Ind. Manag. Persp. 2024, 14(4), 68-97; doi: 10.48308/JIMP.14.4.68

Industrial

Industrial Management Perspective perspectve

Journal hompage: https://jimp.sbu.ac.ir/?lang=en

Original Article

Analyzing and Improving Production Line Efficiency
Using Simulation in the Auto Parts Industry

Ehsan Poorali Malabad
Nasser Motahari Farimani
Azam Modares
Kimia Abdari

Extended Abstract

Introduction: Paying attention to the production and productivity of industries can accelerate industrial
growth and development while guiding it on a correct and sustainable path. Evaluating production efficiency
and striving to improve it play a crucial role in the progress and advancement of industries. This study proposes
an innovative approach to evaluate and improve the efficiency of a production line using simulation as the
primary tool and also addresses the reengineering of production line processes. The main objectives of this
research include identifying bottlenecks in the production process, analyzing production cycle times,
evaluating buffer capacities within specified time intervals, and determining the optimal resource capacities
required in the factory.

Methods: This research examines and models a fully automated production line and provides a systematic
framework based on discrete-event simulation. The modeling process was conducted in two stages. In the first
stage, rework and separation activities were excluded from consideration, while in the second stage, these
details were incorporated into the model. In this phase, real data collected from a case study were applied to
the model. To ensure the accuracy of the designed model, the logic of the modeled process was continuously
reviewed, and the model's outputs were compared with actual system data. After identifying the factors
contributing to reduced production line efficiency, four improvement scenarios were proposed and analyzed
using the simulation model. Arena software was utilized to evaluate the scenarios and conduct sensitivity
analyses.
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Results and discussion: The results reveal that incorporating details such as operator break times and
downtimes into the simulation model—bringing it closer to reality—reduced the production line efficiency
from 80% to 57%. Rework and separation activities also significantly impacted the efficiency. Four
improvement scenarios were designed and evaluated within the optimized model. In the first scenario, changes
in resource capacities related to the main processes were thoroughly examined, leading to a significant
reduction in waiting times in process queues and overall process duration. In the second scenario, reducing the
percentage of parts sent to rework and separation resulted in a considerable improvement in production
efficiency. The third scenario focused on minimizing process time by determining optimal control variable
values, while the fourth scenario aimed to maximize efficiency by optimizing resource capacities. In all
scenarios, increasing resources at bottleneck activities, through logical and balanced combinations,
significantly enhanced process efficiency. Sensitivity analysis confirmed the practical applicability of the
improvement scenarios in real-world conditions.

Conclusion: The findings indicate that discrete-event simulation is an effective tool for managers, enabling
them to make informed decisions about improving production efficiency without incurring irreversible costs.
Additionally, the results align closely with prior studies that have utilized discrete-event simulation to optimize
various organizational processes, further confirming the positive impact of this approach on improving process
performance.
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|Part EF7 |
Time Average Half Width Minimum Maximum
Total Time 1.477.59 (Correlated) 183.39 3,389.25
Wait Time 1.468.17 (Correlated) 174.84 338002
VA Time 8.4182 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
NVA Time 0.00 0.000000000 0.00 0.00
Cost Average Half Width Minimum Maximum
Wait Cost 0.00 0.000000000 0.00 0.00
VA 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 0.00
Other Cost 0.00 0.000000000 0.00 0.00
NVA Cost 0.00 0.000000000 0.00 0.00
Other Value
Number In 6,651
Mumber Cut 5,245
WIrP 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 ]

Resource Detail Summary

Usage

Ingt Util NumBusy  Num Sched  Num Seized Sched Ut
Machine A07 0.08 0.08 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 0.22
Machine A140 0.18 0.18 1.00 5,245.00 0.18
Machine A20 0.39 0.38 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 AG0 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 AD7.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 4.43
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 041
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|Replication 1 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 0.43 043 1.00 5,363.00 0.43
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
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Replication 1 Start Time: 0.00  Stop Time 14,400.00  Time Units: Minutes I

Queue Detail Summary

Time

Waiting Time Number Waiting
Process AD7.Queue 86.27 51.13
Process A10.Queue 993,12 623,85
Process A100.Queue 31.50 11.65
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 AT0.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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Animation View 07:00:00
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