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    Abstract:  This article proposes the establishment of monitoring 

and diagnosis tools in order to implement an automated system. 

The purpose of monitoring task is to preserve the production 

equipments quality and personnel safety. The study proposed in 

this paper consists in developing algorithms, based on Hybrid 

Signal Interpreted Petri Nets (HSIPN) for monitoring the quality 

of bobbins obtained by a winding machine. This monitoring 

approach is integrated into maintenance decision process. 

Index Terms:   Monitoring, Interpreted Petri Nets, Wires 

Quality, Plc, Coils Shape 

I.  INTRODUCTION 

   To ensure the safety of automated system, many 

monitoring activities should be done every year. However, 

delayed monitoring activities would cause low service 

quality and require large sums of money. The aim of this 

paper is the study and the design of a monitoring module 

based on Hybrid Signal Interpreted Petri Nets for textile 

machinery. In this context, we propose new algorithms for 

monitoring the wires quality and the coil geometrical form 

obtained by a winding machine. The development of 

operating and monitoring algorithms and their 

implementation on a PLC represent the main contribution of 

this paper. Hybrid Petri Nets are an excellent choice for 

supervision manufacturing system. This tools enjoys wide 

applications in fields such as modeling and control [1-3], 

monitoring [4] and decision making  [5], [6]. With the rapid 

increase of type and size of manufacturing systems, we may 

encounter  a minority of work related to supervision of 

manufacturing system, as coil winding machine, using 

Hybrid Signal Interpreted Petri Nets. Therefore, in this paper 

we present a new approach, based on HSIPN, allowing the 

monitoring the wires quality and the coils geometrical shape 

will be presented. This paper is organized as follows. The 

second section  begins by the definition of Hybrid Signal 

Interpreted Petri Nets  as monitoring tool. The third section is 

dedicated to the presentation of the coil winding unit and its 

quality defected. The latter is used as a case study. Finally 

two algorithms, allowing monitoring the wires quality and 

the coil geometrical form produced by the winding machine, 

will be presented in the last section.     Each one of these 

works has covered some aspects of supervision, however few 

works, nowadays, 
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concern about how to use a combination of them to give a 

systematic procedure for diagnostic of  manufacturing 

system, as coil winding machine, using Hybrid Signal 

Interpreted Petri Nets. Therefore, an original approach, based 

on HSIPN, allowing the monitoring the wires quality and the 

coils geometrical shape will be presented.  

II.   THE WINDING MACHINE  

A. Presentation 

Winding machines are used heavily in textile manufacturing. 
Its  mission is to produce bobbins  that will be exploited for 
the construction of fishing nets, figure 1.  

 

Fig. 1. Winding Machine 

B. Bobbins defects 

The main purpose of this paper is to monitor the wires 

quality and the coil geometrical form. Figure 2 shows the 

difference between conforming or non conforming bobbins 

conical shapes. 

 

Fig 2. Conforming or non conforming conical shapes 
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Given these defects, it is imperative to implement a 

monitoring policy to improve the products quality. In this 

context, our contribution consists in developing and 

implementing algorithms, based on HSIPN, for monitoring 

the wires quality and the coils geometrical shape. 

The main objective of the monitoring approach is to 

ameliorate the productivity, availability and reliability of the 

coil winding machine. 

III. MONITORING ALGORITHMS 

A.  Abbreviations 

Table 1, shows the lists of the abbreviations used in the 

monitoring algorithms. 

Table 1: Abbreviations 

ALG: Algorithm  V2: M2 motor speed  

M: Engine (Motor) V3:  M3 motor speed   

V:  Motor speed M3H: M3 clockwise rotation sens H 

Vm: Motor average speed M3B: M3 counterclockwise rotation sens 

B 
Rv: Speed ratio Direction RM3:  M3 rotation sense 

controller 

m: measure ALv: Inverter alarm 

ms: millisecond ALWT: Wires Twist alarm  

rpm: rotation per minute  ALCF:  unconform geometrical Coil 

Form 
i: counter C0:  speed condition 140.6≤V3≤155.4 

AUR: Emergency stop 
button 

C1: Descent speed condition 
-155.4≤V3≤-140.6 

BSH: top limit stop BM: Power button 

BSB: Bottom limit stop BA: Stop button 

V1:  M1 motor speed  Vy: end of monitoring task 

Vx: beginning of 

monitoring task 
  

B.  Algorithm for monitoring the winding machine 

1)  Monitoring of wires quality  

a)  Algorithm structure  

        Figure 3 shows the algorithm for monitoring the wires 

twisting quality. 

 

Fig 3. Algorithm for Monitoring the Twisting Quality of 

Wires 

b) Algorithm description  

     Pressing the start button causes the startup of the two 

motors M1 and M2. V1 (resp. V2) represented the motor 

speed associated to M1 (resp. M2). The objective is to 

measure the   average motor speeds “Vm” (obtained after ten 

successive pulses: transition T43), figure 3. 

A good quality of wires torsion is expressed by a speed ratio 

“Rv” (Rv = Vm1 / Vm2). The speed ratio variation intervals 

are set by the manufacturer of the winding machine. In the 

studied case, if f the speed ratio “Rv” belongs to the range 

[1.4, ..., 1.6]:      1.6  Rv  1.4 

 In this case the wires quality is qualified as good (P45), 

figure 3. On the other hand (the speed ratio exceeds these 

limits ( Rv <1.4 or Rv> 1.6), an immediate stop of the 

machine is claimed and an alarm is generated informing the 

operator of the poor wires quality (P46). 

2) Monitoring of the bobbins geometric shape  
  The monitoring of the coil geometrical form is structured on 
the variation of the yarn guide motor speed “M3”, figure 4. 

• Phase1: Command change  

     In order to avoid wires accumulation defaults, the time for  

brooch changing is estimated at 500 ms. Exceeding this time 

(transition T52) implies a default of bobbin geometric shape, 

figure 4. In this case an alarm is triggered claiming an 

immediate stop of the winding machine (place “P56”), figure 

4. 

• Phase2: Monitoring of motor speed V3 

       This phase is structured on the monitoring of the motor 
speed “V3” associated to yarn guide engine“M3”. In our 
study, the motor speed “V3” is estimated at 148 rpm. In order 
to avoid wires accumulation, the “V3” must be respected 
with a margin of error of ± 7.4 rpm. in this case condition C0 
must be respected: C0: 140.6 ≤V3 ≤155.4 

The non respect of this condition induces the machine stop. 

C. Implementation of Monitoring Algorithms 

This section focuses on the implementation of monitoring 

algorithms, developed in the previous section, on 

Programmable Logic Controller PLC S7-1200.  

 

1)  Wires twisting quality 

The main causes of wires default are: 

• Exceeded motors speeds V1 or V2: The causes are 

mainly mechanical such as the increase of the 

friction coefficient, failures of brooch bearings or 

drive belt. 

• Sensor fault 

     Figure 5, shows the variation of the two motor speeds V1 

and V2. The rotational speed V1 (resp. V2) associated to the 

brooch 1 (resp. brooch 2) is estimated to 6000 rpm (resp. 

4000 rpm), figure 5. In this case the winding operation 

proceeds normally. 

A good quality of wires torsion is expressed by a 

speed ratio “Rv” belonging to the intervals [1.4, ..., 1.6]. In 

this case the wires quality is qualified as good, figure 6. 

Timer 

Monitoring condition 

Measure m1& m2 

 Measures end  m1&m2 
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Fig 4. Algorithm for monitoring the coil geometric shape 

A falling speed of the upper brooch, figure 7, causes a 

variation on the speed ratio, Figure 8. If the speed ratio 

coincides with the lower limit (Rv = 1.4), an alarm will be 

triggered.  

The purpose of the implementation of these monitoring 

algorithms on a PLC is to explain in details what is happening 

on the system and to help operators identifying failures in 

order to preserve product quality and avoid a damage of the 

process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Motors speeds V1 and V2 

 

Fig 6.  Normal Speed Ratio 
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Fig 7.  Falling speed of the upper brooch 

 

Fig 8. Alarm generation due to wires twisting fault 

IV. CONCLUSION 

This paper presented an approach to improve the product 

quality of a winding machine. Our contribution consists in 

developing a strategy for monitoring the wires quality and the 

coils geometrical shape. 

    The development of operating and monitoring algorithms 

and their implementation on a PLC represent the main 

contribution of this paper. 

    In perspective, it would be interesting to develop a specific 

reflection on the implementation of maintenance algorithms 

on the winding machine. Maintenance actions can be curative 

or preventative. 
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