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Estimation of Design Parameters
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Design of a coated swimming pool liner

Product Specification given

S.No. | Characteristics Value

1 | Warp tensile strength 98.2 Kg ffem ( minimum)

2 | Wefttensile strength 98.2 Kg f/cm ( minimum
0.27 kg/m? ( Nominal)

3 Weight 0.24 kg/m? ( minimum acceptable)
031 kgm* ( maximum acceptable)

4 |Environment Acidic, Ph=6.0

5 |Structural restriction Nil

6 |Thickness 0.05 cm = 0.5mm

We will discuss the estimation of design parameters. An example is used to understand how to
calculate design parameters when product specifications, particularly performance
specifications, are provided. For example, consider a case where the product specification
includes a warp tensile strength of 98.2 kgf/cm. Additionally, there is a specified minimum

strain requirement.

The weft tensile strength is also specified as 98.2 kgf/cm, indicating that the warp and weft
directions require similar strength, with 98.2 being the minimum acceptable value. Exceeding
this strength is also acceptable. The nominal areal density should be around 0.27 kg/m?, with a
minimum acceptable value of 0.24 kg/m? and a maximum of 0.31 kg/m2, meaning the average
target is 0.27 kg/m2. The environmental condition is acidic, with a pH of 6.0. There are no

restrictions on the type of weave.

The weave type could be plain, twill, or any other construction, as there are no restrictions. The

ends and pick density are also not specified and can be decided based on design needs.



However, the fabric thickness is required to be 0.05 cm or 0.5 mm. These are some of the

fundamental requirements provided for the design.
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Product Specification given
:o i Design variable to be estimated
1 | Warptensle |%8.2Kgf/em (minimum) S.No. - |Variabl
strength 1 | Warpcount v/

2 :eft::sﬂe 98.2Kg ffem (minimum T
7en
Wegt |027: 03k ‘ 3 |V

4 |Environment | Acidi, Ph =60 4 |V
5 (Structural | NI 5 | Yarntenacity v*
restricton A f, bw_

6 |Thickness 0.05¢m=0.5mm

The relevant design parameters or design variables need to be identified, which is represented
in the slide. The variables that need to be identified are warp count, weft count, EPI, PPI and
yarn tenacity. These values must be calculated from the information about the product
specification, represented in the table on the left-hand side. This includes determining the
appropriate design variables and the type of fibre that has to be selected to meet these

requirements.
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Material selection

1. Criterion:
(i) Minimum moisture absorption ,~"
(il) Resistance to acidic environment ~"
(iii) High strength to weight ratio .~

| (cm3/g) (%) (gf/tex) | in wet state(%)
Resistant to cold
Resistanttomost  alkalis,
mineral acids
bl icintegrated by g% Slowlydecomposed 138 04 Le -
Sulphuric acid at a boil by strong
alkalis
Decomposed by strong
(1" LT W mineral acids, resistant  Little or no effect 114 445 7-10 85-90
to weak acids — G =
Very resistant - Very resistant - 09 0 5-7 100
Attacked by hot weak ' =
Resists most acids alkalis and @ 0 15.5 100
concentrated alkalis -
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For material selection, a designer has to consider some of the suitable fibres based on the
minimum information provided. In this case, there is a list of fibres, including polyester, nylon,
olefin, and glass fibres, as well as certain relevant properties. Detailed information about the
fibres has to be gathered, which helps determine which material is suitable for meeting the

requirements.

Polyester is preferred because it is an acidic medium; it must considered how polyester reacts
to acids and alkalis. Polyester is resistant to most mineral acids but can be damaged by
concentrated acids like 96% sulfuric acid. It also resists cold alkalis but gradually decomposes
when exposed to strong alkalis at boiling temperatures. On the other hand, nylon decomposes

when exposed to strong mineral acids but is resistant to weak acids.

With respect to alkalis, olefin fibres, such as polypropylene, exhibit high resistance to both
acids and alkalis. Hence, they are suitable from a damage point of view. Glass fibres are
resistant to most acids but can be attacked by hot, weak alkalis and concentrated alkalis. Their
relevant properties, such as density and moisture regain values, are also provided. Some
tenacity values and relative strength in the wet state are also provided, which are important

since the fabric will be used in a swimming pool environment.

Therefore, it is essential to know that fabric strength does not significantly decline when wet.
Although the fabric will be coated with chemicals for protection, there may still be instances
where water penetrates, and it can then weaken the fibres and fabric, resulting in reduced

tenacity.

Thus, understanding the relative strength in the wet state is important. Based on this
information, the most appropriate fibre has to be selected. The criteria for selecting fibres
should be minimum moisture absorption, resistance to an acidic environment, and a high
strength-to-weight ratio. A high strength-to-weight ratio is particularly important, as it helps
keep the overall weight of the fabric to a minimum. When considering the high strength-to-

weight ratio, glass fibre has a high density of 2.5, making it quite heavy despite its high tenacity.

Therefore, glass fabric is unsuitable for this application and should be discarded. On the other

hand, while olefin fibre has zero moisture regain and maintains its strength when wet, its



tenacity is on the lower side, leading to its exclusion as well. The two viable options are

polyester and nylon, which are good in some respects.

(Refer Slide Time: 07:18)

e
- Theacidic envronment ugget that polvster woud e the fr
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* Plystris cheapertan yln

Considering resistance to the acidic environment, polyester is the best choice, followed by
nylon. While both fibres are suitable, polyester is preferred due to its lower cost compared to

nylon. Therefore, polyester fibre is chosen as the primary material for this application.
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Estimation of yarn tenacity

* Warp strength to be =98.2 Kgf/cm = 249.43 kgf/inch ( given

. Letp gt gffcm = 249.43 keffinch ( given)

. ep,=ends/inch, pp‘=picks/inch

* WPy linear density of warp yamn (tex) ,wf,,= linear density of weft yarn (tex)
* = tenacity of warp yan ( gf/tex)

ep,XWpr“)(lwp\/

1000
*  [n= Translation efficiency of yarn strength to fabric strength. It depends upon, cover factor and fabric weave]

+ Warp tensile strength/inch of fabric: 5w=

' 2493 :%”i:{:’;’—w.......(l) [n = 0.96 assumed]

o
* Similarly for weft tensile strength

i 0.96 X Wfyi X Wfrex X tyy
1000

D

The other parameters that need to be determined are yarn tenacity, yarn count, ends per inch
(EP1), and picks per inch (PPI). The strength is specified in terms of kgf/cm, i.e., 98.2 kgf/cm,
which is equivalent to 249.43 kgf/inch, which is almost 250 kgf/inch. This is the required



strength value given to meet this requirement. The parameters are, ‘e,;’ stands for ends per
inch, and ‘py,;” stands for picks per inch. The term ‘wpy,,’ refers to the linear density of the
warp yarn, while ‘wf;,’ is the linear density of the weft yarn. Similarly, ‘t,,,,” represents the

tenacity of the warp yarn.

To calculate the tensile strength of the fabric, the tensile strength per inch of the fabric in the
warp direction is given by

_ n X epi X WpPgex X twp
1000

Dividing by 1000 converts tensile strength to kg. The factor ‘n’ represents the translation

Sw

efficiency of yarn strength to fabric strength. This value depends upon the cover factor and

fabric weave.

In this case, it is assumed to be 0.96. The value of ‘n’ typically needs to be determined based
on research, literature, or consulting reference books. When parameters are not provided,
assumptions have to be made. While making some assumptions, it should not be completely
arbitrary in nature. It is essential to consult relevant research papers, textbooks, or other sources

to identify values that have been reported by others.

Based on these references, a typical value has to be assumed to make initial estimations of the
parameters. This forms the basis of the first iteration in the design process. In this case, the
translational efficiency of 0.96 is assumed, which is represented in the below equation

0.96 X e,; X WpPex X typ

Sw 1000
Since the strength must be the same in both the warp and weft directions, both equations follow

the same structure.
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* Fabric areal density (GSM)

= (1/1000) [EPM x warp count (tex) x ( 1+ warp crimp) + PPM x weft count( tex) (1+ weft crimp) ]

. W =(:’pm Wl)(w_z(l+r,l]+lpp,,,xwf,“(1+cy)]

L e E@—

- ]

e [u,,,-@w,:w,(l+rx1|+[p,,,»x:m4xw/m<1».-3)] e

— 1000 e 4)

* Assuming warp & weft contributes equally to weight

* 1, Fabric weight =%)[“pi X WPex(1 #'(41?] wramee(B)

* Asafirst approximation assume crimp ¢; & Q= 0
L/, x Fabric weight = i [epi X Wprex]
L aholoddic 1000 SR S E e

394
= 1000 epi X an’xl

0.27%1000x1000 270,000
i X Whtex = e e 34264 = 3‘4_2‘6 (DM (33

We have two equations with three unknown values. There is no way to find the values for these
parameters since there is no sufficient information. The other information that has been
provided is the areal density of the fabric. The areal density of the fabric is written as

1
GSM = 1000 [EPM X warp count(tex) X (1 + warp crimp)

+ PPM X weft count(tex) X (1 + weft crimp)]
This standard equation can be found in many textbooks. By changing the units from ends per
metre to ends per inch, a constant of *‘39.4” appears in the equation due to the conversion factor

between inches and meters. Other than that, the equation remains the same.

The warp and weft are assumed to contribute equally to the fabric's weight. This implies that
the fabric has the same warp and weft densities made from the same yarn. Therefore, half of
the fabric's weight is given by
39.4
1000 [ep:
This is the contribution made by the warp, and it is the same for the weft. This is a balanced

X WDgex (1 + C1)]

fabric in which both the warp and weft count and the ends and pick densities are the same.

Hence, half of the fabric weight is equal to this equation. Another important assumption arises
regarding the crimp value, denoted as ‘C;’. While crimp is always present in any woven fabric,

accurately predicting its value in advance is challenging. Crimp can be measured after the



fabric is produced, allowing us to determine the crimp values for the warp and weft. Initially,

it is assumed that there is no crimp, meaning the crimp is zero on both sides.

Under this assumption, half of the fabric weight is calculated as
39.4

lepi
1000

The first assumption is the translation efficiency, and the second assumption is zero crimp. The

X Wptex]

resultant fabric weight is around 0.27 kg/m?. Converting this to grams and dividing by two

gives the weight contributed by the warp yarns. Hence, the equation can be written as

0.27 x 1000 39.4

From this, it is found that ‘e,; X wp.., = 3426°.

As a result, it ended up with an equation with two unknowns and only one given value.
Theoretically, there could be numerous combinations of ‘e,,;” and ‘wpy.,’ that yield this value

of 3426, but not all combinations possible will be viable because this must also meet other

requirements.
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* Substituting equations (6) & (1)

096 ey x )
2493 =.......(1) -l

€pi X Wppoy = 3426....... ... (6)

0.96 X 3426 @
293 =

1000

_ 2493 x 1000 _

t. = =75, F te
b =006 3a26 0 afftex

P

* Yarntenacity (1, )= 75.8 gf /tex =

———

* Grab strength

*  Grab strength > strip strength by 30-40% ([for dense fabric :cover factor >12]
LS G'rab strength = strip sltrength for'oglen structure .
{*l¢ R is also influenced by inter yarn friction at cross over points.
" _hus grab strength will decrease for weaves with long float ( twill, basket and satin weave)

From the strength equation (1), as mentioned previously, it has been determined that
€pi X WPiex = 3426
By applying this value in equation 1, it becomes

0.96 X 3426 X ty,

2493 =
23 100




From this equation, the tenacity of the warp yarn is determined, which gives a value of 75.8
gf/tex. When converted to denier, this equals 8.425 gf/den. Therefore, it is found that this is the

required tenacity of the yarn in order to achieve a warp strength of 249.3 kgf/inch.

It has been observed that grab strength is typically 30 - 40 % greater than strip strength,
according to some researchers. Generally, grab strength is more than strip strength by 30 - 40%
for a cover factor greater than 12. In contrast, for very open structures, grab strength and strip
strength are nearly equal. Since grab strength is sometimes specified, it is necessary to convert
grab strength to strip strength in order to estimate the parameters accurately. Grab strength is
also influenced by inter yarn friction at crossover points. As a result, grab strength tends to
decrease for weaves with long floats, such as twill, basket, and satin weaves. This information
provides a general understanding of the factors affecting grab strength.
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Estimation of Yarn linear density ( ) and end density(¢,;)
Method A T

*  Fabric minimum thickness(:h,ab = (dwp+dW\ ¢ )&/ flattening of yarn at the intersection]
* € =0.75 for combined coverfactor2 20 Or

= 0.60 for15 2 cover f_actor <20

compressed diamter
= e = (60

-~ original diamter  —

+ [based onyarn minor and major axis data at the interlacement points of polyester filament fabric]

* Fabric thickness required (hyy) =0.5mm < Therefore, 0.5 = (dwp+dwf) x 0.60
—— = ——

pr—

* Assuming using same linear density yarn in both warp and weft ie. [dy,= dyy = dy ]

. 05=(2dy)x 060
Next, the yarn linear density and the ends per inch can be estimated, but these have not yet
been determined. There is a minimum fabric thickness, which is given by the equation,

heap = (dywp + dyp)e

where ‘¢’ is 0.75 for a combined cover factor greater than 20, and 0.60 for a cover factor
between 15 and 20. This equation is suitable for filament yarns, where the twist is very low. It
has been stated that these equations can be utilized to predict the yarn count and end density
for low-twisted filament yarns. The symbol ‘&’ is the ratio of the compressed yarn diameter to

the original yarn diameter, which should equal 0.6 for these yarns.



It is stated that the required fabric thickness is 0.5 mm. Therefore, it can be written as ‘0.5 =
(dwp + dyyy) X 0.6°. Assuming that the yarns have the same linear density and that the same
count of yarn is used for both the warp and weft, the diameter of the warp yarn and the diameter

of the weft yarn are the same, i.e., *d,,, = d, s’ and denoted by common diameter as ‘d,,’.

Hence, the equation can be written as ‘0.5 = 2d,, X 60 and the diameter of the yarn ‘d,,’ is
determined as 0.416 mm. This calculation helps to find the diameter of the yarn based on the
given fabric thickness and the relationship that the fabric thickness is equal to the sum of the
diameters of the warp and weft multiplied by a factor of either 0.6 or 0.75. As a result, an

estimate for the yarn diameter is obtained.

(Refer Slide Time: 22:20)

* From count -diameter relationship of yarn
wd

i 10° @ i

¢ py=prXep—138x06-0828 [p=0.6accordingto classical Pierce formula]
= = e

4Crex

= [ mm = /Cepy X3.921 X 107%em = /Cppr X3.921 X 10~?mm
A il _— -
d

x{mml = 0.0392ywp,,

*  Substituting the value of dy = 0.416mm

s PR

0.416 = 0.0392/Wpgey

(041u)2
“\on32) T —

—

o

3 /') 34264 34264 - 304 11.9

il Whtex T2 - 2.54 -
FS — ge= o —
AN

If the estimate of the diameter of the yarn is known, there is an established relationship between
yarn diameter and yarn count, which is commonly found in standard textbooks. The only
unknown at this point is yarn density. The density of the yarn depends on the fibre packing

arrangement, which can be expressed as ‘p,, = ps X @’ where ‘p,,’ the density of the yarn, ‘p;’

is the fibre density and ‘¢’ represents the packing factor.

The packing factor chosen here is approximately 0.6, which is also a typical packing factor

based on Pierce’s classical formula. The formula for yarn diameter is given as

4Crex
dy = o705 w o
11 X 10° X p,,



From there, it gets simplified to

dy = \[Ctex X 3.921 X 1072mm

This gives the value of ‘d,, = 0.0392 X \/Wpq.y .

Substituting the previously calculated yarn diameter value of ‘d, = 0.416mm’ in this

equation, yarn count can be determined. This calculation gives a yarn count value of
approximately 112.6 tex. With this yarn count value, the ends per inch are calculated as follows
3426.4
e.,. =
WDtex

Pi
Substituting yarn count values in this equation yields a value of around 30 ends per inch or 12

ends per cm. Therefore, the values of both the count of the warp yarn and the ends per

centimetre are estimated.

These estimates are based on certain assumptions, and while they provide a good starting point,
they are initial estimates and not final values. With these initial estimates, one can proceed to
create a fabric sample. The next step is to assess whether the fabric meets the desired
requirements for strength and areal density (g/m?). These parameters must be modified if the
fabric does not meet the requirements. This methodology provides a systematic approach for

initial estimation.

(Refer Slide Time: 25:53)

+ Estimated parameters
- warp count : 113 tex /|
~ Tenacity : 8.4 g/den /
- EPI Or PPI: 30 //[

The estimated parameters are: warp count is approximately 113 tex, the same as the weft count;

yarn tenacity is 8.4 g/den; EPI and PPI are around 30. It is necessary to determine if a yarn with



this exact tex count is available. If a yarn with 113 tex is not commercially available, yarn with
a tex count that is as close as possible to this value has to be chosen. In practical situations, if
the exact yarn count of 113 tex is not available and the closest available options are, for
example, 115 tex, 98 tex, or 100 tex, the adjustments have to be made accordingly. Once the
yarn is chosen, the parameters are recalculated and checked to determine whether the fabric

will still meet the original strength, areal density (g/m?), and thickness requirements.

(Refer Slide Time: 27:29)
Method B.

* The yarns within the fabric assumes elliptical cross section due to contact pressure

* Areaof ellipise =’-4rab [ a=major axis and b= minor axis |

—

¢ According to Sivash etal * over a wide range of twist in PET filament yarn
[ @ee = 0,1150,2300,3450,4600]

D 0308 weft) v 2=03-> 062 fwarp
s o

* The packing coefficient of low twisted yarn within the fabric* : ¢ = 0.8 = 0.9

o YReT: 1. * Siavash A, Ali A. Merati and Ali A Jeddi “ Geometrical parameters of yarn cross section in plain woven fabrics”
TR Vol 38, June 2013 p'26-131
{ 2xtBicture and mechanics ... woven fabrics by Jinlian Hu, Textile Institute,2000]

The alternate method of finding the yarn count is stated. In this method, the yarn within the
fabric is assumed to take on an elliptical cross-sectional shape due to the contact pressures

during weaving. The area of an ellipse is calculated using the formula

= ab

4 a
where ‘a’ is the major axis, and ‘b’ is the minor axis. One important paper which mentions
that the ellipticity, defined as the ratio of the minor axis to the major axis (S), ranges from 0.3

to 0.8 for weft yarns and 0.3 to 0.62 for warp yarns.

In this study, the researchers used filament yarns, twisted them to varying degrees, woven them
with the same ends and picks per inch, cut cross-sections of the fabric, and measured both the
minor and major axes. Based on this information, it is observed that the ellipticity of weft yarns
varies between 0.3 and 0.8, depending on the twist in the weft yarn and the corresponding twist
in the warp yarn. This is due to the interaction between the warp and weft at every interlacement

point, which creates pressure.



Under this pressure, the yarns flatten and take on an elliptical shape. If the yarn maintains a
perfectly round shape within the fabric, the ‘Z’ ratio is 1, indicating no change in shape. This
means the yarn remains circular. The ratio of ‘1’ signifies round yarns, while lower values
indicate that the yarns have become more elliptical in shape. The smaller the ‘g’ ratio value,

the more elliptical the yarns are.

(Refer Slide Time: 30:31)

ratio “bia

Warp ellipticity

. Ref: Siavash A, Ali A. Merati and Ali A Jeddi “ Geometrical parameters of yarn cross section in plain
Q‘oven fabrics” lIFTR Vol 38, June 2013 p'26-131

So, this is the range in which the ‘Z’ values lie, representing the ellipticity ratios presented by

the same authors. It is shown for both warp and weft directions. The vertical chimneys represent
the ellipticity of the warp and weft. The ellipticity of weft yarns can go as high as 0.8, while

the maximum ellipticity of warp yarns reaches up to 0.6.

This indicates that the weft yarns become more deformed in this example than the warp yarns.
This is because warp yarns are always under more stress and tension, which reduces their

potential for deformation, making the weft yarns more likely to flatten.



(Refer Slide Time: 31:38)

* Yarn density: Choosing ¢ O.BQ %: 0% :ﬁj
Py =ppX9=138%085=117 g/cm’ =
5 sl s

+  Assume same linear density varn in both warp and weft . h o {

The compressed yarn diameter within fabric = b ( minor axis) 2/ jf b )

+ Fabric thickness required (Ryoy)=0.5mm, hyqy varies between : 2b to S‘b_ " g ' " L ;
¢ letusassumethat heg = 2.5 Xb_ = Foa ’ l o

~05=25b sb= 2: =0.2mm = 0.02cm

* Based on the definition yarn count expressed in Tex

¢ R X 10X py =Cp ie THX3DXI°X1IT=Cyp E
B
© b* x2756 X105 =

tex

* Cpop = b* X 2756 X 10° = 0.02% X 2.756 X 10° =

7 —_—

{ a 34264 _ 34264 _ O
N £ Wpex 110 o

To determine the yarn density value from the data provided by the previous authors by taking
the minor and major axis values of the filament yarns from their cross-sectional measurements,
the packing density of the yarn within the fabric was found to vary between 0.8-0.9. This range
is based on the data they have suggested. The packing coefficient (¢) values vary between 0.8
and 0.9. The maximum value, 0.9, represents a closed-pack geometry of circular fibres, while

0.8 is the typical value.

It is important to remember that these values are within the fabric. Within the fabric, the yarns
are tightly locked into position and subjected to pressure, resulting in a highly compact
structure. This high packing coefficient is observed specifically for filament yarns. For spun
yarns, the packing coefficient cannot reach 0.8; it will be much lower. In this case, the value is

chosen as 0.85. using this packing coefficient, the yarn density can be calculated as ‘p, =

1.38 x 0.85” which gives a value of 1.17g/cm?.

Given this yarn density, the compressed yarn diameter within the fabric corresponds to the
minor axis ‘b’ in the diagram, which represents the compressed yarn diameter. The compressed
yarn diameter is key in determining the overall fabric thickness. Given that the fabric thickness

is 0.5 mm and the relationship ‘h;,’ varies between ‘2b° and ‘3b’, “2.5b’ is chosen for this

case.

Here, the deformed shape of the yarn is taken into account, where the minor axis of the ellipse

‘b’ is treated as the yarn diameter. From this, the value of ‘b’ is calculated, which comes out



to be 0.2 mm or 0.02 cm. Based on the definition of yarn count expressed in tex, the formula
for the elliptical cross-section of the yarn within the fabric is used. Since the yarn is deformed

into an ellipse, the yarn count in tex can be written as

n 5
Crex = Zab x 10~ X p,,

In this case, it is chosen that ‘a = 3b’ because the ratio ‘%’ for very low twisted yarns is

typically 0.33, meaning the major axis ‘a’ is three times the minor axis ‘b’ indicating
significant deformation. Looking at the ellipticity values, it is observed that when the yarn twist
is at its lowest or zero, the yarn undergoes maximum deformation. Therefore a’ is replaced by
‘3b’. In this case, because a swimming pool liner is formed from filament yarn, which is hardly

twisted or has no twist. With such a lower twist, yarn deformation takes place.

With this calculation, the relationship becomes

Ciox = b? X 2.756 x 10°
From this, the tex value of the yarn comes out to be approximately 110 tex. Given this yarn
count, the yarn ends per inch is calculated to be 31. When comparing this result to a previous
method, the yarn count, tex value, and ends per inch are very close. This shows that regardless
of which method is followed, it ends up with a yarn count that is quite similar. This holds true

for fabrics made from filament yarns, particularly those with low-twisted filament yarns.

In such cases, significant deformation occurs within the fabric, especially in the fabrics that are
to be coated. After the fabric is produced, it is coated to enhance protection from sunlight
exposure, abrasion, and other environmental factors. There are several reasons for applying a
coating to fabric surfaces. For coating the fabric surface, the fabric surface has to be very
smooth. The irregularities or unevenness on the fabric surface are not suitable for coating.

To achieve a smooth surface while maintaining a stable construction, low-twisted filament
yarns combined with a plain weave structure are suitable. Because low-twisted yarns deform
easily, allowing the fabric surface to become smoother. The thickness of the fabric will also be
relatively low because both the warp and weft yarns undergo compression and spread out
within the fabric. This spreading reduces the inter-yarn distances, minimizing visible gaps

between the yarns as they take on an elliptical shape. Both warp and weft yarns adopt this



deformation. This is why low-twisted filament yarns are typically preferred in such

applications.

(Refer Slide Time: 39:23)
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1 Yacount (tex) 113 104
2 Yamtenacity (g/den) 84 84
3 Endsfinch Or Picks /inch 30 3

Yarnsavailable(den):220/50,/ 1000 2/ 1100/192, T 1300192

Yams avalble te): 244/, & MR, W49
This comparison shows that ‘Method A’ provides certain values, while ‘Method B’ yields
closely matching results. Suppose these yarns are available denier wise in an inventory, as
shown in the slide. For example, a yarn with a tex count of 111 is in close agreement with the
calculated values. These yarns can be selected based on their tex count. It is essential to
determine the corresponding tenacity of the yarns because this selected yarn must meet the
minimum tenacity requirement of at least 8.4. If the tenacity exceeds 8.4, that is acceptable, but

yarns whose tenacity is less than 8.4 cannot be chosen.
(Refer Slide Time: 40:39)

Weave selection

* Plain weave

Reasons:

* |t gives the firmest structure due to maximum number of interlacing.
* Itis easy to manufacture

* Choice of other weave structure depends upon requirement of
— Tear strength
— Bending and shear rigidity
- Permeability
— Abrasion resistance

O



Another important factor to consider is the selection of the weave. As mentioned, plain weave
is typically chosen because it provides the firmest structure due to the maximum number of
interlacements between warp and weft yarns. This makes it well-suited for applications where
a stable, compact fabric is required. Additionally, plain weave is relatively easy to manufacture.
The choice of alternative weaves, such as twill or satin, would depend on specific requirements

such as tear strength, bending and shear rigidity, permeability, or abrasion resistance.

Different fabric constructions will result in varying properties, such as tear strength, bending,
and shear rigidity, even when using the same yarn. Altering the weave design, whether
switching from plain to twill or twill to satin or exploring other weave types like basket weave,
directly impacts these characteristics. Choosing plain weave to basket weave or plain weave to
twill depends on the specific performance requirements for tear strength, bending rigidity,

permeability, and abrasion resistance.

(Refer Slide Time: 42:32)
Example 2

+ Estimate design parameters of a fabric to be made from rotor spun yam

* Specification:
- areal density = 252 g /m?
- thickness=  0.60mm
~ Warp end density = twice of weft yarn density
~ Warp yarn count (tex) = 60% of weft yarn count (tex)

We previously discussed estimating design parameters for technical fabrics, and here, another
example is considered for estimating design parameters for a fabric made from rotor-spun
yarns. In this case, the yarn type rotor-spun has already been specified, so the designer does not
need to make a decision regarding the yarn type, whether ring-spun, combed, or rotor-spun

yarns.

The specifications that need to be met are the technical requirements. These specifications are

as follows: The areal density should be 252 g/m?, which is the fabric weight. Another key



specification is the thickness, which must be 0.6 mm. Additionally, the warp end density should

be twice the weft yarn density or vice versa. If the warp density is ‘x’, the weft yarn density
should be ’2—6 The warp yarn count should also be 60% of the weft yarn count. These are the

given specifications to estimate the various design parameters so that the weaver can use them

to produce the fabric.

(Refer Slide Time: 44:17)

Let
* Weft count (tex) = C;

* Hence, warp count (tex) C; = 0.6 X C, [ Given: Warp yar count = 60% of weft yarn
count

* Weft yarn diameter = d,
* warp yarn diameter = d;

. dy“ Clex
o h_ G _ [086 o
dz-ﬁ- = =0.6 = 0.774

;;d‘ =0.774d, ......(1)
Let the weft yarn count be ‘C,’. Therefore, the warp yarn count is 60% of that, which is

represented as ‘C; = 0.6 X C,’. Similarly, the diameter of weft yarn and warp yarn are ‘d,’

and ‘d;’. The diameter and yarn count are unknown here. We know that the yarn diameter is
dy a /Crex
. . . . dq, - .
where the count is expressed in tex units. Then, the ratio of ‘d—l’ is proportional to % where
2 2

‘C, =0.6 XCy.

Therefore, the ratio becomes

d; (066,
d2 B CZ

As aresult, the warp yarn diameter ‘d, = 0.774 X d,’. Thus, the warp yarn diameter is about

0.77 times the weft yarn diameter.
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* Minimum Fabric thickness (Tyi) = (d; +dy) = (0.7746d, + d,) = 1.774,

* Maximum Fabric thickness (Tq) = (d; +d;) +d;
= (Z X 0774()(13 + dg) = ZSSdz

: : _ 774255)d
* Letus first assume a mid value of thickness: Ty e 2.16d,

Trqp = 0.6mm ( given)
+ Hence,0.6 = 2.16d,

iy = e 0.277mm......(2)

The fabric thickness has been specified, and it must meet this requirement. According to some
textbooks, fabric thickness can range between a minimum (7},,;,,) and a maximum (7,4, ) Value.
The minimum thickness is given by ‘T,,;, = d; + d,’. Substituting ‘d; = 0.774 X d’, it
results in ‘Tp,, = 0.774 d, + d,’. Hence, the minimum fabric thickness is approximately
equal to ‘1.774 X d,’. The maximum fabric thickness ‘Ty,4, " is given by

Tnax = (dq +dz) +dy
substituting the value of ‘d,” The maximum fabric thickness is ‘Ty,,, = 2 X 0.774d, + d,’

which is equal to ‘2.55 d,’.

So, the minimum and maximum fabric thicknesses are directly related to the diameters of the
warp and weft yarns. This means the fabric thickness will lie between 1.774d,’ to ‘2.55d,’.
To proceed, a mid-value of the thickness is assumed as a starting point since the exact degree
of compression or the final thickness of the yarns after the fabric is woven is not known. After
weaving, the yarns undergo compression and typically take on an elliptical shape, influencing

the final fabric thickness.

As the upper and lower limits of fabric thickness are known, an initial estimation of the actual
thickness lies between these two limits. By taking the mid-point, the estimated fabric thickness
is given by

f= 2




which is equal to ‘2.16 d,’. Given that the fabric thickness is 0.6 mm, the value of ‘d,’ will
be 0.277 mm. Thus, the diameter of the weft yarn ‘d,’ should be approximately 0.277 mm to

meet the fabric thickness requirement.

(Refer Slide Time: 48:18)
Count -diameter relationship of yarn

”2
TyXIOSXpy=Ctex

* Py = pp X yarn porosity(p)

ACtox
v dy= o
Y\ mx105%py

* Yarn porosity(¢ ) within fabric ranges between [depending upon whether it is
highly bulked yarn or low twisted multifilament yarn.

py = py X yarn porosity(p ) = 150 X 0.6 =0.90  [p=0.6 being rotor yarn]

;’%‘)ﬁmwtuml mechanics of fibres , yarns and fabrics, |W$ Hearle, P Grossbergand Backer S, Wiley- Inter science,
08 332)

To translate the yarn diameter into the count (tex), we use the typical relationship found in
textbooks, which relates the diameter ‘d,’ of the yarn to its count ‘Ce.,’ in tex units. The

formula is given by

2

nd 5
Ctex=Tx10 X py

and yarn density is ‘p, = ps X ¢ . The diameter of the yarn can be expressed as

d — 4'Ctex
Y T x 105 X p,,

Yarn porosity within the fabric ranges between 0.55 to 0.75.

This value can typically be found in research articles or literature, depending on the fibre type
and fabric structure. If no relevant information is available from literature sources, conducting
in-house experiments or research to determine these values may be necessary. Yarn porosity
typically varies within the fabric, ranging from 0.55 to 0.75. the yarn density will be 1.50 g/cm?®
if cotton fibre is used. In this case, a typical value of 0.6 has been chosen for the porosity of

the rotor yarn. Hence, the density of the yarn is given by ‘p,, = 1.50 X 0.6” which gives the

value of 0.90 g/cm?®.
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40, (y -
o mm= il B
mx10°Xpy py \mx10

= \J‘(T X 3568 x 1073 m = \/—L; X376 X 10 2mm
v il

| 0277
o o ==t =273 [4=0277)
LY 376x107=  376x107« .

(=13=5329~530 ad  (=06x5=

S

With the assumption of yarn porosity as 0.6, the yarn density is calculated, and to calculate the
diameter of the weft yarn, the formula relating to the yarn count can be written as

4C,
m x 10° X p,

d, =

Substituting all the values in this equation gives

dz = Cz X 376 X 10_2

From here, the value of \/C_z is found to be 7.3. Hence, the value of ‘C,’ is the square of 7.3,
which gives a yarn count of 53.29 tex, which is approximately equal to 53 tex. Since the warp
count ‘C,” is defined as 60% of “C,’, the value of ‘C,” will be close to 32 tex. This approach

effectively provides the count values needed for both yarns based on certain assumptions.
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¢+ Assumption 1:
~ zero crimp fabric and
— weight contribution by warp and weft yarns are same.

Areal density of fabric= 252 g/m? (given).

* Weight contribution by warp yarns in 1m? fabric = J6g

(" :
X—=
mXos 126

1000x126

— =1371/m =

o« oy (weft density) =

~ 1y (warp density) = 7

* (*Ref: Structural mechanics of fibres , yarns and fabrics, WS Hearle, P Grossberg and Backer S,
[/Qxiley- Inter science, 1969,P 332)

The assumption is not arbitrary; it is based on specific research articles. From there, the yarn
count, as well as appropriate ends per inch and picks per inch, has to be determined. The first
assumption made is that the fabric has zero crimp, meaning no crimp in the threads. While this
is not feasible in practice, start with this assumption as a baseline for the analysis. The weight
contribution of the warp and weft will be equal, assuming the yarn counts are the same. Given

that the areal density of the fabric is 252 g/m2. Hence, the weight contribution of warp yarn

Cy
1000

will be 126 g. Therefore, ‘n, X = 126’. From there, the weft density and warp density are

calculated and found to be 24/cm and 39/cm.

(Refer Slide Time: 53:26)

* Assumption2:
— 6 % crimp (c;) on both warp and weft and

- weight contribution by warp and weft yarns are same

i L = ity=
s L G, (1 + 100)] [ weft count =C,tex, weft end density=n,

« 126000 = [n, x 53(1 + 0.06)]

126000
53x1.06

an:

=2242.7/m =22/cm

—e

* Following same procedure

= 12600 _ 2914.6/m = 37/cm

. =
32x1.06 LA

n

FoN



The next assumption is a 6% crimp, which is typical for cotton fabrics. Crimp in both warp and
weft can vary significantly, and it is challenging to predict the exact value in advance. However,
based on numerous published articles and the available data, a typical crimp value of 6% for
both the warp and weft has been estimated. In this case, the weight contribution of the warp
and weft remains the same. These are the two assumptions, and based on these, the equation

can be expressed as

1
gzm[nsz2(1+%)]

where ‘c,’ represents the crimp value and “C,’ is the tex value of the yarn. Using this equation,
the value of ‘n,’ can be determined, which comes out to be 22 yarns per centimetre. The same

procedure is used to calculate the value of ‘n,’ which results in 37 yarns per centimetre.

(Refer Slide Time: 55:07)

Fracti | Diameter |Thread Density | Linear density
Thickness | Weight | onal (mm) (per cm) (Tex)
No. | Fabric | (mm) | (g/m?) | cover | Warp | Weft | Warp | Weft | Warp | Weft

Actual* |Cotton | 059 252 | 098 | 021 (029 | 44 | 23 |30(OE) | 49(OE)

Initial —
@ o [0 | )| @ | 2 | 8
\—/

Estimates S e

6% crimp c}‘\ \| A~
{ bothwarp 0214 | 0277 @ (22 R 53

and weft

Estimated values are quite close to actual values
Since crimp is difficult to know in advance assumption has to be made

-/'-

-?*)Ref: Vinay Midha's Ph. D thesis

With these two assumptions, if we proceed further, it is observed that the actual values are
provided in the first row of the table. For the cotton fabric, the thickness, weight, fractional
cover, and diameters of the warp and weft are all given. The thread densities (warp and weft)
and the linear densities of both yarns (warp and weft) are also stated. These are the actual values
used in the construction of this fabric.

The calculations we made based on the two assumptions of no crimp and 6% crimp provide
the corresponding values for thread density and linear density, which are required for fabric
production. We obtained 53, 32, 24, and 39 for the no crimp assumption, where the thread

densities for warp and weft are 39 and 24. When we compare these values to the actual ones,



the actual thread density values are 44 and 23, and the calculated values are very close.
Similarly, the actual values for linear densities are 30 and 49, and the calculated values are 32

and 53, again showing close alignment.

If the 6% crimp assumption is applied, some values change. The linear density values remain
the same, but the thread density changes from 23 to 22 (previously calculated as 24) and 39 to
37. Comparing these to the actual values of 44 for one and 23 for the other, it is found that our
calculated values of 37 and 22 are reasonably close to the actual ones. This demonstrates that
using a procedure like this, based on certain assumptions, allows us to arrive at values that are

relatively or quite close, though not exact, to the actual measurements.

So, for every designer, based on these estimates, the next step is to produce and test the fabric,
much like creating a prototype. The process starts with a prototype, where you create the fabric
based on your initial estimates and then check if it meets the required specifications. If it does
not meet the requirements, relative adjustments are made to the parameters. Some parameters
will need to be increased, while others may need to be decreased to ensure the fabric meets the
required specifications. These initial estimates are just a starting point, not the final values. A
similar approach can be followed for other cases, but we must recognize that specific

challenges exist, such as the difficulty of accurately estimating crimp.

Based on extensive data collection, a designer can only estimate that a certain typical crimp
value can be obtained when using a particular loom with a specific type of yarn. Therefore,
designers need to have a comprehensive data bank to make informed and careful choices about
parameters rather than selecting them arbitrarily. Thank you.



