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Prediction of Random-Velour Needle Punching Force
Using Artificial Neural Network

Hasan Mashroteh, Mohammad Zarrebini and Darush Semnani

Abstract—Random-velour needling technology is a
modified version of conventional needling process. Properties
of the random-velour needled fabric are controlled by the
structural alteration that occurs during random-velour
needling, is due to re-orientation of fibers within the pre-
consolidated fibrous assembly by special fork needles. This
interaction results in creation of a dual structure, comprising
base and pile layers. In this work the effect of needling
parameters and fiber characteristics on force exerted on the
fork needle was investigated. The effect of principal
parameters on total average force "F,," exerted on
individual fork needle was determined using an Artificial
Neural Network (ANN) modeling and the error percentage of
absolute average of predicted tests data was also calculated.
Significance percentages of input parameters on "F rms | Was
indicative of the similar influence of fiber characteristics and
needling parameters on "F,,". Results manifested the
importance of punch density and barbed needle penetration
depth during initial consolidating needle-felting operation.
Result of the neural network assessment testified that the
network in general was capable of mapping input and output
parameters.
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I. INTRODUCTION

RANDOM-VELOUR needled fabrics are produced by a
modified needling operation on a machine depicted in
Figure 1(a) known as random-velour needle loom.
Moveable brush conveyor and structuring fork needles
have replaced the conventional lamella bed-plate and
barbed needles employed on conventional felting needle
looms depicted in Figure 1(b) respectively. Figure 2 shows
both types of needles.

Properties of the final velour fabric are controlled by the
structural alteration that takes place during random-velour
needling operation. The fork needles not only serve as the
principal element in occurrence of the structural
alterations, but also both transmit and influence the
penetration forces that eventually have to be absorbed by
the main frame of the loom [1-3]. Therefore, interaction of
fork needle and fibers results in re-orientation of fibers
within the initial pre-consolidated fibrous assembly which
in turn leads to fundamental structural alteration in terms
of creation of a dual structure comprising base and pile
layers.
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In the present work, a purposely designed force
measuring system [4-5] has been used to measure forces
exerted on the individual fork needle during random-velour
needling in relation to fibrous assembly characteristics and
needling parameters. All previous studies in the field of
needle punching force measurement are limited to the
effect of fiber and needle loom related parameters during
conventional needle-felting process using barbed needles
and so far no study in relation to forces experienced by

fork needles has been reported.
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Fig. 1. Needle looms, a) random-velour loom, b) conventional felting
loom.

Hearle et al. in their pioneering work found that,
increase in parameters such as mass of fibrous assembly,
fiber coefficient of friction and needle penetration depth,
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leads to corresponding increase in magnitude of statically
measured force exerted on barbed needles of a fully
needled needle-board [6]. It was also reported that, in case
of heavy fibrous assembly, increase in needle penetration
depth results in excessive fiber breakage during needling
which in turn tends to reduce the penetration force on the
needle. It was confirmed that, dynamically measured
punching force on single needle decreases after an initial
increase as mass of fibrous assembly increases [7].
Goswami used a laboratory needle loom and reported that,
fiber fineness and crimp are the pivotal factors among
parameters affecting the static force experienced by the
needles of a fully needled needle-board [8].
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Fig. 2. Needles, a) conventional barbed needle, b) structuring fork needle.

Sarin in his 1994 review of pertained researches
reported that according to Luenenschloss's studies, total
forces exerted on barbed needles of a fully needled needle-
board are directly proportional to stroke frequency of the
needle board [9]. Seyam studies was concerned with the
cumulative contributions of various factors such as needle
vibration and inertia on the dynamically measured force
experienced by individual barbed needle. Seyam was also
successful in determining the location of the needle
subjected to the highest force in relation to variation in
fiber staple length and amount of punch density [10-14].

Cislo investigations showed that, quasi-static force on
the barbed needle increases as both fineness and tensile
strength of fiber are increased [15]. Kapusta has concluded

JOURNAL OF TEXTILES AND POLYMERS, VOL. 1, NO. 2, JUNE 2013

that, at very high needling stroke frequency, force
experienced by barbed needle decreases. This was
considered to be due to excessive fibre breakage and
process generated heat [16]. Watanabe showed that
provided both needling and fiber related parameters are
held invariant, then the force exerted on the needle
increases with increases in geometry of barb parameters
[17].

Advances in Artificial Neural Network (ANN) have
created great potential for modeling of complex
engineering behaviors such as signal processing and
engineering control. "ANN" has also been used in the
various fields of textile researches such as prediction of
pilling tendency of wool knits, seam performance of
woven apparels and structural behaviors of nonwoven
fabrics. Present study employs artificial neural network
modeling to predict forces experienced by individual fork
needle during random-velour needling.

II. ARTIFICIAL NEURAL NETWORK MODELING

An artificial neural network is a computational structure,
consisting of a number of complex networks of processing
elements, known as nodes, that dynamically responses to
an external input. The neural network learns the governing
relationships in the data set by adjusting the weights
among nodes. A neural network essentially functions as a
tool that maps input vectors to output vectors [18]. Figure
3 shows a fully-connected feed-forward neural network
used in this study. This model comprises of an input, a
hidden and an output neuron layers.
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Fig. 3. A fully-connected three-layers feed-forward neural network.

The transfer functions are logistic sigmoid and linear
respectively, as shown in Figure 4, where "n” and "m" are
number of input parameters and number of hidden layer
respectively.

The vector values of hidden-layer neurons (h;) is
calculated using continuously valued input vector q,
qa,---qn and a transfer function that acts in relation to Wj
values which are the weights between the input, hidden
layers and b; values (bias) between the input and hidden
layers according to Eq. (1).

The unique desired output value (Qy) is obtained in
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terms of Eq. (2) by continuation of the Eq. (1) operations
among hidden and output layers. Figure 4 depicts logistic
sigmoid and linear transfer functions. "m" and "n" denote
number of hidden layer and input parameters respectively.
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where, f(x) is a logistic sigmoid function, i.e.
1
fix)= .
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k represents the number of output layer, Wi, are the hidden
and output layers connecting weights, b, denotes the bias
connecting the hidden and output layers and g is a linear
function.

Fig. 4. Transfer functions, a) logistic sigmoid function, b) linear function.

In order to predict the total average force, an artificial
neural network model based on a multi-layered feed-
forward back-propagation algorithm comprises of nine
inputs and one output neuron was developed. The ANN
model was used to map the total average force "F,y," and
input parameters. Pairs of input-output were presented to
the network. Weights were adjusted so that the error
between the network generated output and the actual
values was minimized. The output of the model formed the
total average force experienced by the fork needle during
random-velour needling.

III. DESIGN OF FORCE MEASUREMENT SYSTEM

Block diagram of the designed force measuring system
is depicted in figure 5. The system precisely displays
needling stroke frequency by incorporation of a precision
Rotary Variable Differential Transformer (RVDT). Cyclic
angular position of the main shaft in relation to vertical
position of the needle board is also displayed.

Based on elimination principle, the twin load cell shown
in figure 6 precisely measures the contribution of the
factors such as vibration, inertia, frictional resistances of
brush conveyor, dwell of the needle board at bottom dead
center and characteristics of consolidated fibrous assembly
to total force. A "BONGSHIN Miniature Load Cell", type
CBFS, capacity 5 kg sensor with rated output of 1.0 mV/V
was used. However, since the present study deals with the
effect of fiber and needling related parameters on the total
force only data acquired from one load cell is cumulatively
analyzed.

Data acquisition and analysis are carried out using a
purposely designed MATLAB R2010a based Force
Analysis Software abbreviated to (FAS). The "FAS"
capabilities include alteration of sampling start time and
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inputting of calibration equation of the load cell in the
software.
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Fig. 5. Force measuring system block diagram.
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Fig. 6. Force measuring unit, a) off-machine, b) on-machine.







