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ABSTRACT

Our project investigates the Bi-layer Interlock Knitted
Structures which are produced by 100% Microfiber Polyester and 100%normal
polyester filament with all sort of combinations. The fabrics are studied for
transmission behaviour of air, water and thermal in order to asses their suitability
for sportswear. The results indicate that thermal resistance of fabrics strongly
influenced by heat resistance of the constituent fibre. And areal density of the
above produced fabrics were found to be less when compare with previous
experiments. It is observed that spray rating is better for micro/micro combinations

than normal denier combinations.
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CHAPTER 1

INTRODUCTION

The properties of any fabric produced depend on the constituent fiber
materials, yarn type, fabric structures and how all these factors interact with each
other. The ultimate aim of any apparel fabrics us to satisfy the wearer and make
him feel comfortable. Different raw materials and fabric structures have their own
merits and demerits, which are inherent and determine the comfort behaviour of
the fabric.

Clothing comfort can be divided into following three types: tactile,
psychological, and thermo psychological comfort. Tactile comfort is based on
distribution of stress generated in fabric over the skin. It is mainly related to fabrics
mechanical properties and handle and surface characteristics of the fabric. Thermo
physiological comfort means that the ambient body temperature of 37°C is
maintained. Whatever heat the human body produces must flow out through the
clothing via the body surface. On one hand this is achieved through ‘dry’ heat
transfer by conduction, convection, and radiation. But at high level of physical
exertion as during sports the body must sweat, the aim being to cool the body
through evaporation of the sweat. So the clothing must ensure a high level of

moisture transmission.



But at very high levels of exertion, the fabric may not be able to
transmit the total seat produced to the atmosphere instantaneously. So the excess
sweat must be stored or ‘buffered’ by the fabric for evaporation later on. But the
fabric should not feel wet to the wearer. So a sportswear must have good air, water

and heat transmission and water storage properties.

Textiles serve as both a barrier and transporter of heat, air and moisture
from one environment to another. Textile as a sportswear must fulfill the above
requirements in terms of comfort aspects. Fiber type, yarn type, fabric structure

determines the fabric characteristics.



CHAPTER 2

LITERATURE SURVEY

The prerequisites of ideal sportswear are rapid transport of
perspiration away from the body and then its rapid evaporation to keep the fabric
dry. This is achieved by bi-layer fabric construction in which the inner layer is
made of fabric having good wicking rate. The outer layer is made up of fabric
having good absorption character and rapid evaporation. The fiber which is better
suited from the physiological Point of view therefore depends on the situation. In
other hand there is no single fiber which combines all the different physiological

properties to cover all the situations under which sports clothing is worn.

Behera et al [1] from the research entitled on “comfort behaviour of
cotton/polypropylene  based  bi-layer knitted  fabrics” concluded that
100%polypropylene on both faces gave lowest areal density and also better water
vapor permeability was foundf Higher the polypropylene, highest will be the

wicking behavior.



According to Anbumani and Sathisbabu[2] the structural principles of

bi layered fabrics is given below.

ABSORPTIVE CONDUCTIVE
FIBRE FIBRE
conouctive | @ 4 > &
. ABSORPTIVE

‘- FIBRE
SWEAT SWEAT

SKIN SKIN
FIGURE 1

Tencel/Polypropylene has higher wickability and thermal conductivity than that
of cotton/polypropylene bi-layer knitted fabrics.

Piller[3] has concluded from his research the significant change in
moisture transport, thermal conductivity and air permeability for the multilayered

knitted fabrics which were produced for the sportswear.

High tech textiles for sports clothing and leisurewear [4] thermostat

fabrics gave high thermal comfort good moisture transport and good body comfort.



CHAPTER 3
AIM AND SCOPE

% To produce Bi-Layered Kknitted fabrics using Micro fiber polyester and

normal polyester.

& Analyze and characterize the above produced fabrics by various tests

such as
e Areal density.
e Thermal resistance value.
e Air permeability test.

e Bursting strength.

e Pilling.



CHAPTER 4

MATERIALS AND METHODS

4.1. MATERIALS

The materials used for producing bi-layered knitted fabrics are
Polyester microfilament having 80 denier with 108 filament specification and

normal polyester filament having 80 denier with 36 filaments.

4.2. PROCESS SEQUENCE

YARN PROCUREMENT

KNITTING

TESTING

Figure: 2 Processing Sequence

4.2.1. Yarn Procurement

We have procured Polyester microfiber filament yarn of 80 denier

and with 108 filaments and normal Polyester of 80 denier with 36 filaments.



4.2.2. Knitting
We have produced bi-layered knitted fabrics in four types of

configuration using micro fiber polyester and normal fiber polyester.

4.2.2.1. Fabric Configuration

[C] NORMAL POLYESTER FILAMENT

[] MICROPOLYESTR FILAMENT

Figure: 3 Fabric Configurations



4.2.2.2. Sample Preparation

The fabric is constructed in an interlock knitting machine with

jacquard feature. Fabric which has to form as inner layer is fed in the dial needle

and the outer later is fed in the cylinder needle.

Table: 4.1 Knitting Machine Details

Gauge

Make Mayer & Cie-OVJA36
Speed 15 rpm
Needle Groz — Beckert
No of feeders 36
Diameter 30 inches
20 needles/inch




Table 4.2 Needle Set Out

N1 N2 ‘N3 N4 NS N6 N13 N14
D1 A A A A
D2 B B B B
C1 A A A A
C2 B B B B
C3 C C

DN1 - Dial needle track 1

DN2 — Dial needle track 2

CN1 - Cylinder needle track 1

CN2 - Track 2

CN3 — Track 3

A —Needles moving in track 1
1,3,5,7,9,11,13,15,17

B — Needles moving in track 2
2,4,6,8,10,12,14,16

C — Needle moving in track 3
2,14




Table 4.3 Cam Set Out

F1 F2 F3 F4 F5 F6 F19 F20

D1 - X - X - X - X
D2 - X | - X - X - X
C1 X - X - X - X -
C2 X - X - X - X -
C3 X 0 X - X - X 0

X Knit cam

- Miss cam

O Tuck cam

Feeder 1, 3,5,7.......
Feeder 2, 4,6, 8.......

Dial cam has two tracks of DN1 and DN2.The needles A and B are
moving in the track 1 and 2 respectively. Cylinder cam has four tracks, out of

which the fourth track is kept idle. The A and B needles are moving in track 1 and

2 respectively and the C needle is moving in track 3.This is clearly shown in the

needle set out diagram.

10




The dial and cylinder needle will perform miss and knit stitch
simultaneously during fabric production. That is yarn from feeder 1 forms miss
stitch with the cylinder needle. The yamn from feeder 2 produces knit stitch with
dial needle and miss stitch with the cylinder needle. This has been repeat up to
third course (6" feeder).In the fourth course, the yarn form feeder 7 produces miss
stitch with dial and knit stitch with cylinder. The yarn from feeder 8 fed to the dial
needle produces knit stitch. Third track 36™ cylinder needle makes tuck stitch with
the dial needle to produce bi-layered knitted fabric .This cycle has been repeated

throughout the knitted fabric production. This is shown in the cam set out diagram.
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4.2.3. Testing Methods

The following test methods are used to test the comfort properties
such as wetting, absorbency, thermal conductivity and dimensional stability of bi-
layered knitted fabric.

e Fabric properties.

e Thermal resistance value.

e Bursting strength ASTM D 3887.

¢ Pilling test.

e Spray test

e Air permeability.
4.2.3.1. Fabric Properties

Fabric properties have been studied by conducting various tests.

Courses per cm, Wales per cm, areal density, stitch density, loop length, tightness

factor. The above tests were done using gsm cutter and counting class.

4.2.3.2. Bursting Strength
Table 4.4 Bursting Strength Detail

Standard (IS 1966-1975 reaffirmed 1999)
Unit kgs/sq.cm
RH 65%
Temperature | 21 deg

The sample to be tested is placed in the diaphragm and the air is blown.

This is used to test the bursting strength of the fabric.

12




4.2.3.3. Air Permeability

Table 4.5 Air Permeability Details

Standard ASTM D 737
Unit CC/sq.cm/sec
Pressure 125Pa
Sample 38 sq.cm
RH 65%
Temperature 21 deg

Air permeability is used to measure the amount of air passing through
the fabric in a given time for a given amount of air. The fabric is placed in the
diaphragm and the air is sucked through it then the level of pointer is noted down

and the air permeable value is found out.
4.2.3.4. SPRAY TEST:

70 (150 2) ‘5o (15O 1)

Figure:4 Standard Spray Test - Ratings
13



SPRAY RATING

e 100 ISO 5- No Sticking or wetting of the specimen face
e 90ISO4 - Slight Random sticking or wetting of the specimen face

e 80ISO3

Wetting of Specimen face at spray points

e 70ISO2 - Partial wetting of specimen face beyond the spray points
e 50ISO1 - Complete wetting of the entire specimen face beyond the
Spray points

e 0 - Complete wetting of the entire face of the specimen

Table 4.6 Spray Test Details

Standard AATCC-22 & CNS
10461
Sample size 152 sq mm

The above figure shows the spray test result .It is a standard

comparison for the fabric after the spray of water is done on the fabric. Each
standard indicates different absorbency of the fabric sample at each process. It is

passed with 250 ml water is sprayed on Sample size.

14



4.2.3.5. Thermal Resistance Value

Thermal insulation measures the resistance of a fabric and its
associated layer of air to dry or conductive heat loss. Thermal insulation, unlike
intrinsic thermal insulation, will vary with wind speed. Increasing wind speeds
decrease the thermal insulation afforded by the layer of air. Thermal conductivity
of fabric determines the rate of transmission of heat through a fabric. Thermal
conductivity is the reciprocal of thermal insulation or resistance. It is measured by

conductive and radiative heat transfer from the body and environment.

4.2.3.6. Pilling Test

The pilling of garments is a very complex property because it is
affected by various factors such as fibre length and denier, fibre mechanical
properties, yarn twist level, fabric construction, and fabric finishing treatments.
There are three ASTM test methods for evaluating the pilling resistance of fabrics
(D-3511, D-3512, and D-3514).

Table 4.7 Pilling Rate
RATING DEGREE OF PILLING
1 Very severe pilling |
2 Severe pilling
3 Moderate pilling
4 Slight pilling
5 No pilling

15




5.1. FABRIC DIMENSIONAL STABLITY

CHAPTER 5
RESULT AND DISCUSSION

Table 5.1. Fabric Dimensional Stability

Normal/Micro | Micro/Normal | Micro/Micro | Normal/Normal
Face | Back | Face | Back | Face | Back | Face | Back
“ourse/cm 11.8 11.02 | 11.02 | 11.02 | 1023 | 1023 | 10.62 | 10.62
Wales/cm 14.17 | 13.38 | 13.38 | 13.38 | 14.17 | 14.17 | 13.38 | 13.38
Stitch 167.20 | 147.44 | 147.44 | 147.44 | 14495 | 144.95 | 150.48 | 150.48
ensity/cm’
oop length | 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27
(in cm)
K. 3.18 2.97 2.97 2.97 2.76 2.76 2.86 2.86
K, 3.82 3.61 3.61 3.61 3.82 3.82 3.61 3.61
K=k *ky 12.18 | 10.72 | 10.72 | 10.72 | 10.55 | 10.55 | 10.32 | 10.32
Tightness 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
factor
.oop shape | 0.832 | 0.822 | 0.822 | 0.823 | 0.643 .643 0.793 | 0.793
ictor(k/ky)
Areal 102.88 98.66 95.75 97.37
density

(GSM)

16




From the above table we can observe that the fabrics are less
dimensionally stable. This is because of very poor loop shape factor. And also
areal density of micro/micro combination is lower. This may be attributed due to

more fineness of the fibres.

5.2. THERMAL RESISTNCE VALUE

Table 5.2. Thermal Resistance Value of Fabric

S.no Samples Thermal Resistance
m’K/watt
1 Normal/micro 0.0564
2 Micro/normal 0.0477
3 Micro/micro 0.0112
4 Normal/normal 0.0416

From the above table we found that sample 3 shows lowest thermal
resistance value. This sample is of both sides micro polyester. This may be
attributed due to more number of filaments in the cross section and less heat

resistance than normal polyester.
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5.3. BURSTING STRENGTH

Table5.3 Bursting Strength Details

S.no Samples Bursting Strength
Kgs/sq.cm
1 Normal/micro 7.47
2 Micro/normal 7.06
3 Micro/micro 7.20
4 Normal/normal 7.99

B Normal/micro

B Micro/normal

DI Micro/micro

CINormal/normal

BURSTING STRENGTH KGS/SQ.CM

Figure 5

From the above table and figure we observed that highest bursting
strength for the sample number 4 followed by sample 1,3 and 4.This may be due to

elongation properties of the normal denier polyester.
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5.4. PILLING RATING

Table 5.4 Pilling Test Results

S.no. Samples Pilling rates
1 Normal/micro 3
2 Micro/normal 3
3 Micro/micro 5
4 Normal/normal 3

B Normal/micro
M Micro/normal

O Micro/micro

O Normal/normal

PILLING RATES

Figure 6

From the above table and figure we observed that sample number 3 has no
pilling. This sample is of both sides micro polyester. This may be attributed due to

more number of filaments in the cross section..

19




5.5. SPRAY TEST RATINGS

Table 5.5 Spray Test Rating Details

S.no Samples Spray Ratings
1 Normal/micro 70 -ISO 2
2 Micro/normal 70-1SO 2
3 Micro/micro 50-1SO 1
4 Normal/normal 70-1SO 1 |

From the above table we can see but micro/micro configuration fabrics

was partially wetting when comparing with other samples. This is because of more

number of filaments and pores.

5.6. AIR PERMEABILITY

Table 5.6.Air Permeability Results

S.no Samples Air Permeability
cc/sec/em’
1 Normal/micro 84.33
2 Micro/normal 88.88
3 Micro/micro 97.22
4 Normal/normal 90.22

From the above table we can see micro/micro configuration fabrics

were having higher air permeability when compare to other fabric samples. This is

because of low loop shape factor.

20



CHAPTER 6

CONCLUSION

From the above study we conclude the following:

$ Thermal resistance of micro/micro combination is very low because of less

heat resistance.

> Spray rating is better for micro/micro combinations because of more number

of pores and filaments.
» Dimensional stability is poor because of very poor loop shape factor.
» Air permeability is very high because of open structure of fabric.

» Micro/micro bi-layer knitted fabrics can be used for sportswear.

21



CHAPTER 7

SCOPE FOR FUTURE WORK

» Micro fibre spun yarns can be used for producing bi-layer knitted fabrics.
> Knitting parameters can be varied and optimization can be arrived.

> Subjective tests can be done and correlated with respective sports.

22
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