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Abstract

The study presents an innovative approach of investigating and predicting the reliability of a K- unit configuration system. This
novel approach investigated the major systems on each production line, in order to predict their optimal reliability for their
respective hour of operation. The series network framework consists of a rinser machine, filler machine, capping machine,
labeling machine and coding machine. The reliability of each system was evaluated by assuming a failure rate,
A = 0.04per hour 1y each subsystem and the mean time to failure was equally evaluated. Based on the calculation using the
predicted model, at a mission hour of 24,168,312 and 456 hours, the respective reliabilities were; 0.3829, 0.0012, 0.0000038 and
0.000000012. The result showed that the reliability of the system decreases drastically with increasing mission time. Based on
this result, the productivity of the plants is expected to be very low, hence the need to improve the reliability. The result also
showed that the predicted model is good and efficient in predicting and improving plant performance. Further to this result, the
reliability of the bottling machines can be improved by applying the developed model.
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It is a regular occurrence in practice that, engineering components’ performance in operation is always low
compared to the theoretical design strength irrespective of the environment and factors that they are subjected to
while in service [1]. These factors include; poor material selection, casting defects, inadequate maintenance and
design deficiencies [2]. This become expedient for failure analyst to properly look into the failure behavior of these
engineering components, in order to avert, reduce and /or improve on the performance of the components and the
entire system or machine [3]. For reliability improvements of processes and machines in additive manufacturing
industries, Failure mode and effect analysis (FMEA) used with fault tree analysis (FTA) have proved effective and
reliable in predicting the hazards rate of system failure as well as improving the system performance [4]. Also, [5,
6,7,8] showed that hybrid (Fuzzy FMEA) has effectively eliminate the inherent uncertainties associated with failures
in liquefied hydrogen gas tankers as well as water gasification. In fact, Failure mode and effects analysis technique
was employed in geothermal power plants to detect the potential hazards caused by failure mode in order to enhance
power production [9].

Furthermore, Failure mode and effects analysis (FMEA) technique has proven effective in revealing the potential
causes of failures in thin-film technology production [10]. Also, [11] showed that the result of the critical
investigation of potential failures and its consequences in heating ventilation and air conditioner (HVAC) system
using Failure mode and effects analysis (FMEA) had improved the convenience of the occupants as well as its
operation and maintenance. On the same hand fuzzy based Failure mode and effects analysis (FMEA) technique was
used to reduce the possibilities of accident occurrence in aircraft landing device. However, the reliability of the
technique has not been found satisfactory based on the severity of failure of component [12]. Consequently, [13]
noted that the reliability of photovoltaic equipment has been on the decrease due to the presence of several failure
mode resulting from the presence of humidity on the equipment. More so, noise and vibration increases the wear
rate of engineering component in service, thus reducing the reliability at large [14]. In addition, distortion of
hardness and toughness eventually affect the fatigue properties of engineering component. Thus the possibility of a
machine or component performing better becomes difficult [15, 16,17]. Certainly, Failure mode and effects analysis
(FMEA) is a good technique for evaluation of system reliability. However, it has limitations in some applications
where frequency of failure is high. Therefore, the aim of this research is to develop a predictive model for assessing
the reliability of bottling plants using K-unit reliability evaluation technique. Also, to determine the respective
reliability of the plants per week using the model in order to justify its importance over existing model.

Nomenclature

“r- failure rate of the rinser machine
AF _failure rate of the filler machine
“¢ _failure rate of the capper machine
“L failure rate of the labeler machine
45 _total failure rate of the system

E_denote the successful operation of each unit
Ez- successful operation of the Rinser machine
Er _successful operation of the filler machine
Ec successful operation of the capper machine
EL
RS‘

-successful operation of the labeler machine

-series system reliability

Eg

Er
Ec
E

P(Eg) -probability of occurrence of event
P(Ef )

P(E; )
P(E.)

-probability of occurrence of event
-probability of occurrence of event

-probability of occurrence of event
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Rj(t) - Reliability of unit j at time t

Rs (1) . system reliability at time t

is the series system mean time to failure

R, F, C,L Rinser, Filler, Capper and Labeller machines
FMEA: Failure mode and effect analysis

2. Materials and Method

2. 1.1Modelling of the system reliability

3

Rinser (‘;LR ) Filler (A7) Capper(‘;l' ) Labeller (‘;LL

Fig.1. K-Unit Assembly of Bottling Plants.

Consider a K-unit configuration of the bottling plants shown in figure 1. Some assumptions were utilized for
effective modelling practice. These assumptions are that the line is composed of four (4) identical systems in series,
the failure rate is constant for each system and sub-system denoted by A and all unit must function under a
recommended operating speed for the successful operation of the bottling line. Since the failure rate for each
machine is assumed to be 4, the total failure rate for a system in series is given by [18]:

Ag=Ag + A +A+4, 1)

R; = P(E; Ez E-E}) denote the occurrence probability of events Eg Ex E- E
If the above machines fail independently; equation (1) becomes

Rs;=P(Eg) P(Ez ) P(E. ) P(E,) 2
Equation (2) becomes;

For constant failure rate A ; of each unit, from equation (1) i.e. A ; (t)=4 y
We have R (1) = e () 4)

Substituting equation (4) into equation (3)
RS (tj = g —Ag (t) LB —Ag(t) B —Ag(t) £ —Ag(td

i
R (t) = e Zi=4i® 5)
2. 1.2 Modelling of the system mean time to failure (MTTF)

From equation (5)
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o= TR 3.
MTTF; = [ eZ=1%i* dt [18): (6)
Integrating equation (6) within the interval of 0-22 gives:
1
MTT&:E}‘-’zidJ- @)

2.2 Determination of the Reliability and Mean Time to Failure of the bottling machines

The machines are identical, independent in configuration and in series. From experience, assuming that we have one
1

(1) failure per day from any of the machines, then failure rate can be obtained as P 0.04 failure per hour,

A = 0.04per hour. For different hours of operation, substituting the values into equation (5) gives the reliability

of the machine. Substituting the failure rate into equation (7) gives the mean time to repair of the series system

This amounts to 6.25 hours.

3. Results and Discussion

== Reliability of machines === Reliability of machines
» 0.6 0.0015
@ @
£ 04 £ o001
@ ]
E 02 £ 0.0005
[=] [=]
£ o z 0
E 0 50 100 150 200 g 0 100 200 300 400
& Mission hours of machines & Mission hours of machines
Fig.2. Plot of Reliability against Mission hours of Machines Fig.3. Plot of Reliability against Mission hours of Machines
for week1 for week 2
- Reliability of machines ——Reliability of machines
,, 0.000004 g =t
O £
= =
% 0.000003 é 1E-08
= 0.000002 S
S 0.000001 Z SE09
£
2 -
= 0 :
£ 3
= 0 200 400 600 0 200 400 600 800
o Mission hours of machines Mission hour of machines
Fig.4. Plot of Reliability against Mission hours of Machines Fig.5. Plot of Reliability against Mission hours of Machines

for week3 for week 4



Enesi Y. Salawu et al. / Procedia Manufacturing 35 (2019) 91-96 95

Figure 2, presents the plot of reliability versus mission hours of machine operation for week 1. It can be deduced
from the plot that the reliability of the machine reduced with an increasing mission hours of machine operation. A
typical inference that can be drawn from the plot, reliability of the machine at 24 hours of operation was found to be
0.3829 compared to when the mission hours of the machine was increased to 144hours having a drastic drop in
reliability of 0.0032. This implies that the machines are not performing according to the required efficiency reasons
could be downtime. More so, figure 3, also represent the variation of reliability with mission hours of machine
operation for week 2. It was observed from the fig.3 that the same trend of geometric decrease in reliability showed
forth as mission hours was increased. Further to these, reliability at 288 hours was found to be 0.0000099 indicating
poor performance of the machines. However, figures 4-5, present the plot of reliability versus mission hours for
weeks 4 and 5. From the two plot, it was observed that the fall in reliability was at a geometric progression. With
machine reliability at 432hours being 0.000000031 for week 4 and reliability at 576hours being 0.000000000099.

Conclusion

A predictive model was developed using K-Unit approach for reliability evaluation. The model was applied to
evaluate the reliability of bottling plants assembled in series with variations in hours of operation for four (4) weeks.
The result revealed the geometric fall in reliability with increasing mission hours in each of the week, with week 4
having the lowest performance. Based on the result of the calculations using the model, it was possible to say that
the machines’ performance was not good compared with expected target. Running the machines for longer hours
without adequate planned maintenance will eventually lead to increased equipment downtime. Adequate
maintenance of the bottling machines would be needed to improve on the machine reliability. Therefore, predictive
model was useful in evaluating the reliability of bottling plants.

Acknowledgement
The authors wished to acknowledge the management of Covenant University for their part sponsorship and
contribution made to the success of the completion of this research paper.

Reference

[1] Salawu, E. Y., Okokpujie, I. P., Afolalu, S. A., Ajayi, O. O., & Azeta, J. (2018). INVESTIGATION OF PRODUCTION OUTPUT FOR
IMPROVEMENT. International Journal of Mechanical and Production Engineering Research and Development, 8(1), 915-922.

2] Salawu, E. Y., Ajayi, O.0, Olatunji, O. O.(2015). Theoretical Modelling Of Thermal-Hoop Stress around The Tooth Of A Spur Gear In
A Filler Machine. Journal of Multidisciplinary Engineering Science and Technology (JMEST) ISSN: 3159-0040 Vol. 2 Issue 7, July —
2015.

[3] Qian, Z., Shenyang, L., Zhijie, H., & Chen, Z. (2017). Prediction Model of Spare Parts Consumption Based on Engineering Analysis
Method. Procedia engineering, 174, 711-716.

[4] Peeters, J. F. W., Basten, R. J. 1., & Tinga, T. (2018). Improving failure analysis efficiency by combining FTA and FMEA in a recursive
manner. Reliability engineering & system safety, 172, 36-44.

[5] Ahn, J., Noh, Y., Park, S. H., Choi, B. 1., & Chang, D. (2017). Fuzzy-based failure mode and effect analysis (FMEA) of a hybrid molten
carbonate fuel cell (MCFC) and gas turbine system for marine propulsion. Journal of Power Sources, 364, 226-233.

[6] Adar, E., Ince, M., Karatop, B., & Bilgili, M. S. (2017). The risk analysis by failure mode and effect analysis (FMEA) and fuzzy-FMEA
of supercritical water gasification system used in the sewage sludge treatment. Journal of Environmental Chemical Engineering, 5(1),
1261-1268.

[7] Dagsuyu, C., Gogmen, E., Narli, M., & Kokangiil, A. (2016). Classical and fuzzy FMEA risk analysis in a sterilization unit. Computers
& Industrial Engineering, 101, 286-294.

[8] Renjith, V. R., Kumar, P. H., & Madhavan, D. (2018). Fuzzy FMECA (failure mode effect and criticality analysis) of LNG storage
facility. Journal of Loss Prevention in the Process Industries.

[9] Feili, H. R., Akar, N., Lotfizadeh, H., Bairampour, M., & Nasiri, S. (2013). Risk analysis of geothermal power plants using Failure
Modes and Effects Analysis (FMEA) technique. Energy Conversion and Management, 72, 69-76.

[10] Delgado-Sanchez, J. M., Sanchez-Cortezon, E., Lopez-Lopez, C., Aninat, R., & Alba, M. D. (2017). Failure mode and effect analysis of



96

[11]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

Enesi Y. Salawu et al. / Procedia Manufacturing 35 (2019) 91-96

a large scale thin-film CIGS photovoltaic module. Engineering Failure Analysis, 76, 55-60.

Yang, C., Shen, W., Chen, Q., & Gunay, B. (2018). A practical solution for HVAC prognostics: Failure mode and effects analysis in
building maintenance. Journal of Building Engineering, 15, 26-32.

Yazdi, M., Daneshvar, S., & Setareh, H. (2017). An extension to fuzzy developed failure mode and effects analysis (FDFMEA)
application for aircraft landing system. Safety science, 98, 113-123.

Villarini, M., Cesarotti, V., Alfonsi, L., & Introna, V. (2017). Optimization of photovoltaic maintenance plan by means of a FMEA
approach based on real data. Energy Conversion and Management, 152, 1-12.

Okokpujie, I. P., Okokpujie, K., Salawu, E. Y., & Ismail, A. O. (2017). Design, Production and Testing of a Single Stage Centrifugal
Pump. International Journal of Applied Engineering Research, 12(18), 7426-7434.

Afolalu, S. A., Salawu, E. Y., Okokpujie, I. P., Abioye, A. A., Abioye, O. P., Udo, M., ... & Ikumapayi, O. M. (2017). Experimental
Analysis of the Wear Properties of Carburized HSS (ASTM A600) Cutting Tool. International Journal of Applied Engineering
Research, 12(19), 8995-9003.

Orisanmi, B. O., Afolalu, S. A., Adetunji, O. R., Salawu, E. Y., Okokpujie, I. P., Abioye, A. A., ... & Abioye, O. P. (2017). Cost of
Corrosion of Metallic Products in Federal University of Agriculture, Abeokuta. International Journal of Applied Engineering Research,
12(24), 14141-14147.

Ajayi, O. O., Agarana, M. C., & Animasaun, T. O. (2017). Vibration Analysis of the Low Speed Shaft and Hub of a Wind Turbine
Using Sub Structuring Techniques. Procedia Manufacturing, 7, 602-608.

Dhillon, B. S. (2006). Maintainability, maintenance, and reliability for engineers. CRC press.



