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ABSTRACT - REZUMAT

Thermal comfort properties of cotton/spandex single jersey knitted fabric

Knitted fabrics are characterized by comfort compared to woven fabrics due to their high extensibility and air
permeability, but they have lower dimensional stability after repeated washing especially single jersey knitted fabric
(SJKF). Therefore, the spandex (Lycra) core-spun yarns are used to maintain the dimensions of knitted fabrics during
use and after repeated stresses. In this study, nine elastic SUKF samples were produced at three levels of loop length
and spandex percent using yarn linear density 30/1 Ne. For comparison, three 100% coftton knitted samples were
produced with the same levels of loop length and yarn count. The dimensional and thermal comfort properties of the
long-stretch samples were compared with the short-stretch cotton knitted fabric. The thermal comfort properties (thermal
conductivity, resistance, absorptivity, and water vapour permeability), air permeability, and dimensional properties were
measured and compared to 100% cotton samples. The results showed that the stitch density, fabric density, fabric
thickness, and thermal resistance increased, whereas the air, water vapour permeability, and spirality angle decreased
in cotton/spandex samples.
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Proprietatile de confort termic ale tricoturilor glat din bumbac/spandex

Tricoturile prezintd propritati de confort comparabile cu cele ale tesaturilor, datoritd extensibilitatii ridicate si permea-
bilitétii la aer, dar au stabilitate dimensionald mai micd dupa spélarea repetata, in special tricotul glat (SJKF). Prin
urmare, firele filate cu miez de spandex (Lycra) sunt utilizate pentru a mentine dimensiunile tricoturilor in timpul utiliz&rii
si dupé solicitéri repetate. In acest studiu, au fost realizate noué probe elastice SJKF si trei probe 100% bumbac tricotate
la trei niveluri de lungime bucla si procent de spandex, folosind densitatea liniara a firului de 30/1 Ne. Pentru comparatie,
au fost realizate trei probe tricotate din 100% bumbac cu aceleasi niveluri de lungime a buclei si densitate liniara.
Proprietéatile de confort dimensional si termic ale probelor cu intindere ridicatd au fost comparate cu tricotul din bumbac
cu intindere redusa. Proprietéatile de confort termic (conductivitatea termica, rezistenta termica, capacitatea de absorbtie
si permeabilitatea la vapori de apd), permeabilitatea la aer si proprietétile dimensionale au fost masurate si comparate
cu probe din 100% bumbac. Rezultatele au arétat cd desimea ochiurilor, grosimea materialului textil si rezistenta termica
au crescut, in timp ce permeabilitatea la aer si la vapori de apd, precum si unghiul de spirald au scazut in probele din
bumbac/spandex.

Cuvinte-cheie: proprietati de confort termic, spandex, tricoturi elastice, fire filate cu miez, unghi de spirala, grosime

INTRODUCTION

Single jersey knitted fabrics (SJKF) are used for
under- and outer-wear compared to woven fabrics
because of their high extensibility (compression and
elongation of individual stitch). If these fabrics were
produced from 100% cotton yarns, they don’t have
the ability to recover the stitch rearrangement [1]. To
enhance the recovery and dimensional stability of
knitted fabric, the spandex yarns are incorporated
with cotton yarns in weft circular machine. Spandex is
used as a core in the core spun yarns with natural
and synthetic fibres or additional yarn (full and half
plated) in circular knitting machines. Spandex

properties. Thermal comfort is one of the most impor-
tant parameter of clothing comfort. Thermal comfort
is defined as a state of satisfaction with the thermal
conditions of the environment. Most of studies
focused only on either dry or wet state [2—4]. The
thermal comfort properties depend on the tempera-
ture difference between environment and skin, yarns
structure and material, fabric thickness, porosity,
areal density, number of fabric layers, trapped air,
and fabric structure [5].

There are many researchers investigated the effect
of spandex on the dimensional and mechanical prop-
erties of different knitted fabric structures. The dimen-
sional and physical properties of cotton/spandex sin-

improves the dimensional stability, body fit of weft
knitted fabric and freedom of body movements but it
also has a negative effect on other important proper-
ties such as air permeability and thermal comfort
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gle jersey fabrics were investigated and the results
were compared with fabrics knitted from cotton alone
[6]. The effect of extension increase percent of bare
Lycra yarns during loop formation on the geometrical,
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physical and mechanical properties of plain jersey
fabrics was investigated [1]. Half-plated, full-plated,
and 100% cotton plain and rib knitted fabric struc-
tures were investigated for physical, dimensional,
geometrical, and some comfort properties and com-
pared to each other [7]. The relations between Lycra
consumption and fabric dimensional and elastic
behaviour were studied [8]. The influences of raw
material, yarn count, pattern and elastomeric yarn
ratio on the performance and physical properties of
the plain, pique, double-pique, and fleecy patterned
knitted fabrics were found out [9]. The dimensional
and physical properties of cotton/elastane single jer-
sey fabrics were measured and compared to 100%
cotton knitted fabric [10]. Comfort properties such as
stretch, recovery, air permeability, and wicking of
SJKF of three different fibre contents (cotton/span-
dex, rayon/spandex, and polyester/spandex) were
compared [11]. The effects of spandex brand, tight-
ness factor of the base, and spandex yarn on the
dimensional and physical properties of cotton/span-
dex single jersey fabrics were investigated [12]. The
physical, dimensional, and mechanical properties of
back plaited cotton/spandex SJKF were measured
and compared to 100% cotton fabric [13]. Dimensional
characteristics of core-spun cotton/spandex and cot-
ton samples were studied [14]. The dimensional
properties of single jersey fabric produced from
Polyester/Lycra air-covered yarns with different loop
lengths were tested [15]. The effect of spandex yarn
input tension, yarn loop length, and spandex yarn lin-
ear density on the elastic properties of stretchable
knitted fabrics were studied [16].

Based on the previous research [1, 7-16], spandex
has a significant effect on the dimensional, physical,
and mechanical properties of knitted fabrics. The fab-
ric thickness, stitch density, and weight per unit area
increased whereas the air permeability and spirality
angle decreased. There is a limited research that
studied the effect of spandex on thermal properties.
The properties of the weft knitted fabrics with differ-
ent structures (single jersey, rib 1x1, and full cardi-
gan) produced from core and dual core-spun yarns at
different levels of loop length were compared [17].
Results showed that the yarn type had a significant
effect on fabric recovery, elasticity, and shrinkage.
However, it had a nonsignificant effects on drapabili-
ty, thermal resistivity, and air permeability. So, more
research is required in this point.

The proposed research aims to investigate the effect
of spandex rate on the dimensional and thermal com-
fort properties of SUKF and compare it with the prop-
erties of 100% cotton fabric without spandex.

EXPERIMENTAL
Materials

Nine elastic SJKF samples were produced on
VIGNONI SJ-B at three levels of loop length and
spandex percent with yarn count 30/1 Ne. For com-
parison, three 100% cotton fabric samples were pro-
duced at the same yarn count and levels of loop
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length. Circular knitting machine and samples speci-
fications are listed in tables 1 and 2 respectively. All
fabric samples were treated according to elastic knit-
ted fabric finishing recipe. After finishing, all samples
were washed three consecutive washing cycles at
40°C in laboratory washing machine.

Table 1
MACHINE SPECIFICATIONS
Machine No. of | Diameter
Type Model feeders | (inch) Gauge
Single jersey | VIGNONI
(Circular) |  SJ-B 51 7 24
Table 2
SAMPLES’ PRODUCTION SETTINGS
100% Cotton/Lycra core
Lycra percent % |cotton spun yarn
0 5.5 6 6.5
2.7 v v v v
Loop length 29 v v v v
level (mm)
3.1 v v v v
Methods

Fabric thickness was measured according to ASTM
D1777. The spirality angle is measured as the angle
between the wale line and the line parallel to the
machine running direction [6, 18]. The fabric bulk
density is calculated by equation 1 [19]:

« (ka) - W
Bulk density [mS) t A1)

where W is fabric weight per unit area (g/m2) and t —
fabric thickness (mm).

Thermal conductivity, resistance, and absorptivity were
measured using Alambeta tester [20, 21] according
to ISO 8301.

Relative water vapour permeability was tested by
Permetest according to 1ISO 11092. Air permeability
was measured according to ASTM D737. The statis-
tical multivariate analysis of variance (MANOVA) was
performed for the experimental results using SPSS
program.

RESULTS AND DISCUSSION
Fabric thickness

Figure 1 shows the effect of loop length on the fabric
thickness of cotton/spandex and 100% cotton plain
knitted fabric at three level of spandex percent (6.5,
6, and 5.5%). The thickness of cotton/spandex sam-
ple is higher than 100% cotton samples by 61% at
2.7 loop length. The fabric thickness is equal to twice
of yarn diameter for jamming condition (f = 2*d where
t is fabric thickness, d — yarn diameter, wale spacing
= 4*d and course spacing = 2V3*d) as shown in
figure 2,a. So we can interpret that because the
spandex leads to stitch overlapping [1] which increases
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Loop length, mm

Loop length, mm

Fig. 1. Effect of loop length on the fabric thickness

b

Fig. 2. Theoretical geometry of single jersey loop
structure: a — jamming condition; b — stitch
overlapping, d is yarn diameter and ¢ < 2v3

the fabric thickness, as shown in figure 2,b (course
spacing < 2V3*d). There is a slight effect of loop
length on the fabric thickness and there isn’t obvious
effect of spandex percent (from 5.5 to 6.5%).
Therefore, the increase of fabric thickness may lead
to increase of thermal resistance.

Stitch density

The stitch density per unit area was calculated by
multiplying the course per unit length by the wales
per unit length. Figure 3 shows the effect of loop
length on stitch density of cotton/spandex and 100%
cotton samples.

Fig. 3. Effect of loop length on the stitch density

In general, the stitch density decreases with increas-
ing the loop length. The stitch density of elastic fabric
is higher than 100% cotton fabric by 96% at loop
length 2.7 mm because Lycra leads to convergence of
wales and courses, so the fabric becomes more tight.

Thermal conductivity

The thermal conductivity of elastic knitted fabric is
higher than 100% cotton by 17% and 36% at loop
length 2.7, 3.1 mm respectively and went up when
the spandex percent decreased from 6.5 to 5.5%, as
shown in figure 4. This may due to the increase of
stitch density and fabric density which means that the
amount of fibres increased and the rate of heat trans-
fer by conduction increased as well. The statistical
analysis proved that the spandex percent and loop
length had a significant effect on the thermal conduc-
tivity (table 3).
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Loop length, mm

Fig. 4. Effect of loop length on the thermal conductivity

Thermal resistance

The thermal resistance of elastic plain knitted fabric
increased by 47% compared to 100% cotton fabric
although the cotton fabric density is lower than the
elastic fabric, as shown in figure 5. So, the pores size
and its distribution play an important rule to entrap air
inside the fabric. The thermal resistance increases
with fabric thickness increasing according to the
equation 2 [22].

t
R=(L] 2
Y (2)
where R is thermal resistance (K-m2-W-1), A — ther-

mal conductivity (W-m~1-K=1), and t — fabric thick-
ness (m).



Loop length, mm

Fig. 5. Effect of loop length on the thermal resistance

So, the elastic fabric has the ability to maintain the
body temperature if it is used as winter clothing. The
statistical analysis showed that the spandex percent
and loop length had an insignificant effect on the
thermal resistance.

Thermal absorptivity

Thermal absorptivity is the objective measurement of
warm cool feeling of the fabric. Fabrics with a lower
thermal absorptivity value have warm feeling and
vice-versa [23]. The thermal absorptivity increases
with increasing the thermal conductivity and fabric
density according to the following equation [21].

b=(Apc)'? @)

where b is thermal absorptivity (W-S12-m=2-K-1),
A — thermal conductivity (W-m~1-K=1), p — fabric den-
sity (kg/m3), ¢ — specific heat capacity (J-kg=1-K~].

Therefore, the thermal absorptivity of elastic fabric is
more than 100% cotton by 29% and 53% at the loop
length 2.7 and 3.1 mm respectively and gives a cool
feeling at first touch, as shown in figure 6. The span-
dex percent had a significant effect and loop length
had an insignificant effect on the thermal absorptivity.
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Fig. 6. Effect of loop length on the thermal absorptivity

Water vapour permeability

Figure 7 shows the relative water vapour permeabili-
ty (RWVP) of elastic and 100% cotton SJKF at three
levels of loop length and spandex percent. The
RWVP of elastic fabric is less than 100% cotton fab-
ric because the bulk density of 100% cotton is less
than the elastic fabric. Therefore the 100% cotton
fabric contain a large size of pores that can permit the
water vapour transfer by convection. So, the elastic
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Fig. 7. Effect of loop length on the relative water vapour
permeability

SJKF gives a discomfort feeling because it fails to
transfer the water vapour compared to 100% cotton
fabric and water vapour may convert to sweat. The
RWVP slightly went up when the spandex percent
increased. The spandex percent, rather than the loop
length, had a significant effect on the RWVP.

Air permeability

Figure 8 displays the effect of loop length on the air
permeability of SIKF at three levels of the spandex
percent and loop length. In general, the air perme-
ability increased by the increasing of loop length and
the air permeability of elastic fabric is less than 100%
cotton fabric by 94%. This is due to increasing of
stitch density as shown in figure 3 and the elastic fab-
ric becomes much tight. The statistical analysis
showed that the loop length had a significant effect
whereas the spandex percent had a nonsignificant
effect on the air permeability.

Loop length, mm

Fig. 8. Effect of loop length on the air permeability

Spirality angle
Spirality is the most common fabric defect that affects
the single jersey knit
wear fabric and it is the
angle (0) between the
wale line and a line
perpendicular to the
course line [18] as
shown in figure 9. So,
the spirality angle
depends on the wales
spacing and using of
cotton/spandex core sun
yarn in SUKF decreases

Fig. 9. Spirality angle (0)

2021. vol. 72. no. 3



Loop length, mm

Fig. 10. Effect of loop length on the spirality angle

Table 3
THE RESULTS OF VARIANCE ANALYSIS (P VALUE
AT CONFIDENCE INTERVAL 95%)
P value, P value,
Dependent Independent Independent
property variable (spandex variable
percent) (loop length)
Thermal conductivity 0.000 0.003
Thermal absorptivity 0.000 0.313
Thermal resistance 0.261 0.805
Air permeability 0.705 0.000
Water vapour 0.009 0528
permeability
Fabric thickness 0.025 0.616
Spirality angle 0.000 0.000

the wales spacing and then decreases the spirality
angle. Therefore, the spirality angle of elastic knitted
fabrics are higher than 100% cotton fabric as shown

The statistical analysis of the experimental results by
variance analysis using SPSS software are listed in
table 3.

CONCLUSIONS

The dimensional and thermal comfort properties of

cotton/spandex plain knitted fabric are investigated

and compared to the properties of 100% cotton with-
out spandex. The experimental results proposed that:

» The thickness, stitch density, and density of elastic

knitted fabric are higher than 100% cotton fabric.

The thermal conductivity and resistance of cotton/

spandex samples increased by 17 and 47%

respectively compared to 100% cotton fabric. So,

the elastic fabric has ability to maintain the body
temperature and it will be perfect in winter clothing.

» The thermal absorptivity of elastic fabric is more
than 100% cotton by 29% and 53% at the loop
length 2.7 and 3.1 mm respectively, which could
give a cool feeling at first touch.

* The RWVP of elastic fabric is less than 100% cot-
ton fabric that might give a discomfort feeling
because it failed to transfer the water vapour out of
the body to the fabric surface.

* The air permeability of elastic knitted fabric
decreased by 94% and the spirality angle
decreased 49% compared to 100% cotton fabric.

So, the use of spandex has two different effects, it

enhances the dimensional stability, but also affects

other important properties such as the RWVP, ther-
mal absorptivity, and air permeability.
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