if i
th fiber is this one or this. Here and it is as by casino of corresponding annual theta i.
How is the mass of i th fiber segment i th fiber segment have it a mass cross section are a
times perpendicular height, its volume times rho mass density, this is the mass per 1

fiber. Mass per fibers in our slot is some of them.
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Mass of i-th fiber segment is :_\-,‘ sh p, total mass in the slim
slotis om=3"" s’ 8hp==5hp3 " s, the area of the slim slot

is c5h and then the mass per unit area of a planar fiber

“ N . [ )
. dm _OhpQ. s '——} TR e
assembly is tizﬂziz V/e p(Zﬁ] s )/\ =vps;

c L%l,i' c oh
where: v...number of sectioned fibers per unit length,
s...mean sectional area of fiber
From the last equation /= o G (r fiber
= (:/( p._\',) = (_-r'/ \'p) \’,/ s . LS T k” finenESS)

Hote: v depends (among others) on the parameter .
) becauie b= ["cosdu(®)dd, 9=yl and w=a+s

So, it is it is delta m which is some of this because delta h as well as rho constant, it is
possible to write it in such form, is not it? The total area of slim slot is C times delta h
and then the mass per unit area of a planar fiber assembly is g, which is mass by area by,
for delta and here this is the expression C times delta h same here, delta h is here as well

as in the denominator.

So, that I can write its black, this black relation, but nevertheless | can multiply and
divide by n total number of fibers in our slot. It is possible, how is the sense of our the
mathematical structures now? What is it n by C, number of our earlier green fibers by c,
it is number of fibers per unit per unit length of our section and our slot, is not it? And
total number by C rho, what is this here? Sum of all fiber sections, divided by number of

fibers.

Now, it is mean value, it is s star bar is not it? Mean value of sectional of sectional plan.
So, that nu number of section fibers per unit plan and s bar star means sectional area of
fiber they are symbols. The nu the nu is g by rho times s star bar nu times rho times s star



bar. So, this from this nu to this here. So, we can divide multiply and divide by s, we

obtained this structures, but t is s times rho, it is from lecture from first lecture.

You know that from our first lecture that t is s time rho; fiber fineness is fiber cross
section specific mass, this is this 1 and s by s star bar it was k n. So, that we can write the
nu number of sectioned fiber per unit lengths is fiber mass per unit area by fiber fineness
times the coefficient k. Then all depends of course, of alpha it means to to the angle in

which we cut in relation to preferential angle, why it is it is commented area?
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© _Intersection method -
Let us derive the integral I g ode= I 2 Gtk do

The variable %, can be rearranged as follows:
2 S(-H etk P2 12
kb= | cos® u(8) dB= | cosIg(=9)dI+ | cosHg(9)dd=
[} 0 0
=y —dd=dyt 0=y dd = dyy
- T 0
== | cos(=yg (y)dy+ | cosyg (Widy=

0 ]
0 r2 %72

= | cosyg (Y )dy+ | cosyrg (y)dy = | cosrg (y)dy
] a2

A~ w2 - N1 L]
s | G . g -

= |:T | cu:e\pgl\phl\p]nlu:— | cnsl]{ | ghpldu}dlp
J § J

-3 -2 -n2

B
e
[-%
g
I

)g_q—i

=
- | Q)
o
N
—
—
=2
I
H = 2=

3 el K‘...parameter)

7 | ":—Hm.\'

The intersection method is one method, which is possible to use for experimental
evaluation of distribution of fiber directions. It it is special method, which based on our

equations and it is possible to do it in laboratory also it is not too easier | must say.
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Two experimental principles:

Proferential Fringe
firection ke

3 INDew
- ‘f—f
\ \

a) Counting of intersections b) Wemhlnq of frlnqe

(Using light beam etc.; (Fringe weight is propor-
applicable for very thin tional to number of sec-
_.layers only — e.g. webs) tioned fibers; fit for thick
{5l layers — e.g. fleeces)

When you want, you can study this way in my lectures. We were not comment it today, |
only want to say, how is the experimental background of this such method, you need to
measure number of of cross sections fibers may be optically or something so. In different
directions in our web, when you know, when you have the set of experimental obtained,
where use for different alpha. You can from this set of experimental, from experimental
data to evaluate u theta probability density function of oriental of directions of our fiber

segments.
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Note: Quite general application of the last equation brings
a numerical difficulties; namely minimum differences of
experimental values of v(« ) evoke a great differences in
resultmg course of PDF g (w . But if our special model of

glyl=gl&+a)is Valld

1

( (Wl=glé+u)=—
%

.'2_( v2

~2

.-l[»—
I
S

—1)cos? (Vl.u ”i —(C*-1)cos" &

.. see slide 10), then solving of this problem will be
reduced to the searching of C and preferential direction
only (using a numerical method of statistical regression).

Algorithm: 1. Chose some direction as "preferential”, 2. Determine the angles « for all
experimental values v, 3. Determine the function on the left-hand side of our ecpauon
(using a numerical integration method). 4. Find the value C which belongs to the
minimum of the residual sum of squares by chosen “preferential” direction. 5. Repeat
4#1e previous points for other "preferential” directions and - by means of a convergent
&l é‘ﬂm

to find the absolite minimum of the sum of residuals. 6. The last cycle will
the (best) "preferential” direction and the (best) values of .

HerEE




It is this here and then it is also an example, which documented correspondence our

model and experimental research from another author is are well.
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@ MECHANICAL BEHAVIOUR

(Easiest example)
Assumptions:

1. Our model of planar fiber orientation is valid
2. Each fiber is straight (no crimped)
3. Each fiber is clamped by both jaws |
of tensile machine (neglect the effect !
of the margins of jawsg
4. Linear force-strain relation, same for each fiber
F, ..fiber force, P...fiber strength

_|(Pla)g, ..., <a

F=1 : g, ... fiber strain,
10.....5,>a a...rupture strain of fiber
5, Small deformations of fibrous layer (without rupture
jokany fiber)

‘6";‘ bers are deformed mutually independently

i

Now, stop of this lecture and in the following lecture, we will continue and where is
how to apply our knowledge about fiber orientation to a mechanical behavior. So, thank

you for your attention.



