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Abstract- In this paper, we propose a technique to measure the Elasticity Modulus of the textile material using flex LVDT.
Elasticity modulus is measured indirectly by measuring stiffness of the material first. The material whose stiffness is to be
measured is subjected to a known force and the deflection caused in the material due to applied load is measured using the
LVDT. Here the whole measurement is done dynamically without halting the manufacturing line of process. The output of
LVDT is AC voltage. AC-DC converter is used to convert the AC output voltage of LVDT to DC output voltage. This is
cascaded to the ANN block programmed on the LabVIEW platform. The results show that the proposed technique has
achieved its proposed objectives.
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and finally, results and conclusion is given in section
VII.

I. INTRODUCTION
Elastic modulus is a property of the constituent
material; stiffness is a property of a structure. That is,
the elasticity modulus is an intensive property of the
material. The stiffness of a structure is of principal
importance in many engineering applications, so the
modulus of elasticity is often one of the primary
properties considered when selecting a material. A
high modulus of elasticity is sought when deflection
is undesirable, while a low modulus of elasticity is
required when flexibility is needed. The measure of
elasticity modulus cannot be done directly; we can
find the elasticity modulus by measuring the stiffness
of the material. The stiffness of a body is a measure
of the resistance offered by an elastic body to
deformation. For an elastic body with a single Degree
of Freedom (for example, stretching or compression
of a rod), the stiffness is defined as force per
displacement produced by the force along the same
degree of freedom [1]-[3].
There are many techniques to measure the
elasticity of textile but all these are offline process
and most of them derive the elasticity modulus from
the material of the cloth or some are derived from
tensile strength of the thread bused to spun the textile.
The present paper proposes a technique used to
measure the elasticity of textile online using LVDT to
measure deflection of the textile for applied load.
Thus, stiffness and elasticity modulus of textile is
calculated.
The paper is organised as follows: After
introduction in section –I. Section-II discusses with
the block diagram of the proposed technique, a brief
description on sensor is given in section III. The
output of the sensor is AC voltage; A brief discussion
on data conversion i.e. AC-DC converter, is done in
section IV, section V deals with the problem
statement. Section VI deals with problem solution

II. BLOCK DIAGRAM OF MEASURING
SYSTEM
The block diagram representation of the
proposed elasticity measuring technique is given in
Fig.1
Textile

LVDT

AC – DC
converter

PC

Figure. 1 Block diagram of proposed system

III.

LVDT

LVDT is used to measure linear
displacement. LVDT operates on the principle of a
transformer. As shown in Fig. 2, an LVDT consists of
a coil assembly and a core. The coil assembly is
typically mounted to a stationary form, while the core
is secured to the object whose position is being
measured. The coil assembly consists of three coils of
wire wound on the hollow form. A core of permeable
material can slide freely through the center of the
form. The centre coil is the primary, which is excited
by an AC source as shown. Magnetic flux produced
by the primary is coupled to the two secondary coils
placed on both sides of primary coil, inducing an AC
voltage in each secondary coil [4]-[6].

Figure 2. LVDT schematic diagram
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VI.

PROBLEM SOLUTION

The signal from the AC-DC converter is
connected to the DAQ card connected to the PC
programmed using LabVIEW. LabVIEW is a
graphical language used for control and automation.
LabVIEW consists of two parts called the front panel
and block diagram windows. The front panel to the vi
consist of two numerical indicators which display the
actual quantities of stiffness and elasticity modulus as
shown in Fig.5.
Figure. 3 Cross-section of LVDT

Figure. 5 Front panel view

Figure. 4 Image of experimental setup

Figure 4 shows the experimental model used for the
proposed measurement technique. The textile fabric
whose stiffness or elasticity is to be measured is made
to roll on to the roller. The roller are arranged in a
way that the textile is held tight Now, a weigh ball is
applied on the centre of the textile causing slag on
the textile proportional to the properties of textile like
stiffness and elasticity modulus.
IV.

AC-DC CONVERTER

LVDT’s output signal is converted by a
‘LTC1967 true RMS to DC converter’ to a DC signal
that is linearly proportional to the displacement of the
LVDT core. The LTC1967 is a true RMS-to-DC
converter that uses an innovative delta-sigma
computational technique. The benefits of the
LTC1967 proprietary architecture are higher linearity
& accuracy, bandwidth independent of amplitude and
improved temperature behavior when compared to
conventional log-antilog RMS-to-DC converters [7].

Fig 5: Block diagram view

Fig. 6 shows the block diagram vi for the
proposed technique. The block diagram consists of a
DAQ input acquire corresponding to output of
LVDT. This signal is further processed using the
concept of neural network to display the stiffness and
elasticity modulus of the textile. The neural vi is
designed using the back-propagation algorithm to
calculate the stiffness and elasticity modulus of
textile [8]-[9].
A: BACK-PROPOGATION ALGORITHM
The back-propagation learning algorithm can be
divided into two phases: propagation and weight
update [10]-12].

V. PROBLEM STATEMENT
Once signal is acquired from the AC-DC
converter using DAQ card. LabVIEW is programmed
to achieve the following:
(i) Display the actual stiffness of textile used
(ii) Display the elasticity of textile used
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Phase 1: Propagation
Each propagation involves the following steps:
1. Forward propagation of a training pattern's input
through the neural network in order to generate
the propagation's output activations.
2. Backward propagation of the propagation's
output activations through the neural network
using the training pattern's target in order to
generate the deltas of all output and hidden
neurons.
Phase 2: Weight update
For each weight-synapse:
1. Multiply its output delta and input activation to
get the gradient of the weight.
2. Bring the weight in the opposite direction of the
gradient by subtracting a ratio of it from the
weight.
This ratio influences the speed and quality of
learning; it is called the learning rate. The sign of the
gradient of a weight indicates where the error is
increasing; this is why the weight must be updated in
the opposite direction. Repeat the phase 1 and 2 until
the performance of the network is good enough.
The training data for the network would be the
set point data given by the user.
Table-1 summarizes the require data for training.

VII.

The system after being trained by neural network
using back-propagation was subjected to test and
following results were plotted.
Parameter
Actual
Measured value
1 Stiffness
0.66 N/m
0.66 N/m
2 Stiffness
0.62 N/m
0.62 N/m
3 Stiffness
0.89 N/m
0.89 N/m
4 Stiffness
1.3 N/m
1.3 N/m
5 Elasticity Modulus
3.8 GPa
3.8 GPa
of nylon
6 Elasticity Modulus
3.1 GPa
3.1 GPa
of polystyrene
7 Elasticity Modulus
5.3 GPa
5.3GPa
of cotton
8 Elasticity Modulus
18.2 GPa
18.2 GPa
of jute
The result show that the technique produces
accurate results.
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