
International Journal of Industrial 
Engineering and Management

[1]	 A. Goujon, F. Rosin, S. Lamouri, R. Pellerin, and L. Joblot, “Industry 5.0 use cases development framework,” Int. J. Prod. Res., 
vol. 62, no. 17, pp. 6064–6089, 2024, doi: 10.1080/00207543.2024.2307505.

[2]	 A. Alqoud , J. Milisavljevic-Syed, and K. Salonitis, “Self-assessment model for digital retrofitting of legacy manufacturing systems 
in the context of industry 4.0,” Int. J. Ind. Eng. Manag., vol. 16, no. 3, pp. 316–336, 2025, doi: 10.24867/IJIEM-391.

[3]	 P. Kohlmann, and F. Sahling, “A flexible planning approach for integrated lot sizing and rework planning with random proportion 
of defective products,” Int. J. Prod. Res., vol. 62, no. 19, pp. 6961–6978, 2024, doi: 10.1080/00207543.2024. 2314717.

[4]	 N. Hafidi, A. El Barkany, and A. El Mhamedi, “Joint optimization of production, maintenance, and quality: A review and 
research trends,” Int. J. Ind. Eng. Manag., vol. 14, no. 4, pp. 282–296, 2023, doi: 10.24867/IJIEM-2023-4-339.

[5]	 H. BouAbid, K. Dhouib, and A. Gharbi, “Production/Preventive Maintenance Comprehensive Approach for Manufacturing 
Systems Susceptible to Quality Degradation,” Arab. J. Sci. Eng., vol. 50, pp. 11237–11256, 2025, doi: 10.1007/s13369-024-09496-
3.

[6]	 R. Arora, D. Chauhan, A.P. Singh, and A. Sayal, “Smart manufacturing system with rework and partial outsourcing for battery 
industry,” Cleaner Eng. Technol., vol. 24, 100885, pp. 1–13, 2025, doi: 10.1016/j.clet.2025.100885.

[7]	 S. Jaskó, A. Skrop, T. Holczinger, T. Chován, and J. Abonyi, “Development of manufacturing execution systems in accordance 
with Industry 4.0 requirements: A review of standard-and ontology-based methodologies and tools,” Comput. Ind., vol. 123, 
103300, pp. 1–18, 2020, doi: 10.1016/j.compind.2020.103300.

[8]	 A. Ait-El-Cadi, A. Gharbi, K. Dhouib, and A. Artiba, “Joint production, mainte-nance, and quality control in manufacturing 
systems with imperfect inspection,” J. Manuf. Syst., vol. 77, pp. 848–858, 2024, doi: 10.1016/j.jmsy.2024.10.020.

[9]	 Z. Jia, Z. Ni, and C. Ma, “Dynamic Process modeling and Real-time Performance Evaluation of Rework Production System with 
Small-Lot Order,” IEEE Robot. Autom. Lett., vol. 8, no. 5, pp. 2874–2881, 2023, doi: 10.1109/LRA.2023.3262175.

[10]	 Nesaee, M., and Nezhad, M. S. F., “Designing variables sampling plans based on the yield index S_pk,” Commun. Stat. Theory 
Methods, vol. 50, no. 3, pp. 507–520, 2021, doi: 10.1080/03610926.2019.1639742.

[11]	 K. Dhouib, A. Gharbi, and N. Landolsi, “Availability modelling and analysis of multi-product flexible transfer lines subject to 
random failures,” Int. J. Adv. Manuf. Technol., vol. 50, no. 2, pp. 329–341, 2010, doi: 10.1007/s00170-009-2487-8.

[12]	 X. Zhang, Y. Li, Y. Ran, and G. Zhang, “Stochastic models for performance analysis of multistate flexible manufacturing cells,” 
J. Manuf. Syst., vol. 55,      pp. 94–108, 2020, doi: 10.1016/j.jmsy.2020.02.013.

[13]	 D.L. De Mattos Nascimento, R.M. Nepomuceno, R.G.G. Caiado, J.M. Maqueira, J. Moyano-Fuentes, and J.A. Garza-Reyes, “A 
sustainable circular 3D printing model for recycling metal scrap in the automotive industry,” J. Manuf. Technol. Manag., vol. 33, 
no. 5, pp. 876–892, 2022, doi: 10.1108/JMTM-10-2021-0391.

[14]	 H. BouAbid, K. Dhouib, and A. Gharbi, “Integrated Production and Maintenance Policy for Manufacturing Systems Prone to 
Products' Quality Degradation,” Adv. Prod. Eng. Manag., vol. 19, no. 4, pp. 512–526, 2024, doi: 10.14743/apem2024.4.521.

References

a École Nationale d’Ingénieurs de Tunis (ENSIT), University of Tunis-ElManar, Industrial Engineering Department, Tunis, Tunisia;
b École Nationale Supérieure d’Ingénieurs de Tunis (ENSIT), University of Tunis, RIFTSI Laboratory, Mechanical Engineering 

Department, Tunis, Tunisia;
c École de Technologies Supérieure (ÉTS), C2SP Laboratory, Systems Engineering Department, Montréal, Canada

Modelling KPIs of multi-product manufacturing 
systems prone to failures, scrap, and multiple 
reworks 

A. Hajjia,b       0009-0000-0993-5441,  K. Dhouibb       0009-0000-8755-6957,

A. Gharbic,*       0000-0002-1919-9481

https://orcid.org/0009-0000-0993-5441
https://orcid.org/0009-0000-8755-6957
https://orcid.org/0000-0002-1919-9481


[15]	 International Organization for Standardization, ISO 22400-1:2014 - Automation systems and integration - Key performance 
indicators (KPIs) for manufacturing operations management - Part 1: Overview, concepts and terminology.  Geneva, Switzerland: 
International Organization for Standardization (ISO), 2014.

[16]	 N. Liu, Y. Kim, and H. Hwang, “An optimal operating policy for the production system with rework,” Comput. Ind. Eng., vol. 
56, no. 3, pp. 874–887, 2009, doi: 10.1016/j.cie.2008.09.013.

[17]	 R. Davis, and W. Kennedy, “Markovian modelling of manufacturing systems,” Int. J. Prod. Res., vol. 25, no. 3, pp. 337–351, 
1987, doi: 10.1080/00207548708919845.

[18]	 V.M. Pillai, and M.P. Chandrasekharan, “An absorbing Markov chain model for production systems with rework and scrapping,” 
Comput. Ind. Eng., vol. 55, no. 3, pp. 695–706, 2008, doi: 10.1016/j.cie.2008.02.009.

[19]	 Y.L. Chao, Y.K. Lin, and C.T. Yeh, “AMC-Based Algorithm for Network Reliability Evaluation of a Manufacturing System with 
Scrapping and Rework,” Int. J. Perform. Eng., vol. 18, no. 4, pp. 231–240, 2022, doi: 10.23940/ijpe.22.04. p1.231240.

[20]	 S. Biller, J. Li, S.P. Marin, S.M. Meerkov, and L. Zhang, “Bottlenecks in Bernoulli Serial Lines with Rework,” IEEE Trans. 
Autom. Sci. Eng., vol. 7, no. 2, pp. 208–217, 2010, doi: 10.1109/TASE.2009.2023463.

[21]	 J.M.J. Becker, J. Borst, and A. Van der Veen, “Improving the overall equipment effectiveness in high-mix-low-volume 
manufacturing environments,” CIRP Annals, vol. 64, no. 1, pp. 419–422, 2015, doi: 10.1016/j.cirp.2015.04.126.

[22]	 A. Hajji, K. Dhouib, and A. Gharbi, “Overall Equipment Effectiveness Modeling and Assessment of Additive Manufacturing 
Printing Machines,” in Advances In Additive Manufacturing: Materials, Processes and Applications II, M. Soula et al., Eds., 
Cham, Switzerland: Springer, 2025, pp. 149–162, doi: 10.1007/978-3-031-94889-3_12.

[23]	 D.L. Kimbler, R.P. Davis, J.S. Greenstein, and B.A. Watford, “A Markovian model of machine control with quality considerations,” 
Appl. Math. Model., vol. 13, no. 7, pp. 402–407, 1989, doi: 10.1016/0307-904X(89)90151-0.

[24]	 S.R. Bowling, M.T. Khasawneh, S. Kaewkuekool, and B.R. Cho, “A Markovian approach to determining optimum process target 
levels for a multi-stage serial production system,” Eur. J. Oper. Res., vol. 159, no. 3, pp. 636–650, 2004, doi: 10.1016/S0377-
2217(03)00429-6.

[25]	 C.Y. Peng, and M.T. Khasawneh, “A Markovian approach to determining optimum process means with inspection sampling plan 
in serial production systems,” Int. J. Adv. Manuf. Technol., vol. 72, pp. 1299–1323, 2014, doi: 10.1007/s00170-014-5741-7.

[26]	 G.C. Hadjinicola, “Manufacturing costs in serial production systems with rework,” J. Oper. Res. Soc., vol. 61, pp. 342–351, 2010, 
doi: 10.1057/jors.2008.186.

[27]	 M. Colledani, and A. Angius, “Production quality performance of manufacturing systems with in-line product traceability and 
rework,” CIRP Annals, vol. 69, no. 1, 365–368, 2020, doi: 10.1016/j.cirp.2020.04.018.

[28]	 A.J. De Ron, and J.E. Rooda, “OEE and equipment effectiveness: an evaluation,” Int. J. Prod. Res., vol. 44, no. 23, pp. 4987–
5003, 2006, doi: 10.1016/j.cirp.2020.04.018.

[29]	 C.C. Chen, “An objective-oriented and product-line-based manufacturing performance measurement,” Int. J. Prod. Econ., vol. 
112, no. 1, pp. 380–390, 2008, doi: 10.1016/j.ijpe.2007.03.016.

[30]	 R. Wudhikarn, “Implementation of the overall equipment cost loss (OECL) methodology for comparison with overall equipment 
effectiveness (OEE),” J. Qual. Maint. Eng., vol. 22, no. 1, pp. 81–93, 2016, doi: 10.1108/JQME-12-2011-0001.

[31]	 S. Basak, M. Baumers, M. Holweg, R. Hague, and C. Tuck, “Reducing production losses in additive manufacturing using overall 
equipment effectiveness,” Addit. Manuf., vol. 56, pp. 1–12, 2022, doi: 10.1016/j.addma.2022.102904.

[32]	 A. Hajji, H. BouAbid, K. Dhouib, and A. Gharbi, “Throughput assessment of manufacturing cells subject to random disturbances,” 
in Advances in Mechanical Engineering and Mechanics III, T. Bouraoui et al., Eds.  Cham, Switzerland: Springer, 2024, pp. 
440–447, doi: 10.1007/978-3-031-70428-4_48.

[33]	 A. Hajji, K. Dhouib, and A. Gharbi, “Performance modelling and analysis of unreliable manufacturing cells with multiple rework 
attempts and variable defect probabilities,” Arab. J. Sci. Eng., 2026, doi: 10.1007/s13369-026-11080-w.

[34]	 K. Dhouib, A. Gharbi, and N. Landolsi, “Throughput assessment of mixed-model flexible transfer lines with unreliable machines,” 
Int. J. Prod. Econ., vol. 122,   no. 2, pp. 619–627, 2009, doi: 10.1016/j.ijpe.2009.06.016.

[35]	 E. Çinlar, Introduction to Stochastic Processes. New-York, USA: Dover Publications, 2013.
[36]	 K.K. Kieselbach, M. Nöthen, and H. Heuer, “Development of a visual inspection system and the corresponding algorithm for the 

detection and subsequent classification of paint defects on car bodies in the automotive industry,” J. Coat. Technol. Res., vol. 16, 
pp. 1033–1042, 2019, doi: 10.1007/s11998-018-00178-y.

[37]	 W.D. Kelton, N.B. Zupick, and N.J. Ivey. Simulation with Arena. New-York, USA: Mc-Graw Hill, 2024.
[38]	 S. Nakajima. Introduction to TPM. Portland, USA: Productivity Press, 1988.
[39]	 E. Sousa, F.J.G. Silva, L.P. Ferreira, M.T. Pereira, R. Gouveia, and R.P. Silva, “Applying SMED methodology in cork stoppers 

production,” Procedia Manuf., vol. 17, pp. 611–622, 2018, doi: 10.1016/j.promfg.2018.10.103.
[40]	 C. Jaqin, A. Rozak, and H. Hardi Purba, “Case Study in Increasing Overall Equipment Effectiveness on Progressive Press 

Machine Using Plan-do-check-act Cycle,” Int. J. Eng., vol. 33, pp. 2245-2251, 2020, doi: 10.5829/ije.2020.33.11b.16.
[41]	 T. Facchinetti, and G. Citterio, “Application of the Overall Equipment Effectiveness to a Service Company,” IEEE Access, vol. 

10, pp. 106613-106640, 2022, doi: 10.1109/ACCESS.2022.3211266.
[42]	 E. Stefana, P. Cocca, F. Marciano, and A. Marini, “Resource Overall Equipment Cost Loss indicator to assess equipment performance 

and product cost,” Int. J. Product. Perform. Manag., vol. 73, no. 11, pp. 20-45, 2024, doi: 10.1108/IJPPM-10-2021-0615.


