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Abstract:

The maximum weavability limit is predicted by extending Peirce's geometrical model for non-plain weaves for

circular and racetrack cross-sections by soft computing. This information is helpful to weavers in that attempts to

weave impossible constructions can be avoided, thus saving time and money. It also helps in anticipating

difficulties in weaving and in taking the necessary steps in warp preparation. The relationship between the cover

factors in the warp and weft directions is demonstrated for circular and racetrack cross-sections for plain, twill,

basket and satin weave. Non-plain weave fabric affords further flexibility for increasing fabric mass and fabric

cover. As such, they enlarge the scope of the fabric designer.
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Introduction

In Part 1, all of the structural possibilities for plain weave only
were discussed. Jammed structures and fabrics in which the
crimp in one direction is zero (or maximum crimp in one
direction with zero crimp in the cross-thread) was the limiting
structure. In order to be able to visualise beyond these
conditions, for example to increase mass and fabric cover
beyond those possible in plain weave, one has to consider
non-plain weave jammed structures, which extend the range
of plain weave jammed structures beyond their limit.

The first study of fabric structural design was started in 1937
by Peirce [1], which led to Peirce’s model of plain-weave fabrics
with a circular yarn cross-section. He also proposed a fabric
model with an elliptical yarn cross-section. In 1958, Kemp
proposed a racetrack model [2]. Hearle and Amirbayat
proposed lenticular geometry for the calculation of fabric
mechanics by the energy method in 1988 [3]. Many studies
related to fabric mechanical properties on the basis of the
fabric structural model were carried out by Grosberg [4], Backer
[5], and Postle [6]. Lindberg [7] extensively studied fabric
mechanical behaviour related to tailorability. Subsequently, a
sophisticated measurement system of fabric mechanical
properties was developed by Kawabata and Niwa [8], which is
called the KES-FB system. Another fabric mechanical
measurement system called FAST was developed by CSIRO
in Australia [9]. Recently new objective measurement systems
[10] such as the Virtual Image Display System (VIDS) and the
Fabric Surface Analysis System (FabricEye®) have been
developed for the analysis of fabric geometrical properties. On
the other hand, there are currently many CAD systems [11]
related to fabric design such as weave construction, colour
and pattern. There is also a pattern design CAD [12,13]
including a visual wearing system (VWS) for garment
designers. However, there is no fabric structural design system
related to the decision on fabric density according to fibre
materials, yarn linear density and weave pattern. Therefore, a
database system which can easily calculate warp and weft
densities according to the various yarn counts, weave
constructions and materials is required through the analysis
of a design plan for nylon and polyester fabrics [14,15].

The maximum number of ends and picks per unit length that
can be woven with a given yarn and weave defines the
weavability limit. Most of the work in this area has been done
using empirical relationships [16, 17].  The geometrical model
for plain weave is very useful in predicting this limit for a given
warp and weft yarn diameter (tex) using jammed conditions.
The maximum weavability limit is predicted by extending
Peirce’s geometrical model for non-plain weaves for circular
and racetrack cross-sections by soft computing. This
information is helpful to weavers in in that attempts to weave
impossible constructions can be avoided, thus saving time
and money. It also helps in anticipating difficulties in weaving
and in taking the necessary steps in warp preparations. Soft
computing enables the fabric designer to widen the scope of
selecting fabric parameters for innovations. Maximum
weavability is affected by the yarn diameters and the weave.
The yarn diameter is affected by several factors such as fibre
type, blend composition and spinning technology. Therefore,
the correct estimation of yarn diameter is critical for predicting
weavability. Similarly, non-plain weaves need to be represented
by suitable numerals to facilitate soft computing. This is done
by using the weave factor concept.

Methodology

Estimation of yarn diameter

Two important geometrical parameters are needed for
calculating weavability in general. These are yarn diameter
and weave factor. Yarn diameter in terms of linear density in tex
for a general case is given as:

[1]

where:
d = yarn diameter (cm) ,
T = yarn linear density (tex, i.e. g/km),
ρ

f
 = fibre density (g/cm3) ,

ρ
y
 = yarn density (g/cm3),

φ = yarn packing coefficient.

This equation for yarn diameter is applicable for any yarn type
and fibre type. The packing factor depends on fibre variables
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such as fibre crimp, length, tex and cross-section shape. For
blended yarns, the average fibre density is given by the
following equation

[2]

where:
ρ = average fibre density,
p

i
 = weight fraction of the ith component,

p
fi
 = fibre density of the ith component and,

n = number of components of the blend.

Estimation of Weave Factor

This is a number that accounts for the number of
interlacements of warp and weft in a given repeat. It is equal to
the average float and is expressed as:

                                                                                                                       [3]

where:
E - the number of threads/repeat,
I - number of intersections/repeat of the cross-thread.

Table 1 gives the value of warp and weft weave factors for
some standard weaves.

Table 1. Weave factor for standard weaves

The average thread spacing,

[6]

where, ß = d
2
/d

1
.

Similarly, by interchanging suffix 1 and 2, we get

[7]

For a jammed fabric, the following equation is valid:

This equation can easily be transformed in terms of warp and
weft cover factor (K1 and K2):

[8]

Relationship between fabric parameters for circular cross-
section yarns for different weaves

The effect of weave on jammed structures was examined using
the above equations for plain, twill, basket and satin weave. M,
the weave factor value (average float length) for these weaves,
is 1, 1.5, 2 and 2.5 respectively, for the discussion which follows.
The flowchart of the algorithm used to determine the
relationship between various parameters is shown in
Figure 2.

Figure 3 shows the relationship between p
1avg

/D and p
2avg

/D. It
can be seen that with an  increase in float length, the sensitivity

∑=
n

fi

i

p

p

1

1

ρ

I

E
M =

Weave E1 I1 E2 I2 M1 M2 

1/1 Plain 2 2 2 2 1 1 

2/1 Twill 3 2 3 2 1.5 1.5 

2/2 Warp rib 2 2 4 2 1 2 

2/2 Weft rib 4 2 2 2 2 1 

E
1
 and E

2
 are the threads/repeat in the warp/weft direction, I

1

and I
2
 are the intersections for the weft and warp threads.

Example:

Plain weave is represented as               ;
E

1
 the number of ends/repeat is equal to 1+1=2, and I

2
 the

number of intersections/repeat of warp yarn =1+ number of
changes from up to down (vice versa) =1+1=2.

In some weaves, the number of intersections of each thread in
the weave repeat is not equal. In such cases, the weave factor
is obtained by:

[4]

Results and discussion

Equation for a jammed structure with a circular cross-
section in terms of weave factor

The weave factor is useful in translating the effect of weave on
fabric properties. For circular cross-section yarns, the general
equation for jammed cloth is desired.

Thread spacing Pt1 for a non-plain weave per repeat is shown
in Figure 1 and is given as:

[5]
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Figure 1. Configuration of a jammed structure for a 3/1
weave (cross-section along warp)
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of the curve decreases in general. Also, the range of p
1
/D and

p
2
/D values is reduced. This means that a weave with a longer

float length decreases the flexibility for making structures.

for with a racetrack cross-section along the weft direction of
the fabric.

Here,

Thread spacing P
t1
 for a non-plain weave per repeat is given

as:

[9]

Similarly, [10]
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Figure 2. Flowchart for jammed structures to determine thread
spacing and cover factor in circular cross-section yarns
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Figure 4 shows the relationship between the warp and weft
cover factor for a circular cross-section. It is interesting to note
that the behaviour is similar for different weaves. However,
with the increase in float, the curve shifts towards higher values
for the weft cover factor. It should be noted that the behaviour
shown in this figure is for virtual fabrics. In real fabrics, a
jammed structure is unlikely to retain a circular cross-section.

Equation for a jammed structure for a racetrack cross-

section in terms of weave factor

In jammed fabrics, the yarn cross-section cannot remain
circular. It is easy to modify the geometry for a circular cross-
section by considering a race track cross-section. Figure 5
shows the configuration of a jammed structure for 1/3 weave
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Figure  5. Configuration of a jammed structure for 3/1 weave
(cross-section along the warp)
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Where p
1
 and p

2
 are horizontal spacing between the semi-

circular threads in the intersection zone. Here, a and b are the
major and minor diameters of the racetrack cross-section.

The average thread spacing,

[11]

Similarly,

[12]

As such, the analysis of circular thread geometry can be applied
for the intersection zone of the racetrack cross-section,

[13]

Total warp crimp in the fabric is given by:

p
1
 and p

2
 can be calculated from the jamming considerations

of circular thread geometry using:

It should be remembered that p/B corresponds to the semi-
circular region of the racetrack cross-section and is similar to
p/D for a circular cross-section. As such, the values of the p/D

ratio from Figure 3 can be used for p/B:

This equation can be simplified to the following usable forms:

It is assumed that  e
1
 = e

2
 = e, where e=b/a.

The above equation can easily be transformed in terms of
warp and weft cover factor:

[14]

Relationship between fabric parameters in the racetrack
cross-section

The flowchart of the algorithm used to determine thread
spacing and cover factor in a jammed racetrack cross-section
is shown in Figure 6. The relationship between fabric
parameters such as p2 and p1, p1 and c2 for the racetrack
cross-section in the jammed condition was studied. Figure 7
shows that the behaviour between this pair of parameters is
similar to that for the circular cross-section, but it shifts towards
higher values of thread spacing. This figure shows the
behaviour of real fabrics.

Figure 8 shows the relationship between warp and weft cover
factors for different weaves. As discussed above, in real fabrics,
the weaves show distinct differences between them unlike
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what was observed with a circular cross-section. An increase
in float length decreases the scope of cover factors. From these
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equations, crimp and fabric cover can be evaluated using the
above two equations along with:

[15]

Conclusion

The power of soft computing has been further demonstrated
for non-plain weave fabrics. It is possible to predict the
maximum threads per cm of a yarn spun from any fibre and the
fabric made from any weave. The relationship between the
cover factors in the warp and weft directions was demonstrated
for circular and racetrack cross-sections for plain, twill, basket
and satin weave fabrics. Non-plain weave fabric affords further
flexibility for increasing fabric mass and fabric cover. As such,
they enlarge the scope of the fabric designer.
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