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Abstract

Due to the effect of random factors such as machine failure on the
competitiveness of production organizations and the importance of
production planning, failure-prone manufacturing systems have emerged
to deal with uncertainty. In order to maintain a competitive market share
and increase productivity and safety, industrial systems have resorted to a
maintenance strategy to reduce failure rates and increased reliability.
Increasing production capacity, providing more flexibility and ensuring
customer satisfaction in terms of quantity, quality and timing have made
the use of subcontracting with a revenue sharing approach a viable option
in this study. In this research, a network of machines with relationship
limitation and failure and accidental repair is considered. To prevent
shortages, intermediate buffers and a final buffer are used. Another
important parameter is determining the optimal frequency of preventive
maintenance, which results in minimizing the cost of preventive and
corrective maintenance and repairs. The goal is to determine the optimal
production rate and preventive maintenance variables and subcontractor
variables. Discrete-event-simulation is used for this purpose. After
modeling in Arena, the best values of decision variables are obtained in
the opt-quest platform, which leads to a 22.5% reduction in total system
costs.
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Distribution Summary
Distribution: Weibull
Expression: -0.5 + WEIB{l1.59, 1.9)
Square Error: 0.010227

Chi Square Test

Humber of intervals = 3
Degrees of freedom =0
Test Statistic = B.96
Corresponding p-value < 0.005
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Schedule Utilization Average Half width Minimum Maximum
Average Average
Machine a 0/6858 0/22 0/3830 0/8238
Machine b 0/4521 0/14 0/2627 0/5379
Machine ¢ 0/4219 0/17 0/1836 0/5377
Machine d 0/2956 0/04 0/2436 0/3223
Mechanic 0/1613 0/00 0/1600 0/1644
Operator a 0/4683 0/22 0/1671 0/6075
Operator b 0/2733 0/13 0/0849 0/3584
Operator ¢ 0/3680 0/17 0/1307 0/4863
Operator d 0/1004 0/05 0/0324 0/1263
0.700
0600
W machine 3
0500 Brscet
@ machine d
0400 gzm:a
0300 ot
0200 W operator
0.100

&eio g jl ooldzw] oy L) e YK

ol 0 03> U5 S 4 it slaay i VY S5 5

Qutput
Qutput Minimum Maximum
Average Half Width Average Average
AVG Corrective Cost 897.19 3192 87282 929.20
AVG Maintenance Cost 19.8394 0.65 18.9049 20.0730
AVG Production Cost 54280 24778 195.03 T706.07
AVG Replacement Cost 2391414 15,499.81 2146 .46 3349116
AVG Shortage Cost 23811 822.06 1250.00 2930.56
AVG Supplier Cost 929151 3,683.30 423524 12075.16
AVG Supplier Profit 762825 3.023.96 347710 991360
final objective 56791 036 5.1983 5.9314
Total cost 43761.99 18,316.03 18075.09 55599.83
total profit 762825 3.023.96 3477.10 991360
45000.000
40000.000 W AVG Comeciive Cost W AVG Malntenance Cost
35000.000
20000.000 £ AVG Production Cost @ s Replacement
25000.000
[ AVG Shortage Cost @ AV Supoller Cost
20000.000
15000.000 B AVG Suppler Profit B final cojective
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5000.000 W Totsl cost O total proftt
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final objective 7.0395 210 5.7465 9.7619
[ Total cost ] [31575.90 ] 23,042.55 14162.17 57761.19
total profit 5123.84 4,517.89 1424 .54 10265.40

gl Joo 3 JS anje

final objective 5.6791 0.36 5.1983 59314
Total cost ] [ 43761.99 ) 18,316.03 18075.09 55599.83
total profit 7628.25 3,023.96 347710 9913.60
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from selling
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per unit
Optimization Running
Running Simulation 555
Replication 3 of 3
Objective Value | Status
Best Value 5.019812 |Feasible
Current Value 5456026 | Feasible
Best Simulation 457
Control Name Best Value Current Value
& 158
Kb 131 113]
& 5 o4
Kd 84| 90/
percentage of manu revenue from selling| 0.714651 0.747318
purchase Cost manu from sup per unit 834.182307| 754.667335
B ot saaie7
Sb 0.025535 0.027167
< oa6a1s 0025339
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Output Average Half Width Minimum Maximum
Average Average
AVG Corrective Cost 906/56 65/25 867/23 997/25
AVG Maintenance Cost 20/4799 1/14 18/8370 20/8907
AVG manu profit 1694/24 802/34 649/72 2281/41
AVG Production Cost 434/33 220/76 159.29 611/10
AVG Replacement Cost 17001/26 13675/33 441/92 27241/16
AVG Shortage Cost 1997/22 1012/29 611/11 2763/89
AVG Supplier Cost 6000/08 2681/09 2354/07 7759/30
AVG Supplier Profit 4581/82 2047/35 1797/63 5925/21
Final Objective 5/4457 0.48 4/8916 5/9090
Total Cost 33897/80 15556/41 14461/29 45343/97
Total Profit 4581/82 2047/35 1797/63 5925/21
35000.000
B AVG Comrective Cost I AVG Malnterance Cost
30000.000
500,000 0 AVG Maru Proft D AVG Production Cast
20000.000 o ;:': REBCEMET gy aviG Breriage Cost
15000.000 BAVE Supsler Cost B ANG Supslier Froli
10000.000 1 izl et O Total cox
5000.000
0.000 - Besteet
JHo 2l (a3 )8 S
o 2l (292 F ot
Number in Average Half Width Minimum Maximum
Average Average
Customer 1299/00 608/41 480/00 1714/00
Entity 1 24487/00 10199/69 11876/00 32894/00
Entity 2 13719/80 5161/59 7137/00 17730/00
Entity 3 4112/60 1021/63 2803/00 4900/00
Entity 4 12804/20 4962/59 6341/00 16850/00
Failure a 2372/80 152/29 2207/00 2541/00
Failure b 2978/40 1660/04 2200/00 5362/00
Failure c 221/20 23/58 193/00 236/00
Failure d 2626/40 465/31 2363/00 3269/00
PM Inspector a 1577.00 84/44 1489/00 1637/00
PM Inspector b 1601/20 7/10 1594/00 1609/00
PM Inspector ¢ 1592/40 68/60 1524/00 1659/00

PM Inspector d 1573/80 48/38 1530/00 1609/00




VEY Olin§ OPA o 5lad c0n3 3153 o ¢ inins S roke 51l ot Vof

ZE000.000

2400:0.000
Z20000.000
1&000.000
12000000
8000.000
4000.000

0.000

o 2l (2o T SSS

WSty o 5 485 o8 b oad3l s sl g oSl 4 Gl o
Pl b g Conl odd pennds disgy Gl (28 LSl Sl o2latal g (bl €y (gt
ol dgpauiio piwaw JS slaal i > (o) YYD ialS jasuine slaws g b yisgh
Olysas 9250 JyuS Casls (gl 3l (935290 (e 5 &Sy (IS b ol
I Jpamme ang aige abja Slosal candty Jro ol 3 presd glagsie o5 Lol
3,509 0 shol e plgisdy )3 g0 4 0aS g &S plasel)s doyd Gliee 9 (L Sley
Wl 0 dsnlxe laely> STyl ol ) 3

Wndloiuduy 9 (5 5 425 .0
lapias ) lnebl Cbill p (Jie Slpan 5 ) ilwdingg GhagR ol 5| San
35509 b 2l sYE ()Sley ccwlu a5 GlaSd sl dwtes (s0)g5
o ipos opl 3 Cad wadpbul Gldlhs 4 dngi b aS conl el STyl
a3 (Balal pesi g S oo g dbly Cadgis b VIl ) kS ) IS
O A5 olatl oles 8l S g Sl Syl Sl 35S | pSole jslated D wiB)S
SIS Glaysie g My de E5 e B Cwlihe pebl 8L (635290 paw
s JS sy o by Bl sl (28 ()Sley 4 bgrje slapite g &l Ky
NBleys 5> silodse 5l dn g ab odlitul daldy - e (Giloand Sl jslaie ol (sl 92
YV/0 galS 4 oS sl cundts Opt QUESE yiws ) puewas sl puito pdlio 'y g b))
Cunl 015 Bly jlaite (63130 g} Sl (Lo )3 Ab ol whesw JS sladl e (gho )y
Gty do; ) dnag 5 ST lapinghy pbul ly plesliiy wlge o

2gu5 g0 0,L31 3lg0 ol o 4 deld] )3 a8 WL CunSis Satane W95 (clapianas
Sl layBl > (58 () Sleyy Sl edlatl (Sl -

(laSids oSl dnine gl sl § ol Bl wyy g Caodd F i A Al lold -

Axitne B Sl )3 Cgane SV guae CUiSSl sl (oS 2 Sl ST o) -
'(_S‘d\S{-M" - § -



YoV

10.

11.

12.

13.

14.

(O8en 5 551 25) oo (Sl (5Lt — (Sl Jiko 1)

Fal%)
Afshar-Bakeshloo, M., Bozorgi-Amiri, A., Sajadi, S. M., & Jolai, F. (2018). A
multi-objective Environmental Hedging Point Policy with customer satisfaction
criteria. Journal of Cleaner Production, 179, 478-494.
Aiassi, R., Sajadi, S. M., Hadji-Molana, S. M., & Zamani-Babgohari, A. (2020).
Designing a stochastic multi-objective simulation-based optimization model for
sales and operations planning in built-to-order environment with uncertain
distant outsourcing. Simulation Modelling Practice and Theory, 104, 102103.
Amelian, S., Sajadi, S. M., & Alinaghian, M. (2015). Optimal production and
preventive maintenance rate in a failure-prone manufacturing system using
discrete event simulation. International Journal of Industrial and Systems
Engineering, 20(4), 483-496.
Seyed Bathaee, M. S., Ghahremani-Nahr, J., Nozari, H., & Najafi, S. E. (2022).
Designing a Mathematical Model of a Collaborative Production System Based
on Make to Order under Uncertainty. Journal of Industrial Management
Perspective, 12(Issue 1, Spring 2022), 193-224. doi: 10.52547/jimp.12.1.193 (In
persian)
Dror, Moshe, Kenneth R. Smith, and Candace Arai Yano. Deux Chemicals Inc.
Goes Just-in-Time. Interfaces 39.6 (2009): 503-515.
Glock, C.H., 20136- Berg, M., Posner, M.J.M., Zhao, H. (1994). Production-
inventory systems with unreliable machines. Oper. Res. 42(1), 111-118.
Hafidi, N., EI Barkany, A., & Mahmoudi, M. (2018). Modelling and
Optimization of Integrated Planning of Production and Maintenance with
Subcontract Constraint. International Journal of Engineering Research in Africa
40, 184-203.
Hajej, Zied, Nidhal Rezg, & Ali Gharbi. (2014). Forecasting and maintenance
problem under subcontracting constraint with transportation
delay." International Journal of Production Research, 52(22), 6695-6716.
Haoues, M., Dahane, M., & Mouss, N. K. (2019). Optimization of Single
Outsourcer—Single Subcontractor Outsourcing Relationship under Reliability and
Maintenance Constraints. Journal of Industrial Engineering International.
Hatami-Marbini, A., Sajadi, S. M., & Malekpour, H. (2020). Optimal control and
simulation for production planning of network failure-prone manufacturing
systems with perishable goods. Computers & Industrial Engineering, 146,
106614.
Kenné, J. P., Gharbi, A., & Boukas, E. K. (1997). Control policy simulation
based on machine age in a failure prone one-machine, one-product
manufacturing system. International Journal of Production Research, 35(5),
1431-1445.
Keynia F. (2017). Preventive and Corrective Maintenance to the Lifetime
Efficiency of Power Transformer Considering the Effect of Aging on Reliability.
Journal of Engineering & Mnagement., 7(3), 20-31 (In persian)
Khairy, A. H. K. (2008). Complex System Maintenance Handbook. Springer
Science & Business Media.
Khatab, A. (2018). Maintenance optimization in failure-prone systems under
imperfect preventive maintenance. Journal of Intelligent Manufacturing, 29(3),
707-717.



YOA

VFoY Olinsy oFA ol AVAJ).‘}J J (e g ke )'\J;"r..':a;

15. Malekpour, H., Sajadi, S. M., & Vahdani, H. (2016). Using discrete-event
simulation and the Taguchi method for optimising the production rate of network
failure-prone manufacturing systems with perishable goods. International
Journal of Services and Operations Management, 23(4), 387-406.

16. Peymankar, M., Dehghanian, F., Ghiami, Y., & Abolbashari, M. H. (2018). The
effects of contractual agreements on the economic production quantity model
with machine breakdown. International Journal of Production Economics, 201,
203-215.

17.Rad, M. F., Sajadi, S. M., & Kashan, A. H. (2015). Determination of optimal
production rate in stochastic manufacturing systems by simulation optimisation
approach. International Journal of Industrial and Systems Engineering, 20(3),
306-322.

18. Rivera-Goémez, H., Gharbi, A., Kenné, J. P., Montafio-Arango, O., & Hernandez-
Gress., E. S. (2018). Subcontracting Strategies with Production and Maintenance
Policies for a Manufacturing System Subject to Progressive Deterioration.
International Journal of Production Economics, 200, 103-118.

19. Rivera-Gomez, Héctor, et al. (2016). Production control problem integrating
overhaul and subcontracting strategies for a quality deteriorating manufacturing
system. International Journal of Production Economics, 171, 134-150.

20. Sadat khansari, E., Haji Molana, M., Sajadi, M., (2017). Designing an integrated
fuzzy simulation model to optimize preventive maintenance and repairs of multi-
product manufacturing businesses. 14th International Industrial Engineering
Conference, IIEC14_338 (In persian)

21. Taheri, S., Mokhtari, H., Fallahi, A. (2021). An Economic Production Quantity
Model with Probabilistic Machine Breakdown and Multiple Shipments Policy.
The Journal of Industrial Management Perspective, 11(4), 223-252. (In persian)

22.Tavan, F., & Sajadi, S. M. (2015). Determination of optimum of production rate
of network failure prone manufacturing systems with perishable items using
discrete event simulation and Taguchi design of experiment. Journal of
Industrial Engineering and Management Studies, 2(1), 16-26.

23.Mousavi, S., Sajadi, S., AlemTabriz, A., Najafi, S. (2021). Designing a
Hierarchical Network of Temporary Urban Medical Centers in a Disaster
through a Hybrid Approach of Mathematical Model — Simulation. The Journal of
Industrial Management Perspective, 11(2), 99-124. (In persian)


https://en.civilica.com/papers/l-8738/
https://en.civilica.com/papers/l-8738/

