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Extended Abstract

Introduction: Paying attention to the production and productivity of industries can, while
accelerating industrial growth and development, guide it on a correct and principled path. Evaluating
production efficiency and improving it play a highly effective role in the growth and development of
industries. This study proposes an approach to evaluate and improve the production efficiency of a
production line using simulation and addresses the reengineering of the production line process. The
main objectives of this research are to identify bottlenecks, examine the production cycle time and
buffer capacities within a specific time unit, and determine the required resource capacity in the
factory.

Methods: This paper examines a production line with fully automated machinery, providing a
systematic research implementation based on discrete-event simulation. Modeling of the production
line was conducted in two steps. In the first step, rework and separation activities were not considered,
while in the second step, these details were added to the model. In this phase, real data collected from
a case study were applied to the model. To verify the accuracy of the designed model, the logic of the
modeled process was continuously reviewed, and the model outputs were compared with the actual
system. After identifying factors contributing to decreased production line efficiency, four proposed
scenarios were evaluated within the improvement model to enhance production line efficiency.
Arena’s capabilities were used to assess the improvement scenarios and conduct sensitivity analysis
on them.
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Results and discussion: The results indicate that after incorporating activities such as operator break
times, downtimes, and adjustments into the model, which bring the designed model closer to reality,
the efficiency decreased from 80% to 57%. Rework and separation activities also had a significant
impact on the model's efficiency. In the optimized model, four improvement scenarios were applied.
In the first scenario, by thoroughly examining the changes in resource capacities related to main
processes in a combined model, the waiting time of entities in process queues was significantly
reduced, and the overall process time was noticeably shortened, leading to a more efficient workflow
and improved operational performance. In the second scenario, reducing the percentage of parts sent
to separation and rework was thoroughly examined, showing a considerable increase in overall
operational efficiency. This approach highlighted the importance of minimizing unnecessary
processing steps. In the third scenario, improvement was pursued by defining the objective as
"determining control variable values to minimize process time," and the fourth scenario aimed at
"determining optimal resource capacities to maximize overall efficiency and enhance productivity."
After identifying control and response variables, these scenarios also demonstrated that strategically
increasing the resources for processes identified as bottlenecks, in a balanced and logical
combination, significantly improves overall process efficiency and reduces potential delays
effectively. Sensitivity analysis further indicated alignment of the scenarios with real-world
conditions.

Conclusion: The findings revealed that the use of discrete-event simulation can greatly assist
managers in making informed decisions on how to improve production efficiency, without incurring
irreversible costs. Furthermore, the results are consistent with previous research that utilized discrete-
event simulation to enhance various organizational processes.
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|Part EFT ]

Time Average Half Width Minimum Maximum
Total Time 1477.59 (Correlated) 183.39 3,389.25
Wait Time 1.469.17 (Correlated) 174.84 3,380.92
VA Time 84182 0.003038545 8.0664 8.8129
Transfer Time 0.00 0.000000000 0.00 0.00
Other Time 0.00 0.000000000 0.00 0.00
MNVA Time 0.00 0.000000000 0.00 0.00

Cost Average Half Width Minirmurm Maximum
Wait Cost 0.00 0.000000000 0.00 0.00
Vit Cost 0.00 0.000000000 0.00 0.00
Transfer Cost 0.00 0.000000000 0.00 0.00
Total Cost 0.00 0.000000000 0.00 Q.00
Other Cost 0.00 0.000000000 0.00 0.00
MNVA Cost 0.00 0.000000000 0.00 0.00

Other Value
Nurmber In 6,651
Mumber Qut 5,245
wIP 646.05 (Correlated) 0.00 1,530.00
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Replication 1 Start Time: 0.00 Stop Time:  14,400.00  Time Units: Minutes I

Resource Detail Summary

Usage

Ingt Util Num Busy  NumSched  Num Seized Sched Ut
Machine AO7 0.09 0.09 1.00 6,332.00 0.08
Machine A10 043 043 1.00 6,245.00 043
Machine A100 0.18 0.18 1.00 5,246.00 0.18
Machine A110 0.00 0.00 1.00 5,245.00 0.00
Machine A120 0.10 0.10 1.00 5.245.00 0.10
Machine A130 0.22 0.22 1.00 5,245.00 022
Machine A140 0.18 0.18 1.00 5,245.00 0.18
Machine A20 0.39 0.39 1.00 5.633.00 0.39
Machine A30 0.38 0.38 1.00 5,605.00 0.38
Machine A40 0.34 0.34 1.00 5,549.00 0.34
Machine ASO 043 043 1.00 5,337.00 043
Machine A60 042 0.42 1.00 5,249.00 042
Machine A70 0.04 0.04 1.00 5,246.00 0.04
Machine AS0 0.02 0.02 1.00 5.246.00 0.02
Operator A10 0.82 0.82 1.00 11,878.00 0.82
Operator A120 0.50 0.50 1.00 15,735.00 0.50
Operator A30 0.72 0.72 1.00 11,154.00 0.72
Operator A50 0.85 0.85 1.00 10,586.00 0.85
Operator A70 0.34 0.34 1.00 27,315.00 0.34
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|Replication1 Start Time: 0.00 Stop Time: 14,400.00  Time Units: Minutes I

Queue Detail Summary

Time

Waiting Time
Process AQ7.Queue 31.85
Process A10.Queue 42479
Process A100 Queue 0.93
Process A110.Queue 0.93
Process A120.Queue 3.25
Process A130.Queue 443
Process A140.Queue 475
Process A20.Queue 589.35
Process A30.Queue 129.21
Process A40.Queue 151.21
Process AS0.Queue 102.80
Process AB0.Queue 116.59
Process A70.Queue 3.22
Process A90.Queue 0.41
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lRepIication1 Start Time: 0.00 Stop Time:  14,400.00  Time Units: Minutes I

Resource Detail Summary

Usage

Inst Util Num Busy Num Sched Num Seized Sched Util
Machine AQ7 0.12 0.12 1.00 8,534.00 0.12
Machine A10 0.50 0.50 1.00 7,340.00 0.50
Machine A100 0.18 0.18 1.00 5,311.00 0.18
Machine A110 0.00 0.00 1.00 5,301.00 0.00
Machine A120 0.10 0.10 1.00 5,197.00 0.10
Machine A130 0.21 0.21 1.00 5,133.00 0.21
Machine A140 0.17 0.17 1.00 4,899.00 0.17
Machine A20 0.39 0.39 1.00 5,576.00 0.39
Machine A30 0.37 0.37 1.00 5,449.00 0.37
Machine A40 0.33 0.33 1.00 5,368.00 0.33
Machine AS0 043 043 1.00 5,363.00 043
Machine A60 043 043 1.00 5,359.00 043
Machine A70 0.05 0.05 1.00 5,336.00 0.05
Machine AS0 0.02 0.02 1.00 5,321.00 0.02
Operator A10 0.89 0.89 0.89 12,916.00 0.99
Operator A120 0.87 0.87 0.89 17,067.00 0.98
Operator A30 0.70 0.70 0.89 10,817.00 0.78
Operator A50 0.86 0.86 0.89 10,722.00 0.96
Operator A70 0.79 0.79 0.89 33,741.00 0.88
QC Operator 0.04 0.04 1.00 4,899.00 0.04

(P32 PB) o 0 bupo (29)5 )+ K3

JB B L pB pl 3 o] o (gla il o dunlie o & JSK5 50 od 03l yiules CleMbl 4y dagi il 5ildy 4 bgy e cileMb
Oy &8 Cunl 03,8 1o ioli8l a9 BB e 4 AVEe g AV AV oK) (o3l y oloj B oyl p3 45" A5 dngie g5 oo
0d5 yoSde sloolKiw] Cao y Hlasl loj Lial33l 4 pmie a8 el lakad (6,50,bgd cllad a4 AVY e il ) a1y o ede
255 50 i ol lgie |y ol g e a8 W0 1) LB g hily loj it AV g AVe claolSin! b ailon o]
iS4y e 483y 22 4 ol ] iy )3 lobad il o )3 (28 BB s g0 i o llatl loj el b .85
Bzl (gillier 4 55 s ST (298 Slabad 1i2)d AV & S35 L) o8 0l U ol AD ol 023 9 B3 oo} g JiB



Qg b oyl pins S sla g 80,0 pbxl (gl oYL Sl Nlgi oo &S Canwl 00 LmJ Sho ) YA (5)50)Lgd ploxdl &y yomie oS
2k gy osled (YL o

Oy by AY« g AVe gl pilo il )3 8 (0 oS jglailen dacio 4 bgsye Sledbl 4 d g b tlacho 4 by yo cleMbl
Olee 4 g ooy o] 93 pl 45" Cunl gadge () Al sdiad lis &S ALl o Ciuo y dslad Dl st 9 oy el loj e
Ao o i |y acas 4y bayye leMbl VY IS5 .08 S a5 ) piws (slolS g8

Replication 1 Start Time: 0.00  Stop Time 14,400.00  Time Units: Minutes I

Queue Detail Summary

Time

Waiting Time Number Waiting
Process AOT.Queue 86.27 51.13
Process A10,Queue 993,12 62385
Process A100.Queue 31.50 11.85
Process A110.Queue 27.72 10.23
Process A120.Queue 172,09 63.78
Process A130.Queue 179.50 65,09
Process A140.Queue 178.85 65.67
Process A150.Queue 0.00 0.00
Process A20.Queue 956.53 553.42
Process A30.Queue 145.40 5571
Process A40.Queue 161.22 60.52
Process AS0.Queue 251.56 93.69
Process AG0.Queue 267.07 99.39
Process A70.Queue 46.86 17.40
Process A90.Queue 36.67 13.60
Rework Queue 172.65 2272
Separating.Queue 56.60 15.49
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