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Abstract 
 
   In recent years, applications of conductive yarns in textile products are widely developed especially in electronic and smart 
clothing. Comfort of these products is very important. Metallic Filament yarns are generally required to be texturized to use in 
fabric structure and contribute in its comfort. In the present work a novel method, based on a rotational magnetic field, is introduced 
for texturizing metallic filament yarns. The electro-magnetical and mechanical operations of the method are modeled using 
different finite element techniques. The capability of the introduced method in displacing metallic filaments as much as required for 
interlacing them is successfully confirmed by models. 
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Introduction 
   Electronic and smart clothing have attracted increasing 
attention in recent years [1]. The combinations of textile 
structures that are lightweight, flexible, conformable, and 
strong, with electronics have aroused keen interest from 
many disciplines. With technological innovations 
appearing in both textile and electronics, integration of 
these has started giving benefits. Innovations like 
electrical blankets and heating jacket [2], wearable 
electronics [2], textile based antennas [3], life-shirt [4], 
wearable music player [5], smart shirt [6-7], … 
   However, there are some general difficulties in creating 
conductive textiles for clothing. Textiles used for 
clothing have to be flexible and elastic in order to achieve 
a high comfort of wearing. Fabrics need to have a low 
resistance to bending and shearing so that they can be 
easily deformed and draped. These demands are 
inconsistent with the materials and geometries that are 
needed for an electrical conductivity. Metal, carbon and 
conductive polymers are quite rigid and brittle materials. 
Nevertheless, textile technologies have been developed to 
manufacture processable fibers and yarns out of these 
materials [8]. Methods of creating conductive threads are 
[9]: 
-  Filling of fibers with carbon or metal particles; 
-  Coating of fibers with conductive polymers or metal; 
-  Use of continuous fibers that are completely made of 

conductive material. 
   This work focuses on third way which is used to 
produce conductive filament fibers for electronic and 
smart textile applications. Texturizing is the common 
method to make filament yarn suitable for using in 
apparel. When filament yarns are texturized and woven 
or knitted into fabric, the finished fabric resembles a 
fabric made from spun yarns. However, all texturizing 
methods are to apply for polymeric filament yarns. 

Therefore, exploring a new method for texturizing 
conductive metallic filament yarns is considered. 
 
2. Methodology  
   Regarding the conductivity of filaments and the 
effect of magnetic field on a wire with electrical 
current, it seems that the principle of an induction 
squirrel cage electro-machine can be used for 
interlacing metallic filaments. 
 
2.1 Principle of induction squirrel cage electro-
machine 
   Stator is the part of a motor that includes 
stationary portions of the magnetic circuit and 
associated windings and leads [10, 11]. Induction 
electromotor works by three phase power which 
makes rotational magnetic field in stator space. 
Three-phase power can be thought of as three 
different single-phase power supplies (A, B, and C 
Fig. 1). In the three-phase motor, each phase of the 
power supply is provided with its own set of poles, 
located directly across from each other on the stator, 
and offset equally from each of the other two 
phases’ poles.  
 

 
Fig. 1. Three Pairs of Field Coils on the Stator[12] 



 
   The three currents start at different times. Phase B starts 
120° later than phase A and phase C starts 120° later than 
phase B. This is shown on the sine wave graph in Fig. 2, 
which indicates the way the magnetic field will point at 
various times in the cycle [12].  
 

 
Fig. 2. Magnetic Field Rotation Providing Torque to Turn the 

Motor [12] 
 
   Introducing these different phase currents into three 
field coils 120° apart on the stator produces a rotating 
magnetic field (Fig. 2), and the magnetic poles are in 
constant rotation.  
 
2.2 Applying the principle of induction squirrel cage 
electro-machine 
In order to apply the same principle for interlacing 
metallic filaments, the squirrel cage rotor is replaced with 
a suggested filament feeding system (Fig. 3). 
 

 
Fig. 3. A) Suggested filament feeding system B) Squirrel cage 

rotor 
 
   The texturing box contains the stator of the induction 
squirrel cage motor and the suggested filament feeding 
system (Fig. 4). 
The rotating magnetic field in the stator induces electric 
currents in the metallic filaments  which are in  texturing 
box space. Then, the induced currents set up their own 
magnetic fields in opposite to the magnetic field that 
caused the currents. The resulted attractions and 
repulsions provide torque to the metallic filaments. If the 
torque is strong enough, the overfed filaments will be 
moved and entangled with each other.  
 

 
Fig. 4. Designed texturing box 

 
 
3. Modeling 
   The mechanical and electrical properties of 
metallic filaments are illustrated in Table 1. 
 

Table 1 metallic filaments properties 
properties  
material iron 

permeability 2500 

diameter 0.1mm 
density 7.86 gr/cm3 

modules 200Gpa 

Cross section circular 

3.1 Electro-magnetic modeling 
   The Opera 8.7 software is used for simulating the 
force of rotating magnetic field. As it is shown in 
Fig. 4 the space between filament and stator’s inner 
wall and between filaments and the iron core are 0.1 
mm. It is supposed that the stator has four poles and 
the current density in stator windings is equal to 
3A/cm2. 
 

 
Fig. 4. Top view of texturing box 

 
Fig. 5. shows that the flux density in metallic 
filament is up to 1.1 T which exerts 1.653 N.cm 
torque. 
 



 
Fig. 5. Flux density caused by rotational magnetic field 

 
3.2 mechanical modeling 
  The effect of magnetic field power on filaments is 
investigated by the mechanical model which is illustrated 
in Fig. 6. 
 

Fig. 6. Mechanical model of conductive filament in texturing 
box 

 
The connection plate through which the filaments are 
feeding are modeled to work as a roller bearing in yarn 
forming zone. 
   Mechanical simulation is performed by Abacus 6.4 
software (Fig. 7) to define the displacement of each 
filament. 
 

 
 

Fig. 7. The result of filament displacement cause of 
magnetic force 

    
The model shows that 1.653 N.cm torque derived 
from rotational magnetic field displaces each 
metallic filament more than 3cm which seems to be 
enough for filaments entangling. 
 
4. Conclusion 
   The mechanical and electrical modeling of the 
proposed method shows that it can be possible to 
apply it for metallic filament texturizing. The 
experimental work is being carried out to verify the 
result of the modeling part.  
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