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Theoretical Principles of Slub Yarn Profile, Count

and Twist Distribution
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f

The present work proposes the analysis of the basic principles of producing slub

effect yarn as well as presents the slub yamn classification, describes the basic terms of
slub yarp profile, the theoreticai model of nymeric evaluation of slub parameters, yarn

count and twist distribution.
1. Introductipn

Slib yarns have penetrated into many
domdins of textile industry. the
mechanical properties of slub yarns
were analyzed based on mathematical
statistics(11) .

Yuzheng(1) build a mathematical
model to deduct the twist distribution
in the slub yarn which considered a
base for the analysis of the mechanical
properties of slub yarns. Uster
> technologies  has developed a
sophisticated software for the uster
«lester 5 which permit measurement of
slub yarns(2,3) .Also, uster uses certain
terms to describe a slub yarr but the
relationship between the basic terms of
slub yarn paramieters, count and twist
was not mentioned. In this paper the
numeric evaluation of slub yarns and

its relationship with count and twist
distribution is predicted in order to
provide information for the spinner , to
Egyptian textile industry, to create and
develop slub yarn

2. Slub yarn classification

Slub yarn is one of the kinds of
fancy yarns. The geometry of the effect
could be very different , Up to now,
through the available reference sources
it is possible to suggest the criteria
that are significant for the grouping of
agsortment of slub yarns (18 ) as
shown in fig(1)
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. Yarn Type

4

Yarn Structure

Slub Specificatipn
Count and Twist

Method of
manufdcturing

Criteria for grouping-of
assoriment of slub yarns

Uses of yarns

fig(1)

3- The Basic principle of
producing effect types :

In addition of cheaper, oldest methods
"fiber mixing" and the modification of
the mechanical drive of the drafting
system; The computer control of the
drafting rollers using servo motors is
another option which also has the
added benefit of producing the slub
effect types (4), see fig (2).

(i) Slub of same count and same
length:

For the production of equal slub length
and thickness, the duration of overfeed
"the duyration for the increase in speed
of the back and middle roller " and also
the amount of overfeed (%age increase
in speed of back and middle roller" is
kepit constant for all slubs.

(ii) Slub of same ¢ount but Irregular
length :

For the production of different slub
length but same thickness the duration
of overfeed is varied depending on
length of slub required, but the amount
of overfeed is kept constant for all the
slubs.

(iii) Slub of Irregular Count and
Irregular length:

For the production of different slub
length and thickness, the duration of
overfeed is Varied depending on the
length of slub required and the amount
of overfeed is also varied depending on
the thickness of slub. '

(iv) Slub over slub with different
length and thickness:

For the preparation of this type of yarn
il the same duration of overfeed. The
armount of overfeed is varied many
times depending on the different
thickness of slub required.

(v) Multi count yarn:

Each slub in a slub yamm can be
extended to make a multicount yarn.
i.e multicount yarn is a yarn in which
the count of yarn changes at intervals
along its length. The count of yarn
changes within a pattérn repeat, the
yarn twist remains unchanged and the
yarn twist multiplier changes due to
the yarn sections with different count
()

Multi effect is a special kind of effect
produced by synchronized draft and
twist variation with control devices.
Multicounts are produced with a
second servo motor connected to the
front roller (6). Multi count yarn can
also have short slubs in each count and
this type of yarn khown as Multicount
- Multi slub yarp.

Multi Count yarn "are presently in
great demand for denim yarn (7),
pattein repeat consist of 2 to 5 yarn
counts. The lerigth of the yarn sections
in the individual count is between 0.5
to 5 meters.



(vi) Multi twist yarn :

In Multi twist yarn, the yarn count
remains unchanged, but the yarn twist
changes and the yarn twist multiplier
changes. These different twist levels
create variations in the yarns dye
intake, Thus creating 4 special fabric
appeatarice. The twist difference
causes a colour change in the fabric.
Yarn sections with different twist
absorb the colour particles differently
which causes the colour effects.

vii) Combination of Multicount and
Multitwist:

In some-cases both methods are
combined. The yarn count charges
within a pattern repeat, the yarn twist
changes and the yarn twist multiple
also changes as showing in fig (2) b, c,
d

4-The Basic Terms of the slub
yarn profile:

There are several terms used to
describe a slub yarn. These terms are
described (8) as following in order to
give a clear picture of yam
constructionn and how to measure its
parameters, see fig (3) and fig (4).

Idéal Slubs: For the slub making a
trapezoidal shape was selected as it
covers most of the slub shapes.

Referenice Level: It is a line which is
on the level of the base yarn, It's value
defined as a percent (%) between the
base and the top of the trapezoid and is
set aptomatically by the software

Mass Increase: is defined as the mass
increase from the base to the top
trapezoid. Percentage increase  is
equivalent to the mass increases of the
slubs compared to the overall mass of
the yarn.
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Mass Decrease (Left/Right): It oceurs
before and after slub. Also, it can lead
to sever weak placks in the yarn. only
tnass decreases within a distance of
three centimeters on thé right and left
of a slub (ends of trapezoids). It is
counted, when the mass drops below -
30% of the base yarn.

Slub Length: It is measured at half of
the height of the trapezoid.

Slub length bottom is defined
according fig (3). It is measured at the
base line.

Ratio T/B: ratio of top to bottom slub
length. It is given an indication about
steepness of the ramps of a yarn.

T/B<1., IfB=T
ST/B=1

If T is very shorter than B
~T/B=0 ie flat ramp

percentage of slub length: is
equivalent to the percentage of the slub
lengths compared to the overall test

length.

Slub Distance: It is measured at Half
of the trapezoid height length between
the end of a previous slub to the start
of the subsequent slub.

Slub distance bottom is the counter
part to the slub lehgth bottorn. If is
measured at the base line of the yarn.

Percentage of slub distance: It is
equivalent to the percentage of slub
distance compared to the overall test

lehgth,

Count of Sub / Base Yarn: Usually,
the nominal count of a slub yamn
consist of a mean value ofl the overall
mass per pnit length. Also, it is
possible to separate the count of the
slubs from the count of the base yarn
in order tb describe the yarn more
accurately.

Slub Populations: Slub yarns consists
of at least two different sizes in terms
of different mass increases or slub
lengths or combinations of both in one
slib yarn. That means, it can be
designed to have two or more
populations.

5- Structure of Slub Yarns (15, 16):

A simple slub yarn structure is
composed of two points. The base part
and slub part. Fig (5)a indicate the
geometrical parameters of the two
parts. The appedrance of slub yarn is
influenced by: the length and linear
density of edch constituent part.

SLi: is the slub length with linear
density, Nsi (I= 1, 2,3 ...);

Sd;: is the length of the base yarn with
linear density Nbi of the base.
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The repetition pattern indicated by
definition of the slub yarn mechanism
of ZJ-V as follow:

1) Periodic slub yarn: has
periodicity in its parameters
setting, which means there are

e
slub distance based on ranking
+{ patameters.
ii) Rardom proportion slub: is
to choose randomly the
parameters in a particular series

e of data
repetitions of slub length and
setting
Type Circle rule periodicity
Slub léngth Slub distance
*periodic slub SL,,SL,,SL, 8d,,Sd,,Sd; Sd, SL,, Sd; SL,, Sd; ' Yes
SLs
* Random proportion SL,,SL,,SL, 8d,,Sd,,5d, Sd1 or Sd, or Sd; No
Sl SL, br SL, ar SL;
. n n
TL=7 SLi+) Sdi and

6. Numeric Evaluation of slub yarns i=1 i=1
6.1 Detérmination of basic S . ol
BT > SLi=SL, +SL, + uuu..eenSLn

Possible numeric values of slub
yarn are offered for the analysis of
yarns. Referring to  geometrical
parameters of slub yarn, these are :

i. Number of slubs per unit length

Slub per meter =
Absolute number of slubs

overall total length

or

Ns/m=n/TL S— )
Where : overall total length is the sum
of total slub lengths and total slub
distances i.c

i=1

Y'Sdi=5d, +Sd, +.wrerereSdn

i=1

ii. Average slub distance :

Average slub distance =

Total slub distances
Absolute number of slubs

ar
Sdm = ) 'sdi /n
j=1'

iii. Pércentage of slub distances (%)

It is equivalent to total slub distances
comparing with the overall total length
of program
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SLmaic = maximum slub length (cm)

% age of slub distances =
2. Sdi
= 100 ——(4)

Z":Sdi + ) SLi

=1 i=1

where  sdmin <Sdm <Sdmax
5dmin : minimum slub distance [cm]

Sdmax : maximum slub distance [cm)]

iv. Average slub leng*h

A Average slub length =

Total slub lengths
Absolute number of slubs

isiesmeemmenne 5

Percentage of slub length’s :

It is equivalent to total slub lengths
comparing with thé the overall total
length of program .

% age of slub length’s =

Total slub lengths
overall total length

or
| > SLi
% SLy, = f=1 *100-----(6)
n n
DISLi+ ) Sdi
i=1 i=1
where SLyin < Shei < Sy

SLmin = minimum slub lengt(cm)

minimam slub length is about 20 mm
and it depends on: fiber quality, while
max. length depends on yarn choice .

The slub effect lengths are changed
practicaly through a potentiometer and
synchonized ~with ring spinning
machine speed. Also, they are
established by punching at your liking
the film controlled by the electronic
system. In general, it is possible to get
every slub length but not shorter than
the fiber length. On open — end
spinning machines, the minimum slub
length €qual to the circumference of
the rotor fitted on the machipe .

vi. The slub effect size “or slub
thlckness”

The slub size is obtained by adjusting
the charge acceleratioj through a
pneumatic  tegulator, provided with
gradyated scale, placed on the actuator
group. Slub thickness varies between
0.1 to 5 (steps = 0.01)

S}ub ﬂﬂckness is the ratio of the
maximum digmeter (of slub) and the

minimum didmeter of base yarn, see
fig (5)b

Slub Thickness = il T TRy or
Min Diameter

ST=D, /0, cosuein

Mean slub thickness =

_Total slub thickness
Absolute number of slubs

STy =-3'8T/n

Where

S —— )
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SThin : the minimum slub thickness
(mm)

STmax : the maximum slub thickness
(mm)

and  STuih < STy < SToex

vii. Slub per minute or “insertion per
min” :

The optimal speeds are been
determined by the yarn characteristics
and the production of slubed yarn on
the spinning machine is no more left to
mechanical factor but depends only on
the strength and quality of the
processed fibers .

Insertion per min =
slub per meter * front roller speed

ns/min = ns/m * vd et ()|

ns/min < 35 insertion / min for
electromagnetic clutch, and ns = 200
insertion / min for electro-pneumatic
clutch .

6.2 Count of base, slub and final
yain :

Slub yarn is produced from
spinning machine with slub yarn
attachment. As soon the device is put
into action, the draft in the main
drafting zone of the drafting
arrangement in ring frame is cancelled
by accelerating the back and middle
and bottom roller of the draftmg
system so that the under drafted roving
appears as slub in the spun yarn. The
dominal yarn count (N,) is determined
by the roving count (N;) angd spinning
draft (V) .

Several factors influencing the
characteristics and appearance of slub
yarns aré: (Ny) metric count of finial
yarn (m/g), 'l[hc average number of
slubs per meter (ns/m); The ratio of the

maximum to the base diameter (D/d);
The average distance between two
consecutive slubs (sdm), and slub

length (SL) .

Thus, from the slub yarn
parameters: min and max sulb length,
min and max slub distance, min and
max slub thickness and absolute
nuinber of slub (ms), it can be
calculated the different slub yarn

parameters as given in section
(6.1), such as :

Ns/m : number of slub per meter
SLm : average slub length
Sdm : average slub distance and
D/d or ST : slub thickness

Thes¢ parameters are required to
produce slub count, the base count and
the final yarn count as following :

Total number of slub in 100 meter =
number of slub per meter * 100

TSL =100 . ns/m

(10)

Total slub lengths in 100 meter
= Total number of slub in 100 meter *
mean slub length

TSL = 100 ns/m . SLm

(11)

Total slub distance in 100 meter
=100 - Total slub lengths in 100 m
=100 -"Tns/m . SLm

=100~ 100 ns/m . SLm

=100 (I-ns/m , SLm)  ——(12)




T. 66 R. El Bealy, R. Abd El-Khalek and A. Amin

Thus, the metric count of the slub free
yarn is Nf. It is possible to determined
by the following relation :

Final yarn count (Ny)
= Length (m) / weight (g

=1/Q (gram)
=1(Q,+4Q,) —3)
where : Qu: mass of the base yarn
(equalto Nb) ~ worme (i4)

AQy; = the additional amount of roving
required for slub formation .

In practice, to obtain AQm, a certain
yarn length (L') not less than 100
meter is measured, and this known
length is uysed the mass difference
between the slub yarn and a yam of
equal count and length but without any
thickening,

The value of AQy, necessary to obtain
the final count value can be determined

Q. = (mass with slub — mass without
slub) / length considered

Total slub léngth/100m . slub thickness

base count
or

_TSL/100m.* ST
Nb

by substituting from Eq (14) and Eq
(15) in Eq (13), we get final count (Nf)

P—_T

Nf = 100 or
TSd/100m 4 TSL/100ST
Nb Nb
100Nb

Nf= . — ---(16)
TSd/100m + TSL/100m.ST

where Nb : metric count of the base
yarn

from Eq, (16) we can determine the
metric count of the slub free yarn (g/m)

Nb = [TSd +TSL.S lub ThicknesS J Nf
100

= (%TSD+%TSLST) . Nf-(17)

by substituting from eq.(11) and (12)
in Eq (17) we get

Nb = (I + ns/m. S:‘Tnol(n/d ~1))-(18)

Also slub count “Ns”
_ percent tdal slublengths _ o4rs], (19
add.amountof roving  AQ,,
By combijing Eq (15)and (19)
o = ns/m.SL ,, Nb.Nf —e(20)

100 (Nb - Nf)

ns/m.SLm.CR Nf
100(CR -1)

where CR is base count / final count
ratio .

6.3. Twist Distribution in the Slub
Yarn:

From the geometry of yarn (9,
10) as shown in fig (6) and fig (7), the
yarns are assumed to be circular in x-
section, no fiber migration, center fiber
will follow straight path. Density of
backing fibers in the yarn is constant,
yarn is made of a large of number of
fibers .

h : length of yarn in one turn of twist .
¢, L : length of fiber in on turn of twist
1, R : radius of cylinder containing the

helical path of a particular fiber and
yarn
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T : yarn twist "[turns per unit length
0, o : helik angle dt radius r and R
@ : angular rotation about yarn axis

q, z : length along a fiber apd yarh

W 27

Fig(6) iéealized helical geometry

O=2mz/H

q=zsecB

fig( 7) cylinQri?cdl polar coordinates

In any yarh Hag a cylindrical form in
x-szlzction, it can be drive yarn count,
yarn diameter, twist factor, angle of
twist and its relationship as follows:

i (Ntex) yarn count in tex =

e [1R?

1 =10° ((Idy*/4) oy -———-(21)
Ty

Where
Yy (cm’/g) : is the specific volume
of the yarn
oy is the yarn density -
ii. Yarn diameter :
From Eq. (21)
dy =3.569 * 10° (Nt. / ¢. of)"*—(22)

Where ¢ is packing factor which is
affected by twist

yarn density _ oy
Fiber density of

(p:

fiber specific volume
= ; e VX))
yarn specific volume

iii- :I‘ wist factor and helix angle :
tano=Nd/h=2MRT  —u(24)

by combining Eq (24) with Eq (22) we
get

tan o= 0.01121 yy*’Ntex"*. T :---(25)

For two yarns havidg the same
angle of twist, the sarhe material, with
diffetent count or diameter and
combining Eq.(25) with Eq.(24), as
shown in fig(8),hence, T (turns/m)
equal to:

Twist = e/ Vtex

@ tex = Tt Neew)™* = Tz Neew2) ™
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h1 01

Y

mdi

h?

B2

02 |

md2

From this point of view, its clear
that these are a relative between twist
factor and twisting angle, the two
quantitics are directly related in yarns
of the same specific volume so that
yarns of different count but of the same
twist factor will be geometry similar
differing by a dimension less scale
factor and thus .

Ogex = ¥ V Nlex

=T. Tex"’

e (26)

by combining Eq. (25), and Egq.
(26) we get

tan a = 0.01121 yy*a"* —cemeeeeee @7

from the mathematical and
mechanical relations of the stress,
strain and torsion of a subject (11) as
shown in fig (9) the torsion of a subject
is consistent with the following
equation .

Fig(8)
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length of arc (AB) = y L = ra
(28)

wherée

y : shear stress angle
L : length of the bar
r : radius of the bar
a: is the torque angle

Stress(t) .

Shearing modulus (G) = Strain(y) 29)
Shear stress (T) =
Shearing load(Q) — (30)
Area of rod x — seetion(A)
Shearing modulus (G) =
g=1-£ S— )
y Ay
and combining Eq, (28) and (31)
we get
Ga 1
L r i
Also, the rtelation between

torque and shear stress as shown in fig
(9) the torque applied to the circle at
centet M i$ equal toT. 2zrdr,r while
the cylinder.

where
I = polar moment of inertia=nd" /32

by combining Eq. (32) with Eq. (33)
we get

a=ML /GI

For a yarn it can be expressed as

Twist (T)=a/L= M/GI - (35)

Also, it has been proven that the
yarn density “c,” increases with the
twist multiplier, Baralla (12), and oy
affects the shearing modulus “Gy” and
the pglar moment of inertia “Iy” of the

yarn .

Assiming the cross-section of
the yarn with uniformity distributed
fibers is circular, the yarn density on
ceitain cross-section is “oy” and the
fiber density “of’. The filling ratio of

(13 | ]

the yarn “y” is defined as follows :

y= o,/ or (36)

Also, from eq (31), for yarn the
shearing modulus will be

Gy= Q/Ay}/

Where Q is the shearing load on
the ydrn, and Ay areg of yarn cross
section and O is the yarn strain

MRESRE: 0

Assumihg that both the fibers
and pores will be deformed but
acthally all shearing is acted only on
the fibers. If Q is relatively small the
shape of the yarn would not change.
Also, the volume ratio of the fibers
would have the sare strain thus the
sum of shearing load acted on the
fibers is equal to “Q” and all fibers
have the same shearing mpdulus Gf

Gf= Q __Q (38)
Ay  A,Qy

from Eq (38) and Eq (37) we get

Gy= Q Gf IELI—

From the relation represented the
polar moment of inertia and
considering the fibers are uniformly
distributed in the yarn as shown in fig
9 c.

T. 69
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Iy=
[praty.0 =0 [pddy = it

d'y.
7 yQ

S R——T))

From Eq. (40) and Eq. (21) we
get the relationship between oy and I,

Nt?

I. =
¥ 2x10°I1 Qo f

sl

From Eq. (41), Eq. (39) and Eq.
(35) we can get the twist distribution in
the yarn .

2
TNt* =2.10" u(%f) — ()|

For slub yarn, the torque “M” in
any cross section along the yarn axis is
equal and fiber density “of” and

shearing modulus “Gy” are constant so

that

T.N{ = Constant )
That mieans, the twist in any cross
section varies inversely as the square
of linear density (yarn tex) of yarh ,

To investigate the influence of some
parameters of slub yarn on twist
distribution. Testore et. al (13) and
wang et. al (14) indicate that the yarn
dppearance is influencgd by the length
and linear dénsity of two parts: base
and slubs .

Also, Yuzheng et. al (1) prove that the
twist is inversely proportional to the
square of linear density, twists should
be equal as long as having the same
linear density, moreover, the increased
linear density leads to the decreased
tWiSItS !

e TMN
Nts

Ntb Nt
Fig (10) showed the appearance of a regular
slub yarn in a cycle

On the assumption that, the slub
yarn is periodic and acceding to
conservation of twists, in a cycle, the
twist number would determined by the
spinning machine. For ring spun
machine, the design twist is related to
the configuration of the twist gear .

If we consider that :

Td = am . VNmf

or

)

=ns,/vd

where :

nsp : spind¢ speed (r.p.m)

vd : delivery speed (m/min)

am : metric twist multiplier and
Nif': final yarn count metric system
Td : the design twist (t/m)

Tb : is the twist of the base yarn
(turns / meter)

Sdo : is the sum of all basé yarn length
in a cycle or all the s]ub distances

Ntb : is the Jinear density of the base
yarn

n i is the number of slubs with
different linear density

Ntsi (i =1 to n) : is the linear density
of the slub

Tsi (i =1 to n) : is the twist of the slub
with linear density (Ntsi)
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Sli (=1 to 1) : is the sum of the length
of slubs with linear density Ntsi in a
cycle.

And suppose that the transition section
is not present, the relationship
mentioned above cati be expressed as
follows .

Th. Sdo + TS] Sh + TSi- Slz
.......... + Tsp. SLa = ), TiLj
i=0

iTj.Lj = sz..: Lj

j=0 i=0

mseeneeen(45)

Thp. Nt b=TS1 Nt 51—T82 Nt 3 e N -
= Tsn Nt 2sn=Tn Nt’sn

Ti Nt’s=Constant(C)  i=0, ....n
Tj= cmfi
From Eq (45) and Eq (46)

TdiLj

~Ti= ——‘:"—
N si
ZNtI

j=0

e (47)

Becapse Ntb is the smallest in
Nt; (i =0 to n), twist of base i always
larger than design twist (Tb > Td) for
the thickeést slub in yarn with the
largest linear density Ntg, Ts; must be
smaller than design twist (Td), i.e

Tu<Td.

When the slub is not periodic,
along section of the yarn can be
chosen, turning the non periodic slub
yarn into periodic one, and then
relation given by Eq. (47) can be used
to analyze the twist of the chosen
section of the slub yarn .

In order to simplify the analysis,
the regular slub yarmn only with one
slub in its cycle is supposed for

analysis, then the equation (47) can be
rewritten as following :

b — _ Td(Sdo +SL,) -
Nt (Sdo SL, )
Ntb? Ntsll
or
_Td(1 +R) 49
14 /X2
and
Td(Sdo+SL,)
- <en(50)
8 (Sdo SL, SL, ) o0
Ntb*  Nts,”
or
_Td(14R) ey
x? +R
Where I-C = 3o 7
slub length/slub distance

(Nt& J 15 X is the multiplier : or
Ntb

thick ratio between slub and yarn base
Equation (49) indicate that :

ii is a key factor to Th (base yarn
twist),

X affects Tb slightly and Tb increases
significantly with increase of R
.Equation (51) reveals that x is a key
factor to Ts, while g rarely has impact

on Tsy, and the increased X leads to the
significant decrease of Ts; . In

practical production |i reflect the
length of the slub, thus the control of
F'g can avoid Th exceeding the critical
twist while the control of X can adjust
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Ts;, in case that twists of the slub is
too low to make the yarn failure .

To simplify the mathematical relations
for determining the amount of twist for
slub yarn taking into consideration the
following :

Firstly we indicate that the slub yarn
linear density is influenced by length,
density of two parts of yarn “base and
slubs” as well as slub thickness and
number of slub per meter ahd defined
as follow.

Nb = (% Tsd + % Tsl. SLm). Nf -(17)
and
ns/m. SLm. CR. Nf
- 100 (CR-1)
Where:

SLm; % TSL : mean slub length and
% age total slub lengths.

Sd, % Tsd : slub distance and % age of
total slub distances

—(20)

STm, CR : dverage sluib thickness and
Base count to final Count ratio.

Nf : Required final yarn count
Ns: slub count

Secondly, The relation of yarn count
and Twist factor represented by
empirical formula as follow.

o, . =T,/N

tex fex
=T C" turns tex ** — (26)

Thus, The Twist values for slub yarn
can be determined as follow :

Design Twist (Td) = a4 (Nf) ™ -(52)

For Base yarn : by cambining equation
(17) in equation (52) we get.

Base Twist "Th" = &, (Nb)"®

0.5
- ()
Nf

=Td (% l'I‘Sd + % Ts] STm) 05 (53)

For slubs : By combining equation (20)
in Equation (52) we get:

Slub Twist Ts = o (Ns) *5

0.5
=Td(h‘.§}
Nf

_ g ms/mSLm.CR T -
100(CR —1) *

7- Graphical evaluations of slub
yarns:

Based on the numerit data of the slub
yarn, a goftware has been 'developcd in
the present work to :

- Permits the accurate calculation of
slub yarn parameters,
- Giving detailed analysis of the slub
in order to pravide information for
the spinner to create and develop
slub yarn effect, and-
- Offers a wide range of graphical
possibilities to evaluate the yarn
like
(i) The pattern slub yarn
parameters “size of slubs, their
distance and the mass
increase”.

(ii) The frequency distribution
analysis.

(iii) The sequence of the slubs
diagram.

(iv) Original mass diagram
“Original, with slub zoomed
and without slub*

(v) Histogram for slub length, slub
distance and for mass increase.

(vi) The spectrograms “for slub
only, slubs removed and
spectrogram mass”.

(vil) Yarn appearance.
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We have design the graphical user
interface (GUI) to design a fancy yarn
model depending on number of steps
in each step we can control in three
effected variables. These variables dre
yatn base (pausa), Slub Length (SL)
ahd Slub Thickness (ST).

And we have opened up the possibility
for the user to control three variables
anci determine whether these variables
variable or fixed as shown in fig.(11)a:

In the following fig(11)b, a user can
specify thé minimum and maxitum
valtes for the variables and thus have
defined the form of the model of fancy
yarn.

Fig(11)b

According to the user's choice of the
vdlues of vaiiables the program are
determining the yarn fornjing and can
imagine the fipal form of yarn and
determine its owh features and

analysis:

Fig.(11)e illustrates the frequency
distribution of Slub distance, Slub
length and Thickness for designed
fancy ydrn model.

Frequency diitrbation of Siob tence, Siab length and Thicknems

4

I.!IilllDJSB‘I“J&-l!SlﬂﬁSTSSIﬂﬁﬂ'l]’l'll'lllnﬁ

Siob dlstanee

CH

H O W B3 U o0 w1 M2 WU B u
Slub Thick

Fig.(11)e
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Mass diagram:

As shown from the Fig,(11)d, the mass
diagram is tHe basis for all
calculations. In thi§ diagram, the
measurement of the yarn can be
followed over the x-axis. The y-axis
gives the mass increase of the yarn.
The slubs can be analyzed in detail.
When zooming ip, the trapezoids of the
ideal slubs get visible. In order to
andlyze the base yarn without the
slubs, it is possible to remove the slubs
from the diagram

Mure dlagram withsd slups

Fig.(11)d
Sequence diagram:

The puipose of the sequence diagram
Fig.(11)e is to make patterns ih the
sequence of the slub easily vyisible.
This diagram shows the exact sequence
of the slubs separated in slub distance
and slub length. The x-axis shows the
nuniber of the slubs, whereas the y axis
shows the lengths of the slub (orange)
and the distances (blue) bétween the
slubs.

R. El Bealy, R. Abd El-Khalek and A. Amin

X: Slub number

L T T LT T T T RS S.

I
WML

T 9 17 26 33 41 40 &7 85 T3 01 65 07 100 193 121 129 937 948 153 141 948 177 108 183

x

Fig.(11)e
Histogram:

The spectrogram Fig.(11)f is an ideal
tool to check various aspetts of a slub
yarn. With the possibility to separate
the base yarn from the slubs, the base
yarn can be evaluated separately.
Deliberate disturbances on the
spinning machine or tinexpected faults
can be detected separately from the
slubs.

RTINS

1 H"-::I-"L'i".1j‘

Fig.(1)f
8-Experimental work

To verify the theoretical assumption
(sec.6), the experiment was
constructed for production slub yarn
Ne 20 at 5ix levels of design effect and
five lgvels of twist multiplier as shown
in Table (1). In this concern the present
work was planned according to the

standard technique (1)
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Table (1)
Slub parameters
, . Twist Multiplier
Frogram  Sjub distance  Slub length Slub o
e ¢
Code No.  "pause"(cm) (cm) 'Fhiclnnesd -
min  max min  max  min  max 3.4 3.6 3.8 4 42
I 25 269 3 5 2 5 x x x X x
11 46 104 4 6 2.5 5 X x x x x
I 11 133 3 7 2,1 3 x x x x X
v 15 97 3 4 22 38 x x x x x
\'% 6 67 3 7 2 2.5 x x X X x
VI 10 30 8 12 2 2 x x x x x
Ne= 20, Roving count(Ne)=1
Table (1.1) Numeric Evalutioh of slub yarn
Ferc;ntage of
Program . Slub Slub Slub
Progrdm total P N“‘::lb" of Dist. length | Thickness
code No. length Slub dist | Slub lerigth | slubs/meter | (o)) (mean) (mean)
Sd% SL% us per meter h
TL(m) cm cm STm
I 168.2 97.66 2.34 0.589 165.92 3.969 3.84
I 79.9 93.72 6.28 1.240 75.68 5.0 3.76
III 7:":.4 93.51 6.49 1.348 69.4 4.76 2.57
v 58.7 94.58 5.42 1.686 56.0 3.20 2.50
v 34.2 86.53 13.47 2.898 29.9 4.59 2.10
VI 294 67.28 32,71 3.367 20.1 9.62 2.0
Table (1.2) calculated " Twist and count” of " slub and yarn base" at different level
of slub yarn parameters, (Ne 20)
- v Calcplated .
S = = " Chalculated (T/m)
E E § g (Ne)
E Egz 2 base  slub base yarn twist Slub twist
E’i E 5 ‘::,':r:l count  count : .
& z & (Nb)  (Ns) 34 36 38 4 42 34 36 38 4 42
1 2133 213 750 6182 6546 6409 7273 7637 3666 3882 4097 4313 4528
1 2347 2247 840 6484 6866 7247 7629 801 3879 4108 4336 4264 4792
1l 2204 2204 1385 6284 6654 7024 73932 713 4983 5277 5569 5863 6156
IV 20 1 2163 2163 1440 6225 659.1 6957 7323 7689 5079 537.8 5677 597.6 627.5
v 2296 2296 20.64 6144 6791 7169 7546 7923 6081 6439 6798 7155 7513
VI 2654 2254 2628 689.6 7302 7708 8113 8519 6862 7266 7669 8073 8479
Nominal Twist 598.6 6338 6691 7043 7395
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9-Results and Discussion :

The theoretical analysis of slub yarns
are based on the assumption given in
section (6).

For slub yarn Ne 20, the selected
programs shown in Tablé (1), used for
determining numeric evaluation, table
(1.1), calculation of count; twist of
slub yarn is shown in table (1.2).

The obtained data plotted graphically
in fig (12) to fig (16) and several
relationship can be predicted as follow

9.1 Influence of overall length of
effect program :

For any count of slub yarn” ex. Ne 20”
produced on modified ring spinning
mdchine with constant number of slubs
through different programs, it can be
concluded that :

The increase in the total length of
program due to varying the basic terms
of slubs “Length, distance and
thickness” within the rangé between
min. and max. value for each
considering the  technological
litnitations affect significantly on the
effect types.

e Varying gverall total length of the
program “from 294 to 168.2m”
resulted in an increase of slub
distance and slub thickness while
slub length decrcases, as shown in
fig (12.1), Fig (12 2) and fig (12.3).

» The same trend has been observed
for mean slub distance, it varies
from 20 to 165 m, and mean sluby
thickness varies between 2 to 3.84
while mean slub length varies from
9.62 to 3.469 cm, as shown in fig
(13.1).

@ Also, the total % age of slub lengths
decreases from 32.7% to 2.34% see
fig (13.2) and % age of total slub
distances increases from 67% to
98% as shown in fig (13.2)

Finally, These changes causes a
decreasés in slub per meter from 3.37
to 0.589 as shawn in fig (13.3).

9,2 Influence of slubs per meter

Theoretically, as shown in fig
(14.1), Fig (14.2) and fig (14.3), slub
per meter affect significantly on count
of slub and based and consequently
affect on amount of twist inserted
through the two parts of yarn “slub an
base™.

(i) It is clear that, a lower rate of slubs
per meter causes slubs more coarse
than nominal yarn count up to 3
slub / meter, This slub become finer
than nominal yarn count as slubs
per meter exceed 3 slubs / meter.
The general trends shows a
reduction in slub size as slubs per
meter increases. Also, The count of
base yarn become fiher than
nominal count of final yarn.

Also, yarn width ratio influenced by
slubs per meter. Width ratio of
base/slub decreases from 2. 84 to 1
and width ratio of base/ final yarn
increases from 1 to 1.33 as slubs
per meter incréases from 0.58 to
3.37.

(if)  the amount of twist of slub yarn
is affected by varying slubs per
meter, This attnbpted to the
varidtion in ydrn 51ze

The base yarn twist is greater
than the design twist thus ratio of base
twist/design twist varies between
103% and 115% overall variations in
shib per metet.

Alsp, slubs show less twist
than nominal yarn. It is about 61% at
low rate of slubs per meter, while at
about 3 slubs per meter slub twist is
equal to design twist. On the other
hand, at high rate of slubs per meter >
3, slub twist/ design twist reaches
about 115%.
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Fig(12) Effect of varying overall total length of
program on parameters of slub yarn "slub
' distance, slub length, slub thickness"
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Fig(13) Effect of varying total length of
prograin on mean and % of slub length, slub
distance and slubs per meter
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Fiz(14) effect of slub per meter on slub count
.base count ,yarn width ratio and twist ratio

9.3 Influence of average slub
distaqce-, slub length and slub
thickness.

The slub parameters “Length,
distance and  thickness”  affect

significantly on twist (T/m) of slub,
base and the final yarn at different
twist multiplier. Figures (15.1) and
(15.2), indicate the linear relationship
between twist multiplier(ae) and the
calculated twist pex" meter for base yarn
and slub.

o .._._._._l;mg- o
s Drog. 001

900 : |
m=tr==prog. 100
850 {meOme prog. 525 /®
gog === Nominal twist X
:t # J
3 700
650
! 600 A
550 -
500 - : \
3 3.5 4 4.5
Twist multiplier ae
Fig(15.1) Theoretical badse yarn twist at
differept twist multiplier (20Ne)
s Dr0g. 005
900 - == prog. 001
s=tr==prog. 100
800 - “
700 A
' E
(E 600
[ ] ‘
Lz
" 00
400
300 T T )
3 35 4 4.5

Twist multiplier ae

Fig(15.2)Theoretical slub twist at different
twist multiplier (20Ne)
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Also, The base yarn twist is higher
than design twist, while slub twist is
lower than design twist.

i. As the average value of slub
distance increases causes a
reduction on the amount of twist
for base and slub. At two level of
twist, the same trend has been
observed, while the reduction of
slub twist js markedly than those
for base twist, see fig (16.1), with
the incredse of slub distance.

ii. The average value of slub length
affect on base fwist and slub twist
as shown in fig (16.2) and fig
(16.2)b. The calculated twist
incteases as ayerage slub length
increasés. High correlation R2 =
0.91 associated with base yarn,
while lower correlation (0.44 = R2)
obtained for slub twist.

iii.  Also, slub length/ base length ratio
affect on amount of twist for slub and
base yarn, as shown in fig (16.3). At
low ratio up to 0.2, the rate of changes
in base twist is lower than those for
slub twist and the differerices is highly
significant while slub/ base length
ratio from 0.2 to 0.5, the differences is
very small and the twist values for
base and slub are close.

iv.  Slub thickness, as shown in fig (16.4)
affect significantly on slub twist. At
low and high twist multiplier, twist per
meter for slub decreases as slub
thickness increases, while twists for
base yarn slightly decreases and
remain constant .

v.  Ratio of slub/ base count on twist, is
shown in fig (16.5). The base yarn
twist is equal to slub twist at yarn
width ratio equal one. In addition the
base twist is higher than slub twist as
width ratio increases. The difference is
highly significant at high ratio of yarn
width. Alsa the slub twist decreases
gradually as width ratio increases,
while the base twist decreases then
remain constant .

10. Conclusions :

In the present work, the following
conclusions may be drawn ;

10.1 Design of mathematical model
for slub yarn parameters:

Few literature's published about
mathematical model to deluce the
relations between slub parameters and
slub yarn properties (1,17). In the
present work we seek to design a
models or rebuild or modified a
mathematical expressions to describe :

o Relation betweed overall total
length and slubs per meter.

e Relation between slubs per meter
and count of slyb, base and final
yarn as well as twist distribution.

# Relation between slub length, base
and slub thickness and count of
slub, base and final yarn comparing
with nominal yarn . Also, twist
distribution in sections of slub yarn
comparing with the design twist.

The formulac we built up,
utilized to verify the results and give
information about slub pattern help the
spinner for making a quality yarn and
know principles of slub making device
and its features.

10,2 Fundamental parameters that
characterize slub yarn:

(i) For any count of slub yarn produced
onn modified ring spinning machine
with constant number of sjubs through
different programs it can be concluded
that :

o The increase in the total length of
program due to varying the basic
terms of slubs “length, inter slub
distance, thickness” within the
range of min. and max. value for
each considering the technological
limitations afféct significantly on
the effect types .




Mansoura Engineering Journal, (MEJ), Vol. 36, No. 1, March 2011

e Virying overall total length of
program causes an increase of inter
slub distance and slub thickness
while slub length decreases. Also
mean slub distance, mean slub
thickness increases and mean slub
lengths. In addition, percentage of
total slub distance increases and
percentage  of  slub lengths
decreases. Finally, slubs per meter
decreases as total length increase.

ii- Slubs per meter affect significantly
on count of slub, base, final yarn and
twist inserted through the two part
“slub and base” as well as the final
yarn .

* A higher tate of sliibs per meter
shows a reduction in slub size ard
the count of base yarn become
finer than the count of final yarf.

e The base yarn twist/ the design
twist > 100 overall rate of slubs per
meter. While slubs show lower
twist than design twist at lower
slubs per meter and equal values at
highier rate of slubs per meter.

(1ii)Shib yarn parameters "slub length,
inter slub distance and slub thickness"
affect significantly on the calculated
values of twist ditribution of slub yarn

¢ As mean slub length increases
causes a redyction on the amount
of twist for base anc% slub .

e The average slub length affect on
base and slub twist high correlatior
is evident with base yarn, while
low correlation is obtained with
slub twist.

® Slub length/base length ratio affect
on the amount of twist for base
varr and slub. At lower lengths
ratio the rate of increase in base
twist is lower than those for slub
twist and the differences is highly
significant.

T

While at higher ratio of slub length/
base length the difference is very small
and the twist values are ¢lose.

* Slub thickness affect significantly
on shib twist, it decreases as slub
thickness increases. While, the
twist for base yarn slightly
decreases and almost remain
cohstant .
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