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Abstract:  
Reliability plays an essential role in industry by ensuring the stability and constancy of production 
processes. It guarantees equipment performance, product compliance with quality standards, reduced 
breakdowns and downtime, and contributes to customer satisfaction and company competitiveness. Our 
work involves assessing the reliability of a specific production line. Using statistical analysis methods and 
probabilistic modelling, we identify the main causes of failures and propose improvements to increase the 
overall reliability of the production line, as well as practical recommendations to optimize operational 
efficiency and ensure the company's competitiveness. 
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1. Introduction  
Aspiring to industrial excellence is an objective 
sought by every company, as it leads to a solid 
reputation, generating profits and placing 
companies in a leading position in the market. 
However, achieving this goal means mastering 
several concepts simultaneously: productivity, 
availability, quality and meeting deadlines. These 
imperatives are closely linked to the equipment, 
which must continuously produce quality 
products while minimising losses. Unfortunately, 
over time, this equipment suffers degradation 
and decreases in reliability cycle after cycle, 
which can inevitably lead to failures and sudden 
stoppages in production. 
To remedy this problem, a reliability study is 
carried out, which is the characteristic of a 
system expressed by the probability that it will 
perform the function for which it was designed, 
under given conditions and for a given period of 
time [1]. Reliability is one of the components of 
dependability. It can be defined as: the science of 
failures. It is the ability of an entity to perform a 
required function or satisfy the needs of users, 
under given conditions, for a given period of time 

[2], [3]. 
This work focuses on the case of a production line 
within an Algerian company specializing in the 
manufacture of thermoplastic pipes: HDPE, PVC, 
LDPE and multilayer pipes. We focus specifically 
on studying the reliability of the multilayer 
production line, using an appropriate 
probabilistic model, estimating its parameters 
and assessing its reliability. A calculation of 
maintainability and availability is also required at 
the end of this paper. 

2. Material and method 

2.1  Multi layer production line : 
The multilayer production line consists of a 
combination of several pieces of equipment [4]: 

 Extruder 1 (inner tube layer) 

 Extruder 2 (adhesive layer) 

 Co-extrusion head (for the PEX inner layer) 

 Extruder 3 (outer layer of pipe) 

 Extruder 4 (adhesive) for the glue layer 

 Co-extrusion extrusion head (for the outer 
layer) 

 2 cooling tanks and a calibration tank 

 Welding system (butt welding) 
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 EDDYCHEK / ZUMBACH instrument / SPARK-
Tester / BETALASER (control systems) 

 2 Pulling machines 

 Resistance 

 Automatic saw 

 Inkjet printer 

 Registration machine 

 Wrapping machine 

 Capstan      
2.2 Multi-layer tubing : 
Multi-layer tubing plays a vital role in modern 
plumbing and heating systems by providing 

versatile and durable solution. 
PEX/AL/PEX multilayer tubing consists of an 
Aluminium (AL) tube butt-welded lengthwise and  
two inner and outer layers of cross-linked 
polyethylene. The different layers are connected  
together by a layer of adhesive. These tubes 
provide corrosion resistance, installation 
flexibility and effective thermal insulation. Their 
multi-layer construction ensures a prolonged 
lifespan and  
reduces the risk of leaks. [4] 

 

 
Fig. 1: Components of a multi-layer pipe [5]. 

2.3 Breakdown diagnosis and statistics 
Within a production unit comprising several lines, 
each line in turn comprising several pieces of 
equipment, themselves made up of several 
components, it becomes difficult to identify 
precisely the critical sectors responsible for 
production stoppages. As the number of pieces of 
equipment and their components increases, so 
does the complexity. 
Faced with this situation, it is imperative to carry 
out a breakdown analysis in order to target the 
essential sectors, while avoiding focusing on 

sectors that are not really the cause of frequent 
production stoppages. This analysis is based on 
equipment history and expertise in statistical 
methods and diagnostics commonly used in the 
industrial sector, in particular the ABC Pareto 
method. 
2.3.1 Breakdown history of the multilayer line: 
The table below shows the failure frequencies 
ordered in descending order, their percentage of 
the total as well as their cumulative as required 
by the method. 

Table 1: Diagnostic parameters as a function of failure frequency 
 

Equipment or 
incident 

 

Number of 
breakdowns 

 

Percentage 
 

Cumulative 
percentage 

 

Rewinder 11 26,19
% 

26,19% 

Extruder 4 5 11,90
% 

38,09% 

Calibration 
tank 

5 11,90
% 

50,00% 

Preheater 3 7,14% 57,14% 

Puller 1 2 4,76% 61,90% 

Dryer 2 4,76% 66,67% 

Capstan 2 4,76% 71,43% 
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Accumulator 1 2,38% 73,81% 

HF1 generator 1 2,38% 76,19% 

Emergency 
stop 

1 2,38% 78,57% 

Female welder 1 2,38% 80,95% 

Cooling tank 2 1 2,38% 83,33% 

Manual binder 1 2,38% 85,71% 

Chopper 1 2,38% 88,09% 

Saw 1 2,38% 90,48% 

Welding 
station 

1 2,38% 92,86% 

Forming bench 1 2,38% 95,24% 

Dye motor 1 2,38% 97,62% 

Lack of 
lubrication 

1 2,38% 100,00% 

Total 42 100% 100% 

   
 
2.3.2 ABC Pareto method  
The Pareto method is an analysis and graphic 
representation that plays an invaluable role for 
any manager. By using numerical data, the 
manager can acquire a visual representation of 
the importance of different phenomena in 
relation to each other [6]. The Pareto method is 
applied to a factory, a production line, a piece of 
equipment, etc. in order to identify the 20% of 
machines that are the "causes" of 80% of 
stoppages that are the "results", in terms of 

stoppage time, number of breakdowns or any 
other intermediary. 
Once the work has been completed, the 80-20 
method can be used to deduce priorities for 
action. 
by projecting this method onto our Table 1 case, 
we endeavour to list the critical equipment that 
frequently breaks down, and we consider the 
number of breakdowns of each piece of 
equipment (breakdown frequency) as an 
intermediary that we calculate through. 

2.3.3 History of the "Rewinder" equipment 
Table 2: History of the winder 

 

Equipment 
 

Start of failure 
 

Start of Repair 
 

End of Repair 
 

Downtime [H:mm: ss] 
 

 
 
 
 
 
 
 
 
 
 
 Rewinder 

 

31/08/2022 
13:45 

31/08/2022 19:00 31/08/2022 21:00 7:15:00 

11/12/2022 
14:35 

11/12/2022 15:00 11/12/2022 15:15 0:40:00 

18/12/2022 
14:30 

18/12/2022 16:00 18/12/2022 17:30 3:00:00 

19/01/2023 
14:00 

19/01/2023 15:00 19/01/2023 16:00 2:00:00 

30/01/2023 
08:00 

30/01/2023 08:20 30/01/2023 09:20 1:20:00 

04/02/2023 
21:00 

04/02/2023 21:10 04/02/2023 21:50 0:50:00 

181



NeuroQuantology | April 2024 | Volume 22 | Issue 2 | Page 179-191| doi: 10.48047/nq.2024.22.2.NQ24019 
Dr. MIMOUNI Chahinez et al/ Optimising the Reliability of a Multilayer Production Line 
 
 

               eISSN1303-5150                                                                                                                                            www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

13/02/2023 
14:30 

13/02/2023 14:30 13/02/2023 15:30 1:00:00 

21/02/2023 
11:30 

21/02/2023 11:35 21/02/2023 11:55 0:25:00 

27/03/2023 
08:00 

27/03/2023 08:50 27/03/2023 12:30 4:30:00 

16/04/2023 
09:30 

16/04/2023 09:50 16/04/2023 12:00 2:30:00 

19/04/2023 
15:25 

19/04/2023 15:35 19/04/2023 17:00 1:35:00 

 
 
 
2.3.4 Calculation of uptime (MTBF)  
The MTBF is the variable used to calculate reliability. It represents the time between two failures or 
stoppages within a given period. As shown in the figure below : 
 

 
Period  

 
Break 1 Break 2 Break 3 Break4 

          

MTBF1 MTBF2 MTBF3 MTBF4 MTBF5 
Fig.2: Illustration of TBF in a period. 

 
According to this figure, for each MTBF we can deduce: 
M𝐓𝐁𝐅 = [ Date of next break] − [ Date of start of previous break] 
Using the reel's failure history, the MTBFs can be calculated: 

Table 3 : Reel uptime 
 

Number of 
MTBF 

MTBF[h]  

1 75,416 

2 131,666 

3 167,25 

4 188 

5 208,666 

6 256 

7 477 

8 764,5 

9 812,083 

10 2441,583 
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2.3.5 Estimation of real functions: F(ti)and R(ti): 
As already mentioned in previous chapters, the estimation of the real distribution function F (ti) is done by 
one of three estimation methods depending on the total number of elements in the sample N. In our case: 
N=10, estimation is therefore achievable using the median ranks method: 

                                  (1) 

 
To apply the method, it is necessary to order and rank the previous MTBFs in ascending order. Where: the 
first rank corresponds to the smallest MTBF in the sample and the last rank corresponds to the largest 
MTBF. The following table shows the application of the method: 
 
 
 

Table 4: Estimation of real functions: F(ti)and R (ti) 
 

MTBF ni Σ ni F(ti) F(ti)% R(ti) R(ti)% 

75,416 1 1 0,06730769 6,73% 0,93269231 93,27% 

131,666 1 2 0,16346154 16,35% 0,83653846 83,65% 

167,25 1 3 0,25961538 25,96% 0,74038462 74,04% 

188 1 4 0,35576923 35,58% 0,64423077 64,42% 

208,666 1 5 0,45192308 45,19% 0,54807692 54,81% 

256 1 6 0,54807692 54,81% 0,45192308 45,19% 

477 1 7 0,64423077 64,42% 0,35576923 35,58% 

764,5 1 8 0,74038462 74,04% 0,25961538 25,96% 

812,083 1 9 0,83653846 83,65% 0,16346154 16,35% 

2441,583 1 10 0,93269231 93,27% 0,06730769 6,73% 

 
3. Results and discussion 
3.1 Estimation of the theoretical distribution 
function F(t): 
In this section, we will apply one of the 
probabilistic models to the set of MTBFs, 
assuming that it is adequate, and then we will 
check whether this assumption is true or not. 
Using these probabilistic models makes the 
calculations simpler and easier to interpret. 
In order to determine the model best suited to 
the data, its parameters and to visualise its 
distribution, we use the MINITAB Statistical 
software. This is an excellent tool for performing 
a variety of statistical analyses, including, but not 

limited to, descriptive statistics, correlation and 
regression analysis (single and multiple), analysis 
of variance, time series analysis, tests of 
independence, non-parametric methods, 
principal component analysis, discriminant 
analysis, statistical quality control and 
experimental design. 
After importing the MTBF data into MINITAB, we 
compared the probability diagrams in order to 
choose the one that best fitted the data. 
According to [7] and [8], who introduced that it is 
preferable to use the estimation method: "Least 
squares (failure time X over rank Y)". 
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Fig.3: Diagram comparison results. 

According to the results obtained, the correlation coefficient of the 3-parameter Weibull distribution is 
0.978, while that of the lognormal and normal distributions is 0.974 and 0.801 respectively: as a first 
consideration, we can say that the Weibull distribution fits our data better because it has the highest 
correlation coefficient compared with the others. 
3.2 Parameter Weibull and lognormal  
The AD values are close and both test the hypothesis but P=0.446 for Weibull and P=0.541 for lognormal, 
the smaller value between them is favoured. [9] The Weibull distribution is therefore the most suitable for 
our case. 
 3.2.1 Estimation of F(t) by the Weibull model: The parameters obtained for this distribution are: 

 𝛽= 0,734908 
 𝜂= 405,939 
 𝛾= 66,4223 

Using these parameters and the relationship below, we can estimate the theoretical distribution function 
F(t): 

                                        (2) 
The values are shown in Table 5: 
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Table 5: Estimated values of theoretical F(t) by Weibull modelling 

 

Rang MTBF[h] F(t) 

1 75,416 0,05901333859 

2 131,666 0,22967560242 

3 167,25 0,301844254 

4 188 0,33786684079 

5 208,666 0,37042298635 

6 256 0,43530125162 

7 477 0,63519237053 

8 764,5 0,77450422353 

9 812,083 0,79057916451 

10 2441,583 0,9743450107 

 
Reliability is calculated using the relationship: 

                                                (3) 

The default rate per: 

               (4)                              

 
While the probability density by: 
                    

       (5) 
 

                                                 Table 6 : Estimation of functions R(t), λ(t) and f(t) 

                               

N° MTBF[h] : R(t) λ(t)  

1 75,416 0,94098666141 0,0049702857 0,004676973 

2 131,666 0,77032439758 0,00293924808 0,002264175 

3 167,25 0,698155746 0,00261891499 0,001828411 

4 188 0,66213315921 0,00249215843 0,001650141 

5 208,666 0,62957701365 0,00239056944 0,001505048 

6 256 0,56469874838 0,00221528202 0,001250967 

7 477 0,36480762947 0,00180492563 0,000658451 

8 764,5 0,22549577647 0,00156801977 0,000353582 

9 812,083 0,20942083549 0,00154084777 0,000322686 

10 2441,583 0,0256549893 0,00113337651 2,90768E-05 
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Fig. 4: Failure function F(t) 

                              
Fig.5: Reliability function R(t) 

Figure 4 shows the distribution function or failure function F(t) as a function of the uptime TBF, and it 
can be seen that its increase is relative to the increase in uptime. 
Figure 5 shows the curve of the reliability function R(t) is the inverse of F(t), decreasing in proportion to 
the increase in uptime. 
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Fig.6: Failure rate function  

 
 

                   
                                                          Fig.7 : Probability density function  
The failure rate curve shown in Figure 6 shows a progressively decreasing failure rate, with a shape 
parameter of less than 1, so we are in the first phase of the "youth" bathtub curve. This decrease is 
related to the disappearance of manufacturing imperfections little by little until the period of maturity 
and steady state are reached. 
 
The curve in the previous figure is a good indication of the distribution of failures during the periods of 
good operation. It can be seen that it is strictly decreasing and consistent with the behaviour of F(t) and 
R(t). 
3.2.2 Estimation of the MTBF function 
The MTBF parameter is calculated using the value A=12.638 equivalent to 𝛽 =0.7 [10]: 

                                           (5) 
 

MTBF=12,638× 405,939+66,4223=5196,7h 
 

From equation 6 we can therefore deduce λ: 

187



NeuroQuantology | April 2024 | Volume 22 | Issue 2 | Page 179-191| doi: 10.48047/nq.2024.22.2.NQ24019 
Dr. MIMOUNI Chahinez et al/ Optimising the Reliability of a Multilayer Production Line 
 
 

               eISSN1303-5150                                                                                                                                            www.neuroquantology.com                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

                                                             (6) 

 
                          ⇒ λ=0,000192 outage/hour
 
3.2.3 Estimation of the Reliability Function R (MTBF), failure F(MTBF), failure rate λ(MTBF) 
probability density f(MTBF): 

According to equation 3: R(MTBF)=0,0015=0,15%. 

Equation 2 gives: F(MTBF)=1−0,0015=99,85% 
We apply equation 4:   λ(MTBF)=0,00092 outage/hour  

And finally         (MTBF)=λ (MTBF) × R(MTBF) ⇒ f(MTBF)=1,38×10−6 . 
 
3.3 Maintainability: 
The maintainability M(t)of a good can be expressed by the expression: 
 

                                                     (7) 
 
Where: μ is the repair rate calculated through the MTTR by the relation: 
 

                                                          (8) 

 
Knowing that: MTTR is the average repair time, deduced by the sum of the repair times TTR and the number 
of repairs N: 
 

                                                       (9) 

 
In our case Ʃ TTR= 15 hours in 11 interventions. So: MTTR= 1.36 hour/ intervention with a repair rate μ= 
0.733. 

                                 
 

Table 7: Maintainability values as a function of the MTTR 
 

Number TTR [h] M(t) 

1 0,25 0.16744001028 

2 0,333 0.21658209303 

3 0,666 0,38625638304 

4 1 0,51953457046 

5 1 0,51953457046 

6 1 0,51953457046 

7 1,416 0,64581220069 

8 1,5 0,66696243914 

9 2 0,76915297101 

10 2,166 0,79560032282 

11 3,666 0,93192723007 
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Fig. 8: maintainability curve 

 
The figure.8 is a graphical representation of the evolution of the maintainability as a function of  
 the repair times MTTR. We notice a remarkable increase as the MTTR repair times increase. 
3.4 Availability: 
Intrinsic availability: Is expressed by the expression:                           
 

                                   (10) 

⇒A=0.99 
  
Instantaneous availability: It is given as a function of λ(t)and μ(t)by the relation:     

                  (11) 

 
The following table contains the different values of the availability A(t): 
 

Table 8: Different values of A(t) as a function of the TTR 
 

Number TTR [h] A(t) 

1 0,25 0,999959236 

2 0,333 0,999948498 

3 0,666 0,999915795 

4 1 0,99989498 

5 1 0,99989498 

6 1 0,99989498 

7 1,416 0,99987936 

8 1,5 0,999877146 

9 2 0,999868128 

10 2,166 0,99986626 

11 3,666 0,999859856 
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Fig. 9: Instant availability A(t) 
 
Through the curve in figure.9, it is observed that the decrease in the availability A(t) of the chain is 
proportional to the increase in the repair times MTTR. 
3.5 Proposals for timelines for systematic maintenance: 
The reliability law R(t) of the Weibull model allows us to calculate timelines for systematic intervention by: 
 

      ⇒                    (12) 
 
Depending on the desired value of R(t), different time intervals of interventions are given: 
 

Table 9: Systematic time to do an intervention 

R(t): 50% 60% 70% 80% 90% 

Interval for 
intervention [hours]: 

312,95 229,19 166,25 119,15 85,5 
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According to the table, the percentage of 
reliability R(t) desired depends on the systematic 
time to intervene. 
 

4. Conclusion  
The objective was to evaluate reliability, 
maintainability and availability. We have 
undertaken an essential first step by using a 
very important analytical and statistical 
method in order to identify the critical 
equipment in the chain that have a 
significant impact on its reliability. To 
evaluate the reliability, we carried out an in-
depth study using the Weibull model using 
the MINITAB software. This method allowed 
us to estimate the necessary parameters 
when evaluating reliability. Through the 
results of this method, we were able to know 
the state of the equipment and choose an 
adequate maintenance policy. 
After a reliability study by the Wei bull 
model, it was possible to deduce the phase 
of the reel on the curve assuming that it is in 
a state of youth, this phase is characterized 
by the decrease in failure rates. 
The maintainability calculations show the 
good management of the staff who were 
able to manage the situation, to reduce 
downtime. 
The disadvantage of this management is the 
lack of preventive maintenance, to correct 
this 
point, we have proposed some preventive 
actions related to intervention schedules. 
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