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Abstract

ing the weft knitting method. Specifically, the research problem is to address how to improve

This Studying , we attempt to enhance the comfort properties of bed sheet fabrics produced us-

various properties of bed sheet fabrics through the weft knitting process, and determine the

optimal structural weft knitting pattern suitable for bed sheet production. Objectives Study the produc-
tion of bed sheet fabrics using weft knitting for properties such as weight, thickness, bursting strength,
air permeability, water vapor permeability, pilling, and anti-static electricity resistance. Evaluate the
distinctive properties provided by knitted fabrics, such as softness and elasticity. Achieve optimal per-
formance of bed sheets through improved comfort, functional performance, and use efficiency proper-
ties. Assumptions the research assumes that: Weft knitting will enhance the comfort properties of bed
sheet fabrics, particularly in terms of air permeability and water vapor permeability. Weft knitting will
improve functional performance requirements like structural integrity, fabric thickness, and fabric
weight. Weft knitting will enhance use efficiency properties including pilling resistance, bursting
strength, and anti-static electricity resistance. Material and Production Parameters Material: 30/1 E
Cotton, Production Method: Circular weft knitting, Knitted Structure Options: Single jersey, rib 1x1,
derby rib, interlock, Machine Gauge: 20 needles/inch. Research Methodology Analytical experimental
approach involving: Conducting tests to measure various fabric properties. Statistical analysis of test
results. Graphical presentation of findings. Key Results Weight and Thickness: Derby rib exhibited
the highest weight and thickness, followed by rib, interlock, and jersey. Bursting Resistance: Interlock
demonstrated the highest bursting resistance, followed by derby rib, rib, and jersey. Air Permeability:
Jersey showed the highest air permeability, followed by interlock, rib, and derby rib. Water Vapor
Permeability: Derby rib showed the highest water vapor permeability, followed by rib, jersey, and in-
terlock. Pilling: Jersey, rib, and interlock performed equally well in pilling resistance, while derby rib

showed lower performance. Anti-Static Electricity Resistance: Interlock demonstrated; properties.

Introduction

A typical individual spends approximately one-
third of their life in sleeping. Sleep is critically im-
portant in our lives, akin to eating, drinking, and
breathing. It is an essential factor in maintaining
robust mental and physical health, as well as
providing the necessary energy for increased activi-
ty during the day. Additionally, sleep plays a cru-
cial role in bolstering the body's ability to combat
diseases by enhancing the immune system's defen-
sive response. [1].

During sleep, bed sheets are among the items in
closest contact with the human body. They act as a
transitional layer between the mattress and other
bedding, such as blankets or quilts, and are used to
cover and sleep on mattresses. [2]

Therefore, the bed sheets should ensure the per-
son's comfort during their sleep time reflected in his
health, performance, and production. [3]

- Sleep is essential for maintaining mental and
physical health, as well as daily productivity. Bed
sheets, being in close contact with the body, play a
crucial role in ensuring comfort during sleep.

Research Problem

- To what extent can the different properties of
bed sheet fabrics be improved by using the
weft knitting method in their production?

- What is the best structural weft knitting suita-
ble for the production of bed sheet fabrics?

Objectives

- To study the production of bed sheet fabrics
using the weft knitting method.
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- Evaluate the characteristics of weft-knitted
fabrics such as air permeability, thermal con-
ductivity, moisture absorption, softness, and
elasticity.

- Identify the optimal performance of bed sheets
produced by weft knitting.

Research Hypotheses

- The use of the weft knitting method in the
production of bed sheets will contribute to:

o Improving the comfort properties of bed
sheet fabrics, including moisture absorp-
tion, air permeability, and water vapor
permeability.

o Enhancing the functional performance re-
quirements of bed sheet fabrics in terms of
thickness and weight.

o Boosting the use efficiency properties of
bed sheet fabrics, such as resistance to pill-
ing, bursting, and static electricity.

Research Limits
Material: - 30/1 E Cotton.

Production Method: Circular weft knitting.

Knitted Structures
e Single jersey
e Rib 1x1
e Derby rib

e Interlock
Gauge Machine: 20 needles per inch.
Methodology: Analytical and experimental

Procedures

- Produce bed sheet fabrics using specified ma-
terials and knitting methods.

- Analyze and compare the performance of dif-
ferent knitted structures.

Bed linen includes a wide range of classifica-
tions and sections, especially when it comes to the
fabrics used in bed covers, as can be seen in Figure
1.

bed linen
set
1 1 1 1 1
bed sheet pillow deuvet other
cases covers

Figure 1: bed linen classification

Bed sheets are an essential component in the
production of sheet fabrics, where a variety of raw

materials are used to meet the diverse needs of con-
sumers. As shown in Figure 2, these raw materials
include cotton, linen, silk, and synthetic blends.
Each material offers unique properties that make it
suitable for different applications. This classifica-
tion of bed sheet fabrics emphasizes the importance
of choosing the right material to achieve the desired
balance between comfort, durability and aesthetics.

| sillk ||po|yester|| linen

|b|ended| | other |

| cotton

Figure 2: the most common raw materials in bed
sheets

Market size of bed sheet

The global bed sheet market reflects the grow-
ing demand for these diverse materials. In 2022, the
market size was valued at $1.4 billion and is pro-
jected to grow at a compound annual growth rate
(CAGR) of 6.4% from 2023 to 2031, reaching $2.2
billion by the end of 2031. To determine the size of
the bed sheet market specifically, we examine its
share within the total bedding market. As shown in
Figure 3, bed sheets rank second, accounting for
22% of the market, following pillows. This signifi-
cant share highlights the essential role of bed sheets
in the broader bedding market and their importance
to consumers seeking quality and comfort. [4]

= Shess

u BedCovers
= Plliows

= BedLinens
» Blankes

= Manress

Figure 3: bedding market segment market share ,by
product type 2020 [5]

Increased customer demand for convenience and
comfort, along with better living standards driven
by rising disposable incomes, are key drivers boost-
ing the expansion of the fitted bed sheet sector. Ad-
ditionally, the growth of the hotel and tourism sec-
tors further fuels this demand. According to fore-
casts in the global bed linen market, cotton is ex-
pected to dominate as the top material for bed lin-
ens. Regarding sizes, double bed sheets are antici-
pated to be the most widespread, while floral pat-
terns are likely to acquire a large market share. Res-
idential use is expected to maintain an increasing
market share in the near future, with a growing
trend toward online distribution channels. The Asia-
Pacific region is projected to dominate the global
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market during the forecast period, as illustrated in
Figure 4.

Global Fitted Bedsheet Market

Market Valve (2022]: USS 1.4 Bn

Accounted for major market
2022

Asia Pacifie: Expected to
lobal market

The COVID-19 pandemic has further amplified
the demand for household essentials, including mat-
tresses, bed sheets, and bed linens, particularly
larger ones. With people spending more time at
home due to illness or lockdown measures, there
has been an increased focus on comfort, especially
in bedding. Reports from sleep research in the Unit-
ed States indicate that uncomfortable sleep due to
the wrong temperature increased by 30%, uncom-
fortable pillows by 19%, and uncomfortable bed
sheets and mattresses by 14%, along with issues
related to noise and other factors. These insights
underscore the heightened importance of quality
bed linens in ensuring comfort during extended pe-
riods at home. [6]

Knitted fabrics, which are often used in bed
sheets, are made up of a series of loops created
from one or more yarns that are interlocked, with
each row of loops catching into the previous row.
Unlike woven cloth, the threads in knitted fabrics
do not follow a straight path but rather a meander-
ing pattern. When exposed to external stress, these
loops quickly stretch in multiple directions, provid-
ing more flexibility than woven materials. Knitted
cloth can stretch up to 500%, making it an excellent
choice for fitted sheets that need to conform to var-
ious mattress shapes and sizes. [7]

Weft knitting is particularly noteworthy for its
increasing use in various applications. From the
user side, weft knitted fabrics offer several ad-
vantages: they provide a quick response to market
requirements by offering controllable stretch
through construction, easy care, good body fitting, a
soft handle, and the ability to cool or warm depend-
ing on the construction. From the manufacturing
side, weft knitting boasts higher productivity—three
times higher than weaving looms. Additionally,
manufacturing costs for knitted goods are approxi-
mately 50% lower than for woven fabric, require
lower capital investments, and are suitable for all
types of fibers. Moreover, sizing and desizing oper-
ations are not necessary, further enhancing the effi-
ciency and cost-effectiveness of weft knitting. [8]

The quality of knitted fabrics varies depending
on the type of machine used and the conditions in

which they are produced. Different fabric structures
and finishing processes greatly influence the physi-
cal properties and usability of knitted fabrics. Fab-
ric structure plays a crucial role in determining the
various properties of the weft knitted fabric when
the processing parameters are carefully controlled,
ensuring consistency and desired performance at-
tributes. [9]

One of the most important properties that should
characterize bed sheets is the feeling of comfort,
which can be defined as a state of psychological,
and physical harmony between a person and his
surrounding environment.

Bed sheets must also have the properties of effi-
cient use and the characteristics of functional per-
formance requirements.

Accordingly, we can classify the different prop-
erties as follows:

A-Comfort properties
- Air permeability.
- Water vapor permeability (breathability).
- Water permeability (sweat).
- Thermal insulation.
- Surface contact with the skin (hand feel).
- Moisture absorption.
- Antistatic electricity resistance.

B- Thermal properties

- Thermal absorption.
- Exothermic.
- Heat transfer.

C- Properties of efficiency of use:
- Dimensional stability.
- Tearing Strength.
- Friction resistance.
- Bursting resistance.
- Pilling.

D- Properties of job performance requirements:

- Stitch density per unit of measure (the number
of wale and course per unit of measure).

- Measure the length and width.

- Weight.

- Thickness.

- Shrinkage.

- Elongation and resilience.

- Stiffness.

- Drape.

- Wrinkle resistance.

Experimental
The following is the Egyptian standard specifi-
cation for Bed sheets: Egyptian Standard 6733/2008
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for cotton. Bed sheets and covers Physical and me-

Table 4: Machine specification for derby rib

chanical properties [10-12]: N Machine specification for derby rib
1 Machine number 1014
. : : : 2 Machine manufacturer ORIZIO
;Fl?el);fs 1: Egyptian standard specification for Bed B Mach?ne M" ol oA
break tensile | Average 4 Mach}ne diameter 34 In.ch
N Fabric strength\kg weight 5 Machine gauge 20 n\inch
sample case warp | Weft mi\g 6 Number of needles 4272
|| finished | 80 | 65 | 180 o e - (LA
5 Finished 70 70 2125 8 Structpral composition Derby rib
3 finished 60 40 190 9 Material and count of yarn 30\1 cotton
4 Finished 50 35 120 10 Number of feeders 68
3 Finished 60 70 2085 11 Percentage of usufruct 90%
6 Finished 70 50 166 12 Speed range 20:22
7| finished | 60 | 45 | 164 13 | Averago speed 21
3 Finished 35 30 143 14 Hoop number 90:230
9 finished 55 50 130
10 finished 75 65 170 Table 5: Machine specification for interlock
N Machine specification for interlock
Executive Specification L MaCh}ne number 1039
2 Machine manufacturer ORIZIO
Based on the foregoing, we have produced four 3 Machine Model CMOLAA
weft knitted samples for the purpose of using them 4 Machine diameter 36 Ich
as bed sheets and their specifications are as follows: 5 Machine gauge 20 n\inch
As can be seen from Tables [2,3,4,5] the four 6 Number of needles 4272
study samples were produced using fixed data, 7 Row \em _ 16
gauge which is 20 needles per inch, and the Materi- 8 Structural composition Interlock
al & Yarn count used, which is 30/1cotton. ?0 IIiI/[L?:r?lr)l:rl S?gezzlel?: of yarn ;(2)\1 SEO
Table 2: Machine specification for single jersey 11| Percentage of usufruct 90%
N Machine specification for single jersy 12 Speed range 20:22
1 Machine number 371 13 | Average speed 21
2 Machine manufacturer PILOTELLI 14 Hoop number 90:165
3 Machine Model JVCE3
‘5‘ ﬁzzlﬁiﬁz ;illeltlrzzter ;g :Rflilch Table 6: specifications of the weft knitted fabrics
6 Number of needles 2990 struct.ure. = -
T Rowten o S R
8 Structural composition Single jersy ‘St:,'le shyle shyle produced
9 Material and count of yarn 30\ cotton Terser - = —
10 Number of feeders 102 i [ X[X LRI s ¥a Y
11 Percentage of usufruct 75 % [*]% ;;gg:g:g platat)
12 Speed range 20:25 Fib T | | OIEEE
13 | Average speed 23 oo | LAOQR0 [ém 5
14 | Hoop number 90 : 200 ol«lo W "g,’&"{:,;'?;?'r"'} it
Table 3: Machine specification for rib 1x1 Derby rib ololl - ;
N Machine specification for rib 1x1 ofo @Iﬁ
1 Machine number 1038 sf«]o]o
2 Machine manufacturer ORIZIO «[o]o m
3 Machine Model CMOLAA
4 Machine diameter 36 Ich Interlack {7775 54594
5 Machine gauge 20 n\inch (T o) {'r}"ll[ :
6 Number of needles 4272 Lol || Ny
7 Row \cm 18 il PR
8 Structural composition Rib 1x1
?0 1]:1/[1?;:3] 2??6232:: of yam gg\l cotton Subsequently, the implemented samples were
11 | Percentage of usufruct 90% subjected to tests in order to evaluate the outcomes
12 | Speed range 2022 and confirm the research assumptions. The follow-
13 | Average speed 21 ing were the tests that were administered:
14 Hoop number 90:165
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Measurements

Fabric Weight

This test was followed Standard Test Methods
for Mass Per Unit Area (Weight) of Fabric (ASTM
D3776 / D3776M — 20). [13] In this test, several 10
x 10 cm samples are made. The weight of each
sample is then determined using a sensitive scale
with four decimal places. The arithmetic average of
the samples is then determined, and the result is
multiplied by 100 to obtain the weight of the square
meter. The results are as follows:

bility of textile fabrics. This test method applies to
most fabrics. The values stated in SI units are to be
regarded as the standard. The values stated in
CM’/CM?/SEC units may be approximate. This
standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the
responsibility of the user of this standard to estab-
lish appropriate safety, health, and environmental
practices and determine the applicability of regula-
tory limitations prior to use.

Table 9: Test readings for Bursting Strength of fab-
ric

Type of . . .
. . NO Readingl | Reading2 | Readingd | M
Table 7: Test readings for weight per square meter Structure e satne sacne can
. 1 Jersey 416 401 397.6 404.9
of fabrTlc 2 T 2 Rib1 x1 539 462 506 502
N sygc" cadmg cm_gm. Average | Weight 3 Derby Rib 600 612 616 609
e 1 2 3 e g\’ 4 Interlock 837 794 829 820
1 Jséfsgel;’ 0.7342 | 0.7135 | 0.7233 | 0.723667 |144.7333
2 | Rib1x1 | 1.8865 | 1.8969 | 1.873 | 1.885467 |377.0933 Table 10: Test readings for air permeability
3 |Derby Rib | 2.1245 | 2.1554 | 2.175 | 2.151633 |430.3267 No | Type of structure Reading Aveage
4 |Tnterlock | 13303 | 1.2952 | 1.3207 | 1.3154 | 263.08 1 Jersey 158 163 132 151
2 Rib1 x1 65.6 68 62.7 65.4
Lo 3 Derby Rib 508 | 59.9 575 59.06
Fabric thickness 4 Interlock 709 | 779 75.4 74.7

This test was followed ASTM D1777 - Standard
Test. [14] The fabric is measured for thickness in
multiple locations after it has been straightened and
is not subjected to outside pressure or influence.
The fabric is passed under the device's foot while
bearing only the weight of the foot. The measure-
ments yield the following results

Table 8: Test readings for thickness per mm of fab-
ric

Na. | Typeof reading average
structure

1 Jersey | 0.04 | 002 |00z |0QO02 (002 (002 (004 (005 |002 |0.03

Rib 0.84 | 056 | 057 | Q55 (050 (051 (054 (052 |Q57 |0852

Water vapor permeability

A cup filled with distilled water is used, leaving
a small gap of air space between the sample and the
water. The cup is then closed to prevent steam loss
except through the test sample. The initial weight of
the device is taken and then weighed periodically
over time until the results are linear. Care is taken
to_ensure that all weight loss is caused by the trans-
fer of water vapour through the sample.

Table 11: Test readings for Fabric Water vapor
permeability

Derby | 037 | 105 | 115 | 103 (102 |1.07 |105 |058 |103 | 1012
3 rib

Interfock | 0.45 | 0.46 | 0.44 | 045 |046 |042 |043 |041 |041 | 0436

Bursting Strength

This test was followed Bursting Strength of
Textiles —Ball Burst Test (ASTM D 3787). [15] It is
a test method specific to textiles that demonstrate
significant ultimate elongations. The test determines
the bursting strength of textiles by exerting a force
on the clamped material with a spherical plunger
until the material breaks. Before conducting ASTM
D3787, it is important to read the entire specifica-
tion in the relevant ASTM publication. In response
to any outside force or effect, the outcomes are as
follows:

Test Fabric Air permeability

This test was followed Standard test method for air
permeability of textile (ASTM D 737), [16] this test
method covers the measurement of the air permea-

Wet. Wet. After
no | Structure IAverage | Result
Before 24h 48h
1 | Jersey | 105.150 |102.612 |100.3235 |0.35023 0.35023
2 | RibIxI | 102.514 |100.330 |98.3140 |0.03711 0.37118
3 Dggy 107.124  [100.7941 |98.4885 [0.06985 |0.6985
4 |Interlock | 105.519 |103.0468 |100.7996 [0.34079 0.34079
Pilling

This test was followed pilling resistance of fabric
[ICT Method]) [17, 18]

The sample tube with the test sample is placed in the
pilling test chamber, the instrument is started, and the sam-
ple is flipped and rubbed in the box body. After the number
of rollovers is agreed, the sample is taken out for rating, the
degree of fabric pilling is assessed. On an arbitrary scale
from 5 to 1, which represents no pilling to extremely se-
vere pilling, the observed resistance to pilling is reported.

In response to any outside force or effect, the outcomes
are as follows.

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024)
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Table 12: Test readings for pilling of fabric

Table 17: Values of tested properties for interlock

NO Type of Structure Reading
1 Jersey 4
2 Riblx1 4
3 Derby Rib 2
4 Iterlock 4

Antistatic electricity resistance

This test was followed Standard Test Method for
Electrostatic Propensity of textiles, (ASTM D
4238). [19] This test method covers the determina-
tion of the relative electrostatic propensity of fibres,
yarns, and fabrics by a corona discharge. This in-
cludes the measurement of the m3aximum charge
voltage and the decay half-life. The outcomes are as
follows:

Table 13: Test readings for Antistatic electricity
resistance:

Interlock
Weight 263.08
Thickness 0.436
Bursting Strength 820
Air Permeability 74.7
Water Vapour Permeability 0.34
Pilling 4
Anti-Static electricity Resistance -0.20

No Type of Structure Reslt (kv)
1 Jersey -0.23
2 Ribl x1 -0.23
3 Derby Rib +0.8
4 Interlock -0.20

Accordingly, the following tables have been
made to illustrate the different tested properties of
the four samples: Table 11 for jersey composition,
Table 12 Rib, Table 13 Derby Rib and Table 14
Interlock.

Table 14: Values of tested properties for jersey

Jersey
Weight 144.733
Thickness 0.03
Bursting Strength 404.9
Air Permeability 151
Water Vapour Permeability 0.35023
Pilling 4
Anti-Static electricity Resistance -0.23
Table 15: Values of tested properties for rib:
Ribl1 x1
Weight 377.09
Thickness 0.952
Bursting Strength 502
Air Permeability 65.4
Water Vapour Permeability 0.3711
Pilling 4
Anti-Static electricity Resistance -0.23

Table 16: Values of tested properties for Derby rib:

Derby Rib

Weight 430.32

Thickness 1.012

Bursting Strength 609

Air Permeability 59.06

Water Vapour Permeability 0.698

Pilling 2
Anti-Static electricity Resistance +0.8

Results and discussion

As evidenced by our experimental results, it be-
comes clear that knitted fabrics exhibit highly suit-
able characteristics for use as comfortable bed
sheets. The various structural types of knitted fab-
rics, such as Single Jersey, Rib, Derby Rib, and
Interlock, each possess unique properties that con-
tribute to their overall suitability. The following
discussion delves into the detailed analysis of these
structures based on the results obtained from the
tests.

1By weight

Analysis Figure 5: Single Jersey fabric is light-
weight, providing a soft and breathable material that
is suitable for warmer climates and individuals
seeking cooler sleep environments. Its lower weight
contributes to high air permeability and moisture
management.

Rib 1x1 fabric is significantly heavier than Sin-
gle Jersey, offering a robust and durable structure.
This higher weight provides better thermal insula-
tion and resilience, making it ideal for cooler cli-
mates and enhanced durability.

Derby Rib is the heaviest structure tested, offer-
ing the highest thermal insulation and durability. Its
substantial weight ensures excellent warmth reten-
tion, making it suitable for cold environments and
high durability needs.

Interlock fabric strikes a balance between
weight and comfort. It provides moderate thermal
insulation and durability, suitable for a wide range
of climates. Its structure ensures a smooth hand feel
and excellent moisture management.

Weight per square meter of fabric

377.0933 430.326
STRUCTURAL STRUCTURES

Figure 5: Comparative analysis of Fabric weight

By thickness

Analysis Figure 6: Single Jersey fabric exhibit-
ed the lowest average thickness among the tested

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024)
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samples. This characteristic contributes to its light-
weight and breathable nature, making it highly suit-
able for warmer climates and individuals seeking
cooler sleep environments. The minimal thickness
ensures high air permeability and efficient moisture
management.

The Rib 1x1 fabric showed a significantly
higher average thickness compared to Single Jersey.
The increased thickness provides better thermal
insulation and durability, making Rib 1x1 ideal for
cooler climates and users seeking more substantial
and warm bed sheets. The dense structure contrib-
utes to its robustness and long-lasting performance.

Derby Rib fabric had the highest average thick-
ness, reflecting its thick and robust nature. This
structure offers excellent warmth retention and du-
rability, making it suitable for cold environments
and long-term use. The substantial thickness en-
sures optimal thermal insulation, providing a cosy
and comfortable sleeping experience.

The Interlock fabric, with its moderate average
thickness, offers a balance between weight and
comfort. It provides good thermal insulation and
durability, making it versatile for various climates
and user preferences. The balanced thickness en-
sures a smooth hand feel and efficient moisture
management, enhancing overall comfort.

Thickness per mm of fabric

1.012
0.952

[
©
<
o«
ui
=
<

Rib Derby rib
0 1.012

RALSTRUCTURES

Figure 6: Comparative analysis of Fabric thickness

By bursting strength

Analysis Figure 7: The Single Jersey fabric ex-
hibited the lowest mean bursting strength among
the tested samples. This indicates that while it may
be suitable for applications requiring lower mechan-
ical stress, it may not be ideal for environments
demanding high durability and resistance to me-
chanical forces.

The Rib 1x1 fabric demonstrated a moderate
mean bursting strength, higher than Single Jersey
but lower than Derby Rib and Interlock. This sug-
gests that Rib 1x1 fabric can withstand moderate
mechanical stresses, making it a good choice for
applications requiring a balance between flexibility
and strength.

Derby Rib fabric showed a significantly higher
mean bursting strength compared to Single Jersey

and Rib 1x1. Its robust nature makes it suitable for
environments where higher mechanical strength and
durability are essential.

The Interlock fabric exhibited the highest mean
bursting strength among the tested samples. This
suggests that Interlock fabric is highly durable and
capable of withstanding substantial mechanical
stress, making it ideal for heavy-duty applications.

Bursting strength of fabric

Figure 7: Comparative analysis of Fabric bursting
strength

By air permeability

Analysis Figure 8: Jersey fabric tends to have
higher air permeability compared to the other fabric
structures tested. This indicates that it allows more
air to pass through the fabric per unit area per sec-
ond. Higher air permeability can contribute to better
breathability and comfort, particularly in warmer

environments or for individuals who prefer cooler
bedding.

Rib 1x1 fabric has lower air permeability com-
pared to Jersey fabric. This suggests that it allows
less air to pass through, potentially providing better
insulation and warmth retention. Lower air permea-
bility can be beneficial in cooler climates or for
those seeking warmer bedding.

Derby Rib fabric exhibits similar air permeabil-
ity to Rib 1x1 fabric, indicating moderate airflow
through the fabric. It provides a balance between
breathability and insulation, suitable for a variety of
climates and preferences.

Interlock fabric demonstrates higher air perme-
ability compared to Rib 1x1 and Derby Rib fabrics
but lower than Jersey fabric. This suggests it bal-
ances between breathability and insulation similarly
to Derby Rib fabric, making it versatile for various
climates and user preferences.

Air Permeabiliaty of fabric

151

2]
=
&
=
H

65.4 59.06

STRUCTURAL STRUCTURES

Figure 8: Comparative analysis of Fabric air perme-
ability

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024)
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By water vapor permeability

Water vapour permeability refers to the amount
of moisture a fabric allows to pass through over
time (see Figure 9).

Jersey fabric exhibits good moisture vapour
permeability, allowing moisture to be efficiently
transported away from the body. This feature is
beneficial for comfort, especially in bedding where
moisture management is essential for a good night's
sleep.

Rib1x1 fabric shows slightly higher water va-
pour permeability compared to jersey fabric. This
suggests that it may provide slightly better moisture
transfer capabilities, which is beneficial for main-
taining a dry and comfortable sleeping environ-
ment.

Derby Rib fabric shows much higher water va-
pour permeability compared to Jersey and Rib 1x1
fabrics. This indicates that it allows moisture to
pass through effectively, which helps in moisture
management and maintaining comfort.

Interlock fabric shows good water vapour per-
meability, similar to jersey fabric. Allows for effec-
tive moisture transfer while maintaining comfort
and dryness.

Water vapor permeability of fabric

0.37118

0.35023

w
Q
<
e«
w
=
x

037118 0.698524
STRUCTURAL STRUCTURE

Figure 9: Comparative analysis of Fabric water va-
por permeability.

By pilling

Jersey fabric: A rating of 4 indicates moderate
resistance to pilling. This suggests that Jersey fabric
is somewhat resistant to forming pills but may show
signs of pilling with extended use or friction. For
bedding applications, a rating of 4 indicates reason-
able durability against pilling, suitable for moderate
use.

Rib 1x1 fabric: Similar to Jersey fabric, Rib
1x1 shows moderate resistance to pilling. It is likely
to maintain its appearance well over time but may
develop some pills under frequent use.This rating
suggests good durability against pilling, making Rib
1x1 fabric suitable for bedding where durability is
important.

Derby Rib fabric: A rating of 2 indicates lower
resistance to pilling compared to Jersey and Rib

Ix1 fabrics. It is more prone to developing pills
with use and friction. This lower rating suggests
that Derby Rib fabric may not be as durable against
pilling, potentially requiring more care to maintain
its appearance in bedding applications.

Interlock fabric Similar to Jersey and Rib 1x1
fabrics, Interlock shows moderate resistance to pill-
ing. It is likely to withstand moderate wear and
maintain its appearance well over time. This rating
indicates good durability against pilling, suitable for
bedding where longevity and appearance retention
are important.

pilling of fabric

.5
Rib Derby rib Interlock
a | 2 a

STRUCTURAL STRUCTURES

Figurel0: Comparative analysis of Fabric pilling.
By Anti-static electricity resistance

Single Jersey a negative value indicates that the
fabric exhibits a slight repulsion to static electricity,
which is generally favorable as it means the fabric
is less likely to attract static charges. This result
suggests that Jersey fabric can help in reducing stat-
ic cling, making it suitable for comfortable bedding
where static electricity can be a nuisance.

Rib 1x1 Similar to Jersey fabric, Rib 1x1
demonstrates a slight repulsion to static electricity,
indicating it has properties that resist static cling.
This characteristic is beneficial for bedding materi-
als, contributing to user comfort by minimizing
static build-up.

Derby Rib A positive value indicates that the
fabric has a tendency to attract static electricity.
This result suggests that Derby Rib fabric may be
more prone to static cling, which can be less desira-
ble in bedding as it can cause discomfort and affect
sleep quality.

Interlock: Like Jersey and Rib 1x1 fabrics, Inter-
lock exhibits slight repulsion to static electricity,
indicating it resists static cling. This property con-
tributes to the fabric's suitability for bedding, helping
to maintain comfort by minimizing static build-up.
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Anti static electricity resistance of
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STRUCTURAL STRUCTURES

Figure 11: Comparative analysis of Fabric Anti-
static electricity resistance

Discussion

Comparative analysis of the properties tested of
jersey

Jersey fabric proves to be a promising material
for bedding due to its lightweight, breathable na-
ture, moderate bursting strength, efficient moisture
management, good pilling resistance, and anti-static
properties. These attributes make it suitable for en-
hancing sleep comfort and ensuring durability over
extended use.

Jersey

apa.0

Figure 12: Comparative analysis of jersey

Comparative analysis of the properties tested of
Rib

Rib 1x1 knitted fabric shows promising charac-
teristics for bedding applications, particularly in
cooler climates. Its substantial weight and thickness
provide excellent warmth and durability, while the
good bursting strength ensures long-term usability.
Although its air permeability is moderate, it still
offers sufficient breathability and effective moisture
management. Additionally, the high pilling re-
sistance and anti-static properties further contribute
to the fabric's comfort and longevity.

Weight | thickness =008 e

PROPERTIES

Figure 13: Comparative analysis of rib

Comparative analysis of the properties tested of
Derby rib

Derby Rib knitted fabric exhibits several charac-
teristics that make it suitable for bedding applica-
tions, particularly in colder climates. Its substantial
weight and thickness provide excellent thermal in-
sulation and durability, while the high bursting
strength ensures long-term usability. Although its
air permeability is lower, it compensates with effec-
tive moisture management. The lower pilling re-
sistance requires attention, but overall, the fabric's
properties contribute to a warm and durable bed-
ding option.

derby rib

w
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>
3

Weight

43032 1.012
PROPERTIES

Figurel4: Comparative analysis of derby rib

Comparative analysis of the properties tested of
Interlock

Interlock knitted fabric exhibits a range of char-
acteristics that make it highly suitable for bedding
applications. Its moderate weight and thickness
provide a balanced combination of insulation and
breathability, making it versatile for various cli-
mates. The high bursting strength ensures durabil-
ity, while the good air permeability and moisture
management properties enhance comfort. Addition-
ally, the fabric's high resistance to pilling and its
tendency to repel static electricity further contribute
to its suitability for bedding use.

Thus, we reach that the use of knitted weft fab-
rics in the production of bed sheets achieves distinct
functional values that achieve excellent perfor-
mance, which we recommend applying on a large
scale.

interlock

820

thickness

0.436 820 74.7
PROPERTIES

Figure 15: Comparative analysis of interlock
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Conclusions

Bed sheets are one of the most important types
of fabrics, as they touch the human being and affect
him during his sleep, which reaches 8 hours, so they
must provide the necessary comfort properties, and
knitted fabrics are characterized by the properties of
flexibility and softness that are achieved by the dis-
tinctive loop style of knitting, and the study of pro-
ducing 4 samples with different structural composi-
tions in the style of weft knitting in order to be used
as bed sheets and by conducting tests on the sam-
ples produced to measure weight, thickness, burst-
ing strength, air permeability, water vapor permea-
bility, pilling and Anti-static electricity.

By analyzing the results, we found that the weft
knitting samples did well as bed sheets. The re-
search highlights the diverse properties of different
knitted fabric structures and their implications for
bed sheet applications. Jersey fabric is best suited
for warmer climates due to its lightweight and high
breathability. Rib 1x1 fabric is ideal for cooler cli-
mates with its better thermal insulation and durabil-
ity. Derby Rib fabric provides excellent thermal
insulation for very cold environments but has lower
resistance to pilling. Interlock fabric offers a bal-
anced combination of properties, making it versatile
for various climates with high durability and com-
fort. Each fabric type has unique attributes that
make it suitable for specific environmental condi-
tions and user preferences. This research provides a
detailed understanding of how these fabrics can be
optimally used in bedding applications to enhance
comfort and durability.

Funds
The authors declare that there is no funder

Conflict of Interest

There is no conflict of interest in the publication
of this article.

Acknowledgment

The authors are gratefully grateful to
acknowledge the Faculty of Applied Arts, Benha
University.

References

1. Luyster, F.S., Strollo, P.J., Zee, P.C. and Walsh,
JK. Sleep: A health imperative, sleep research
society, (2012).

2. Abdel Mawgod, M. Influence of using different
celluosic materials on the functional properties of
bed sheets fabric, benha university, (2023).

3. Dongmei, p., Zhongping, 1., Ning, M. and Mengjie,
S. A study on the effects of different bedding
systems on thermal comfort — quantifying the

10.

11.

12.

13.

14.

15.

16.

17.

sensitivity coefficient used for calculating assessing
the feasibility of using the heat demand-outdoor,
9th International Conference on Applied Energy,
ICAE2017,, ScienceDirect, Cardiff, UK, (2017).

Arbi, M.S. Product and market analysis for bed-
sheets in united states, (2006).

Cooper, T., Smiley, J., Porter, C. and Precourt, C.
Global fleet & mro market forecast commentary,
Olyver Wyman, (2018).

Worth, R. The hidden life of clothing: Historical
perspectives on fashion and sustainability,
Bloomsbury Publishing, (2023).

Reda, M.M., Ahmed, F.M., Abd El-Aziz, H.A. and
Othman, H.A. Innovative designs for one-piece
clothing inspired by the textures and color of
macrame and carpet stitches, J. Text. Color. Polym.
Sci., 19(2) 291-306 (2022).

Abdel-Megied, Z.M. and El-Bakry, M.A. The effect
of machine setting on weft- knitted fabric
properties, J. Text. Color. Polym. Sci., 14(2) 83-96
(2010).

Elghandour, N.M. Effect of weft knitted fabric
variables on the performance of children clothes, J.
Text. Color. Polym. Sci., 20(2) 377-385 (2023).

EOS 6733: 2008 Egypyian standard for bed sheets
and pillow cases made of cotton and blended,
(2008).

ES 1208-1: 2006 Egypyian standard for cotton
fabrics for bed sheets - part 1: Made from ring
spinning (2006).

ES 1208-2: 2006 Egypyian standard for cotton
fabrics for bed sheets - part 2: Made from open —
end spinning, (2006).

ASTM Standard Test Method (D 3776/D3776M —
20) Standard test methods for mass per unit area
(weight) of fabric, (2020).

ASTM Standard Test Method (D 1777 - 96)
(Reapproved 2002) Standard test method for
thickness of textile materials, ASTM International,
(2017).

ASTM Standard Test Method (D 3887 — 96)
Tolerances for knitted fabrics1, (1996).

ASTM Standard Test Method (D 737 - 18) Standard
test method for air permeability of textile fabrics,
ASTM International, West Conshohocken, PA,
(2018).

BSI-BS 5811 Determination of the resistance to
pilling of woven fabrics (pill testing box method)
(2017).

ASTM Standard Test Method (D 4970 — 02)
Standard test method for pilling resistance and other

related surface changes of textile fabrics:
Martindale tester, (2002).

ASTM Standard Test Method (D 4238 - 95) Test
method for electrostatic propensity of textiles,
(1995).

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024)



EXPERIMENTAL INVESTIGATION OF THE COMFORT PROPERTIES OF BED SHEET PRODUCED .... 11

daall) o< 55 cpe Axilall 3 ) Ciledlal da ) Gailadd o il (g8al)
(ol B9
s = g 5 il g ganail] J il ansd - Ladnail]  idl] IS - Ly dals

oaldiud)

b ) A il s Al ) e ja) as €5l e DS aladiud daal oK 5 il 2L Al jall gt
Sl sa Loy ¢ Zaad oSy Akl (e Lealii) DR e 5mY) CileDle Y Aalidall Gailiadll st 4aS
5yuY) Cile Dl Adiadl Z L) Aul 5o oa Gaad) il €55 CileDle Adiadl caulyy daalll o 1 Al GaS 3
Mg o) sell Apdlany gV daslia s cladl s )5l Jia 8 uaie pailiad 8a5 s deal S 55 Adadl (1
Ly yall s da snil) Jia oS0 53l el La i 53 38 Jaaall Lailoadd) s ASLA) el 5eSU Aa lia s sl 5 olall A
Gt Aeall) 5 55 A5yl alasiud o Gl (2 ik g |y ped) e Slad JiaY) 61 Bind ) ekt Gy cla it
- ol sl A3 G (e 3 u) CleDle A8aY Aal ) (ailiad Cpead r 8 aaluy Cogu B ud) Cile Dl £ L)
— ) S i) G e 5wl il Al cilillaial ak gl o3V Gailiad e o(sladl iy 43l
Laglia - Lngll) Cua (e 5ud) Cledle Aiadl aladin) 3eUS (ol i et (Uil ()5 - i) elaw
daal & )5 C\.ﬁ‘}” g,k ekl E1\30 ; deadiial) calalad) Eiand) 3 gaa G(AJSLJ\ el yeSI A glia - HlaasV)
/30020 @ zss g B Aeodinall ASlall (el il Gu ) (- oo Ao )il QSIS g il
Laslia clawdl o) 5l) AY) (ailadll datiall Clial) HUEAT aige Llad gaad i) dagie dias
ol JLEAY) gl (e 5 Jilad o5 ((ASLall el e8I A glia gl elall jlay A3 o) gll LMi jlaiay)
DS a2 lia 130 15 daalll oS, i Asadl (of:Lganl geilis 5aad A jall ciliagip ¢ Lily s Lilas)
il L1 . slaf & jelal i LB il o) LS e gaill 5 Aig pall S5l pailad e o) Cun
ey 005 o) ) ol de i 38 5 55l Cua (e 43) 2 Sl JSI 5 ) ey Liuia je Le 1315 Aale
&l Lol Ladiall 3y o) A Liagl il clendl Gun e Ll edm ppall o5 5551 5 ()
o o) ad dasall 8l s Y Sladiy) de gl Ay 4l s Aedn pal) el Gy o5l i)
s casll Gl ey ela g gl YD oD o5 Apeponll 2 ol el Lde Gk Lt sedamoall o5y )l
el amonndl & )l & cuy o) deiall Gl slad) L e Gus ase cuy ol
Gs Gas ¢ Guy ol ALl Jela oa (B S5 V5 )l A gl (g5l sl S (g g0l ) Y
ol Al ) a5 o sl i 3 Gyl g A sl 4l Al 8 ) Y1 IS AL el jeS) e slia
138 85 nen Gailiad (e 05 Ll 5yl eSS Hanlll S5 53 Al alasial b s silly e Gl ¢
RENN]

Aal )l el sa ¢ Al Gl ¢ daalll K6y s ) Sile Sl sdalidal) elalsl)

J. Text. Color. Polym. Sci. Vol. 21, Special Issue, (2024)



