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I Introduction

Elastic fabrics are an important route to
achieving fit comfort through freedom
of body movement by way of reduc-
ing fabric resistance to body stretching.
Elastic garments have been mostly used
in athletics to improve the performance
of athletes. Simple body movement may
extend the body’s skin by about 50%, and
fabric should also respond by stretching
with the body’s extension and recovering
on relaxation. The strenuous movements
involved in active sports may require
even greater garment extension and fab-
ric stretch. A significant difference be-
tween the skin and fabric movement will
result in the restriction of the wearer’s
movements. The most outstanding prop-
erties of elastic sports garments are body
fit, moisture management and durability.
Furthermore, fabric elastic recovery is
also as important as fabric stretch. Fabric
with high elasticity is preferable for good
sportswear. The degree and direction of
elastic properties determine the end use
of stretch garments [1]. Generally fabric
elasticity is measured using ASTM —
2594 standards [2], which are normally
used to measure a fabric’s elastic stretch
and its recovery. This is a static meas-
urement which helps to analyse the di-
mensional stability of the fabric and gar-
ment during field trials and to study the
laundering effect. The dynamic elastic
stretch and recovery of the fabric helps to
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analyse the garment’s response to instant
body movements [3].

Although there are some standard meth-
ods available to evaluate the elastic per-
formance of fabrics, it is difficult to incor-
porate the results in product development
when it is converted into a garment. Elas-
tic garment stretch is mainly due to body
skin strain, which depends upon garment
fit and slip during body movements.
Thus the performance analysis of fabric
at the garment stage is more useful than
at the fabric stage. So far few attempts
have been made to evaluate compression
garments using new testing methods. In
this direction, an attempt was made by
Salim M Ibrahim (1968), who developed
a new test method to provide a quanti-
tative definition for the performance of
form persuasive fabrics and garments.
The new test methods are as follows: (i)
the Pressure indicator technique, which
continuously measures garment pres-
sure on the body; (ii) the Contour meter
measure, developed to measure the static
response with the help of a contour gauge
to provide quantitative and qualitative
measurement of the change in body ge-
ometry due to pressure, and finally (iii)
the Accelerometer (two accelerometer
probe with associated equipment), meas-
uring the extent of dynamic control or the
control of seat vibration during walking,
afforded by foundation garments [4].

William J Kraemer et al [5] (1996) stud-
ied the compression performance of
shorts during the vertical jump of vol-
leyball players. The vertical jump test
was performed on an AMTI force plate
interfaced to a computer with custom-
ised software so as to determine the

jump force and power. It was found that
the compression of shorts had a signifi-
cant effect on the mean jumping power.
However, it had an insignificant effect
on the highest jump power. Jill A Bush
et al (1998) also found the same trend
[6]. Brandon et al (2003) analysed the
performance of compression garments
using track and field sprinters and jump-
ers, measured with a Celesco cable trans-
ducer attached to the person’s waist. Skin
temperature and force data ( between the
body and garment) were also recorded
during the study [7].

Michael I Trenell et al (2006) investigated
the benefit of a compression garment us-
ing P-Magnetic Resonance Spectroscopy
on a walking person who wore a com-
pression garment on one leg and none
on the other . They have reported that the
results support the beneficial aspects of
these garments [8]. Elzbieta Maklewska
et al (2007) designed a new measuring
device for recording the pressure exerted
by the garments or bandages used in the
healing therapy of hypertrophic scars.
These garments are used to provide con-
stant pressure over the healed burn. This
compression minimises the development
of scarring and deformity caused by seri-
ous burn injury [9]. This can be used in
the field of sports for analysis of a sports
person’s garment fit and performance en-
hancement.

Antonius Hubertus et al patented a tight-
fitting garment comprising a dipole reso-
nator, which is adapted to vary its shape
in accordance with the shape variations
of the person wearing the garment. The
shape of the resonator determines the res-
onance frequency which can be detected

64 Senthilkumar, M.; Kumar, L. A.; Anbuman, N. Design and Development of a Pressure Sensing Device for Analysing the Pressure Comfort of Elastic Garments.

FIBRES & TEXTILES in Eastern Europe, 2012, 20, 1(90), 64-69.



by a reflection analyser [10]. Compres-
sion garment performance can also be
evaluated by the measurement of oxy-
gen consumption, heart rates, body mass
change and skin temperature, as well as
by a venous blood test for the determi-
nation of lactate and hematocrit levels in
sports persons [11]. Kraemer et al (2001)
studied the performance of these gar-
ments using a compression sleeve around
the elbow and reported that the swelling,
perceived muscle soreness and impact on
the elbow joint’s range of motion were all
reduced due to the use of the compres-
sion sleeve [12].

Although the benefits of compression
garments have been positively high-
lighted in a lot of literature, there have
been some contradictory views on the ef-
fect of compression garments on sports
performance. For example, Bernhardt
(2005) found no difference in the bal-
ance, agility, proprioception and en-
durance of muscular power in a person
wearing and one not wearing elasticised
compression shorts [13].

Similarly, Rob Duffield et al (2007)
studied the effects of three types of
full-body compression garments on the
repeat-sprint and throwing performance
of cricket players. It was found that no
significant differences were evident in
the repeat-sprint performance or throw-
ing performance when measuring the
person’s heart rate, body mass change
or blood measures during exercise [14].
Another study carried out by Rob Duff-
ield et al (2008) showed that the effects
of compression garments on the recovery
of muscle performance following high-
intensity sprinting and plyometric exer-
cise were negligible [15]. Ali et al (2007)
analysed the effect of wearing graduated
compression stockings on physiological
and perceptual variables during and af-
ter intermittent and continuous running
exercise. It was found that there was no
performance difference found between
normal and compression stockings [16].

Contradictory opinions were expressed
regarding the benefits of wearing elastic
garments, which may be due to the na-
ture of test methods, their repeatability
and reliability. The effect of compression
garments on sports performance could be
explored by way of defining a test meth-
od, machine calibration, the procedure of
performing the experiments and defining
the number of samples and their varianc-
es. Compression garment performance
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Figure 1. Block diagram of elastic garment performance evaluation using the pressure

sensing device.

can be assessed by measuring body mus-
cle pressure during any sports activity.
The pressure should be maintained for
every stroke of body movement. The gar-
ment’s resistance to the body during eve-
ry stroke should be as low as possible in
order to avoid skin irritation and muscle
fatigue, as a too tight fitting compression
garment makes the person feel discom-
fort due to the reasons aforementioned.
Inversely, a too loose fitting garment will
not be beneficial to the wearer in terms
of speed, power and stamina. Hence op-
timum pressure should be maintained
when constructing a garment for a par-
ticular sports activity in order to enhance
the performance of the sports person.

B Objective

The present work was to design and
develop a new pressure sensing device
which would be used to assess the dy-
namic pressure comfort of a garment by
measuring the pressure acting on it dur-
ing each and every body movement. This
will help to evaluate the pressure com-
fort of any elastic garment assigned to a
sports person, in order to develop tight
fitting sportswear products.

Design of the pressure
sensing device

Concept

A block diagram of the working principle
of the dynamic pressure measurement is
shown in Figure 1. This instrument is
used to assess the dynamic pressure com-

fort of a fabric or garment by measuring
the force acting on the fabric due to body
movement. The new pressure sensing de-
vice consists of a sensor placed between
the body (the place to be measured) and
garment.

A highly sensitive sensor (12 V minimum
ground output) is used to measure the
force acting on a body in the range of 0 N
to 10,000 N, placed between the elastic
garment and human skin. A step down
transformer is used to convert 230 V to
15 V for the power supply board, consist-
ing of four diode bridge rectifiers to con-
vert AC to DC, as well as 1000 pF and
10 pF capacitors for filtering purposes.
The power supply board supplies 15 V
DC to a PIC16F877 microcontroller.

The sensor is interfaced with the micro-
controller, which acts as a measuring and
control unit. The sensing and control unit
is used to sense the dynamic pressure val-
ue and store the information, presenting
it in a readable format. The information is
displayed by a 2 x 16 LCD unit. Moreo-
ver the pressure value measured can be
transferred to a computer through serial
communication protocol. The data values
stored in voltage are converted to New-
tons per square millimeter and displayed
in a graphical format using dedicated Lab
VIEW based Dynamic Stretch Measure-
ment Software.

Working principle

A pictorial view of the pressure sens-
ing device for elastic garment perform-
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ance evaluation is shown in Figure 2.
The working principle of the device can
be explained in three steps: i) Function
of the pressure sensing device, ii) Gar-
ment with dynamic movement, and iii)
Pressure output display. The pressure
sensor is interfaced with the garment
to be sensed. The sensor is flexible and
can be placed between the body and gar-
ment; it is specifically designed to be
placed at the arm elbow joint. For every
arm stroke, the elastic garment expands
and contracts due to muscle movement.
The pressure value will be higher when
the garment resists expansion and will
be lower when the garment relaxes and
recovers. Too high or too low garment
pressure will lead to the pressure discom-
fort of the wearer. Fabric with low stress
at higher elongation is always preferable.
The elastic garment should expand and
contract along with body movement in
order to provide the benefits of compres-
sion during sports activity.

The sensor senses the arm pressure of
every stoke, and the pressure values are
continuously stored by the microcontrol-
ler and recorded on the computer with the
help of Lab VIEW software. The display
unit shows the pressure value continu-
ously. The data can be logged for future
use or it can be accessible in print out
format.

Lab VIEW software is used to record
and display a graphical representation
of each performance, which is shown in
Figure 3. The software gives informa-
tion about the input and output data of
the compression garment performance
evaluation. The input data consist of the
total number of samples to be tested, the
time duration for each test, the mean
stress value and its standard deviation,
and the allowable error. The output data
show mean stress values of each stroke
of the test sample, its standard deviation,
its covariance and the mean stress value
of all test samples graphically as well as
numerically.

The pressure sensing device measures
the stress value of the garment for each
stroke of the arm; a hypothetical con-
dition is shown in Figure 4. The mean
stress value, standard deviation and coef-
ficient of variation of samples were cal-
culated using the following formulas.

Mean stress value of sample 1

(S =(S1S1 + 515, + 0
+S1S5+ ... +S;S)/N;
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Mean stress value of sample 2

(S2) = (S251 + 8,8, +

2
+S,S3+ ...+ S35,)/Ny 2)
Mean stress value of ‘n’ sample
(Sn) = (SpSy + SpSz + 3)

+8,83 + ... + SySn)/Nyy

Overall mean stress value of all the sam-
ples

(S)=(S;+Sy+S3+... +S)n (4

Standard deviation of the samples =
=(SD(S1) +SD(Sy) + ®)
+SD(S3) + .... + SD(S,))/n

Coefficient of variation of the samples =
=(CV%(Sy + (6)
+ CV%(Sy) +...+ CV%(Sy))/n

where:

S1S; - Stress value of first sample for
1st stroke of the arm

S1S, - Stress value of first sample for
2nd gtroke of the arm

Sy S, - Stress value of first sample for
nth stroke of the arm

Ni - No of strokes by 15t sample

Ny - No of strokes by 2nd sample

Nu - ‘N’ number of strokes by ‘n’

number of samples
SD (S;) - Standard deviation of 1st sam-

ple

SD (Sp)- Standard deviation of ‘nth’
sample

n - Total number of samples

Pressure comfort
measurement

Pressure Comfort is a complex phe-
nomenon which involves a number of
synthetic sensations, such as snugness,
looseness, tightness, light-weightness,
softness and stiffness. It mainly corre-
sponds to the pressure receptors in skin
and may come from a combination of
a number of simple sensory responses,
depending on fabric elastic characteris-
tics and elastic recovery properties [17].
A fabric or garment requires high stretch
with low pressure, which will lead to bet-
ter comfort. The pressure comfort zone is
where the pressure sensation is less than
0.4 N/mm?2.

The pressure applied on the fabric (P) =
= (TH/yH) + (TV/yV)

where:

TH - Tensile stress in horizontal direcion

TV - Tensile stress in vertical direction
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vH - Radius of curvature in horizontal
direction

vV - Radius of curvature in vertical di-
rection

A pressure sensing device is used to meas-
ure the garment resistance developed due
to dynamic movements. A sports person’s
each and every body movement may not
be the same during real time performance.
For example, an athlete’s performance
while running starts with a slow run, then
consistency of movement is maintained,
and in the final phase maximum speed is
gained. The body movements and muscle
oscillations of performers vary . In order
to eliminate these variations, an artificial
arm was designed, developed and used in
the study. Figures 5 and 6 show the new-
ly designed artificial arm for controlling
variation in the strokes of the person’s
movements.

The artificial arm was designed using
Plaster of Paris, a cement mixture was
then applied on steel rods, and finally a
Polypropylene cloth was wrapped around

the mixture. The forearm and biceps
are joined with an elbow arrangement.
A C-Clamp is used to connect the arm
with the stand. A wiper motor is con-
nected to the arm with the help of a con-
necting rod in order to give cyclic move-
ment to the arm. A 12 V DC battery is
used to give power to the wiper motor.
The test specimen is gripped at both ends
of the arm by an elastic band. A pressure
sensor is placed in the garment to exert
the pressure developed on the body due
to garment resistance during body move-
ment. The pressure developed between
the body and garment during each move-
ment can be seen with the aid of the LED
display in the device, which is continu-
ously recorded by the computer.

Interpretation of pressure
measurement

The pressure sensor senses fabric resist-
ance in terms of voltage. The voltage
measured is converted into force. For ex-
ample, 1 V=100 N and 2.5 V=250 N.
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Table 1. Standard deviation of primary test
samples.

Single | Multiple
Measurement sample | sample
Standard deviation, % 17.44 29.36

Table 2. Critical differences at 95% confi-
dence level witht = 2.1315.

No. of trials SS;:%'I‘: T::‘i;f
2 18.12 18.53
4 15.24 15.72
6 13.33 14.97
8 10.56 11.62
10 07.25 09.35

The values converted are displayed in the
LCD display in Newtons.

P=T/R Laplace law
where:
P = Pressure in N/ mm?2,
T = Tension expressed as the force per
length of the cloth (T = /L) and
R = radius of the arm.

Supposing the pressure output measured
is 20 V (force is 2000 N).

Then, T = Force (2000 N)/arm length
(500 mm) = 4 N/mm.

Pressure = Tension/Radius of the arm
(80 mm) = 0.05 N/mm?

The critical difference at a 95 % confi-
dence level was analysed for selected
samples, given in Tables 1 & 2. Analy-
sis of the performance evaluation can
be done by the analytical and graphical
methods. When the mean stress value is
low and with high garment elasticity, the
garment will be highly suitable for sports
events (the standard deviation and coef-
ficient of variation of the sample should
be as low as possible). This measurement
follows the principles of the relative
grading method, used to compare two or
more samples.

Validation of the new test
method

In order to validate the reliability of the
device, three types of fabrics were pro-
duced from 24 gauge using a Mayer and
Cie knitting machine of 20 inch diam-
eter, with 72 feeders and 1800 needles.
A cotton yarn count of 408 Ne and span-
dex yarn of 200 denier were used for
manufacturing the fabrics. The fabrics
were a) normal cotton fabric (no spandex
feed fabric), b) alternate spandex-cotton
fabric c) and all spandex-cotton fabric.
Spandex yarn was fed only in alternate
feeders and all feeder cotton fabrics. The
knitted fabrics were heat set in an Askme
model machine at 200 °C for 38 seconds
and then treated with reactive dye at
60 °C temperature, maintaining the pH
at 7.5. Then these fabrics were washed
twice at the same temperature.

The geometrical properties of the fabrics
selected are given Table 3. The spandex
content in the fabrics increases with an
increase in the number of courses and
wales per centimeter thereof, which is
due to its lateral compression of yarn
loops. The compression of loops due to
the inter yarn space, which increases with
the fabric thickness, further increases
with the fabric areal density.

These fabrics were tested in the new
device, the results of which are shown
in Figure 7. The mean, standard devia-
tion and coefficient of variation of the
samples selected were calculated using
Equations 4, 5 and 6, respectively.

It is very clearly seen that all spandex-
cotton fabric has lower stress or a lower
pressure value, followed by alternate
spandex-cotton fabric, than that of nor-
mal cotton fabric. When the amount of
spandex in the fabric was increased, the
stress or pressure value of the fabric de-

Table 3. Geometrical properties of the three knitted fabrics.

Wales per | Courses per Loop length, Thickness, Areal density,

Sample centimeter centimeter mm mm g/m?2
No spandex fabric 15.75 15.35 2.9 0.40 104.56
Alternate spandex feed fabric 17.32 18.50 3.1 0.49 144.32
All spandex feed fabric 17.72 22.05 3.2 0.57 216.12

Table 4. Pressure values of selected fabrics.

Fabric stress, N'mm2

PSD - Stress, | PSD — Coefficient

Sample Instron (W - 50%) | Instron (C - 50%) N/mm?2 of variation, %
No spandex fabric 1.75 2.30 2.01 12.55
Alternate spandex fabric 0.94 1.35 0.75 17.28
All spandex fabric 0.08 0.20 0.14 16.28
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creased. The standard deviation of the
test results also decreases in the case of
all spandex-cotton fabric, followed by
alternate spandex-cotton fabric and nor-
mal cotton fabrics. This simple experi-
ment carried out on the new device helps
to understand the behaviour of garment
response thoroughly.

The stress (or pressure) values of all three
fabrics were compared with those of the
fabrics tested using an Instron tester (dy-
namic tensile test — CRE principle) at a
50% extension in both the wale wise and
course wise direction, the data of which
are given in Table 4.

It is very clearly seen that the all span-
dex-cotton fabric has a lower stress or
lower pressure value, followed by alter-
nate spandex-cotton fabric, than that of
normal cotton fabric. When the amount
of spandex in the fabric was increased,
the stress or pressure value of the fabrics
decreased due to yarn loop compression.
Elastic garments have a really beneficial
effect on the wearer/sports person due to
lower stress with higher elongation and
also quick recovery. The beneficial ef-
fects on sports persons were proved by
comparing the test results of the new
pressure sensing device with the Instron
results. The new test results have good
correlation (R = 0.95) with the Instron
test results.

@ Conclusions

A pressure sensing device for analysing
the pressure comfort of elastic garments
was designed and developed. The device
was calibrated and tested with different
elastic garments for its reliability. This
pressure measurement device is used to
measure the pressure comfort between
the human body and garments. The new
device proves that elastic garments really
improve the stamina and speed of the
sports person through its quick recovery
and lower stress with higher elongation,
which enhances the performance of the
sports person in terms of stamina, speed
and power. There is a good correlation
found between the pressure values ob-
tained from the new sensing device and
those from the Instron tester.
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