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Abstract 
Due to global completion in the automotive industry, productivity improve-
ment is vital in these industries. In automotive assembly lines, productivity 
loses are attributed to bottlenecks, long processing time in workstations and 
underutilization of resources. The purpose of this research is to evaluate the 
performance of the production system, analyze the bottlenecks in different 
parts of the workstation, their capacity and constraints. Also, develop differ-
ent scenarios for improvement. To achieve this objective, a simulation model 
was developed using Arena Software to analyze bottlenecks in each worksta-
tion. The analysis was based on the queue in the system to identify the longest 
queue in workstations. After analysis of the assembly line, the result showed 
that the longest waiting time observed is cab preparation and drop, bumper, 
engine subassembly fitment of soundproof with respective numbers 14.4, 13.97, 
13.00, 13.70 minutes, with respective average number waiting of 24.87%, 
17.57%, 25.91% and 23.39%. Using different scenarios for the improvement 
of the production line showed that the waiting time observed in-cab prepara-
tion and drop, bumper, engine subassembly, fitment of soundproof has greatly 
reduced for the two workstations added and three operators respectively from 
14.4 to 3.97 and 3.1, from 13.97 to 3.77 and 2.48, from 13.00 to 4.21 and 3.83, 
from 13.70 to 0.00 and 2.37 minutes, with respective average number waiting 
from 24.87% to 5% and 2%, from 17.57% to 5% and 0.9%, from 25.91% to 5% 
and 4%, and from 23.39% to 0.00% and 3%. To conclude the research study 
was able to demonstrate the modelling approach using simulation for analysis 
of a production line assembly. The contribution of this research was so enor- 
mous, this study has improved the output production up to 144%. 
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1. Introduction 

The purpose of productivity improvement in the manufacturing system is to en-
hance efficiency of employees, machines and other devices and equipment, na-
ture of raw material in the whole production system. Due to global competition 
in the automotive industry, productivity improvement remains the key challenge 
to be competitive and generate profits. 

1.1. Production System and Productivity  

Production is described as the gradual conversion of one form of material into 
another form by a chemical or mechanical process to create or improve the util-
ity of the product for the user. It is the activity by which resources, circulating 
within a defined system, are combined and processed in a controlled manner to 
provide added value in conformity with policies communicated by management 
[1]. 

Productivity is commonly defined as the ratio between the outputs to inputs 
[2], it measures the relationship between outputs such as goods and services 
produced, and inputs that include labor, capital and other resources.  

Ndungu et al. [2] emphasizes that productivity is an essential factor of eco-
nomic prosperity: higher productivity leads to higher production and the standard 
of living in the country is directly proportional to the country’s production le-
vels. With more productivity, a country is able to export and earn foreign cur-
rency that amortizes its exchange rate. 

Lanna et al. [3] describes productivity as an overall measure of the ability to 
produce a good or service. Productivity can also be defined as an index measur-
ing output (goods and services) relative to the input (labor, materials, energy, 
etc., used to produce the output). 

1.2. Improvement Methods  

Simulation is widely used for process improvement analysis and as a tool to 
solve many problems in manufacturing leading to improvements efficiency, cost 
reduction and increased profitability. A simulation is a model that imitates real-
ity. Basic steps in a simulation study include; formulating the problem, building 
the simulation model, running the model and analyzing the output [2]. Some 
improvements methods are based on a mathematical description of the process 
function to be optimized. However, it is difficult for automated manufacturing 
systems that manage in real time to describe complex control functions using 
mathematical functions. 

B. O. Svensson et al. [4] Described simulation-based optimization as a method 
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to be used when we have a complex system. For this purpose, it is necessary to 
use simulation to evaluate the performance for each set of parameter values. 
States that an essential feature of simulation-based optimization, compared to 
mathematical programming, is that of simulation the objective function is not 
explicitly known, in fact, this function is defined by the simulation model. 

Furthermore, Spieckermann et al. [5], in their study developed a method for 
improvement for a body shop in the automotive industry. The research was fo-
cused on the body shop which requires to be set up every year, therefore the 
main issue was to find an efficient method to fulfill the layout and optimize the 
cycle time. In this study, the improvement was done based on a mathematical 
formulation and an automated optimization approach. The model was based on 
metaheuristics and genetic algorithm to improve the body shop. The result showed 
that metaheuristics combined with genetic algorithm were able to detect solu-
tions that cannot be done manually.  

Bin et al. [6] in their study addressed a small set of industrial issues using are-
na simulation. The simulation was based on manufacturing system design at two 
different stages: supply chain and assembly plant. The simulation was used to 
reduce manufacturing time and to increase productivity in a company offering 
spares for light and heavy vehicles in North America.  

Furthermore, Jayaraman et al. [7] used discrete event simulation to design au-
tomotive powertrain manufacturing systems. The study was focused on a small 
part of the engine final assembly and repair area. The test was carried on a buffer 
with engines circulating continuously and entering into a test stand, or a buffer 
becomes available. The result showed an efficient optimization of the number of 
stands arrangement. The result showed much time saved using the simulation 
process and can be implemented for an entire system in the supply chain and 
production system.  

A study by Marsudi et al. [8] used Arena software to simulate a production 
system of a metal stamping industry. This study focused on evaluating the effi-
ciency and utilization of the production line based on processing time and time 
utilization in each process; for the evaluation, data was collected through obser-
vation in three workstations performing ten different processes to produce a 
single product.  

Another study was based on the production line of a meat processing industry 
using ARENA software to evaluate the production line [9]. This study was con-
ducted in Turkey to improve the production line due to growing demand. The 
manufacturing system turns raw meat into a ready to eat the product. Therefore, 
to improve the production line, different scenarios were used to produce more 
products using the same working time. The model evaluated the rates of ma-
chines and their utilization. The result of this research assisted the company to 
make the right choice based on different scenarios developed. 

In different literature it was demonstrated that production improvement re-
mains a main challenge for automotive industry to be competitive in global 
market. Therefore, different tools were used for simulation and visualization be-
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fore implementation in an actual system.  
This study is based on a case study from a X truck final assembly line. An 

analysis of the final truck assembly was made through observation of different 
process during the production. The problem was to identify bottlenecks in the 
assembly line to improve product performance. An analysis was carried out, and 
secondary data were used to develop a conceptual model. The simulation model 
framework in Figure 1 describes different steps taken to conduct this study. 

2. Methodology  

This study is based on a case study from an X truck final assembly line. The 
model was based on a x company final truck assembly line to model, simulate 
and analyze bottlenecks in the production line.  

2.1. The Modelling Approach 

This section represents the conceptual model of a final truck assembly line. The 
conceptual model was based on an observation of X truck assembly line. The 
truck assembly line of the manufacturing processes consists of 12 processes. 
Three types of data were collected during this study. The first is the layout of the 
final assembly line of a truck as described in Figure 1. 

2.2. Model Development in ARENA 

The process plant map and the processing time was developed using arena soft-
ware to analyze the throughput of the final assembly line in the automotive in-
dustry. The simulation was run for 24 hours using arena simulation software to 
yield the output of the process assembly line. For easier visualization, the entity 
was represented with trucks images to demonstrate the manufacturing process 
and see any queue in the system. Queues demonstrate the station is blocked and 
process with longer queue has higher processing time. Figure 2 shows the simu-
lation model running in the process. The simulation was made using secondary 
data and follow an exponential distribution as shown in Table 1. The second 
data is the operating time in each workstation used to simulate the model. This 
data is a secondary data collected published by M. dewa et al. [10]. 

2.3. Model Validation 

The simulation model has 05 main workstations with an initial output produc-
tion of 16 trucks day. Through the simulation using ARENA software, the pro-
duction improved from 16 trucks to 39 trucks, which is 144% improvement in 
the productivity. To validate the simulation model, a comparison was made us-
ing data published by [11] who also conducted research in truck assembly line 
with also 05 main workstations and simulate using ARENA software have 
showed that a simulation model using Arena has improved the production to 
93% higher than the initial model. Also, the cycle time reduced from 20 minutes 
per product to 8 min per product. Furthermore [12]. their study supported our  
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Figure 1. Conceptual model of the Truck Assembly line. 

 

 
Figure 2. Simulation model in Arena (run mode). 
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Table 1. Processing time in each workstation. 

Station Processing time (min) 

Engine subassembly Expo (7) 

Engine mounting Expo (8) 

Preparation of cooling pack Expo (6) 

Fitment of exhaust and gearbox Expo (8) 

Cab preparation and drop Expo (10) 

Fitment of soundproof Expo (11) 

Air cleaner assembly Expo (9) 

Mirror and mudguard mounting Expo (12) 

Fitment of fuel tank Expo (12) 

Tyres Expo (14) 

Spare and wheel Expo (15) 

Programming process time Expo (6) 

Filling with fuel Expo (6) 

Rework Expo (10) 

Bumper Expo (12) 

Head light and battery box Expo (13) 

Rear mudguard fitment Expo (12) 

Brake test Expo (11) 

 
research by improving a truck assembly line using ARENA software and imple-
mented in a real process. Their results showed that the optimal scenario led to a 
110% improvement in productivity in the simulation and 60% increase in actual 
daily production average. Therefore, based on these comparison, we can con-
clude that the model is valid and imitate a real process. 

3. Result and Discussion 
3.1. Simulation Model 

Figure 3 shows the truck produced in a final assembly line using the initial 
model. It is observed that 16 trucks were produced during this simulation pe-
riod.  

Figure 4 shows the queue in the system in terms of waiting time and number 
waiting. The longest waiting time observed is cab preparation and drop, bumper, 
engine subassembly fitment of soundproof with respective numbers 14.4, 13.97, 
13.00, 13.70 minutes, with respective average number waiting of 24.87%, 17.57%, 
25.91% and 23.39%. A queue means the process is blocked by the previous one. 
With this data, we can conclude that cab preparation and drop, bumper, engine 
subassembly, and soundproof fitment are the constraints in the system.  
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Figure 3. Number of trucks produced. 

 

 
Figure 4. Waiting time in queue. 

3.2. Improvement of the Final Assembly Line  
3.2.1. Experimental Design 
The simulation model developed from this research was used to run several ex-
perimental designs. This enabled the researcher to visualize the impact to prod-
uctivity, when entity attributes and assigned resources are changed. The experi-
mentation with independent variables was done on the computer model since it 
can very disruptive to carry out such experimentation on the actual system. The 
experimental research design allowed the researcher to control the situation and 
in so doing it allowed researchers to understand the cause and effect of each in-
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put characteristics. Table 2 shows the scenarios that were tested to establish the 
output associated with the scenario conditions. Starting with the current status 
as baseline the simulation was run and the constraint was identified in the simu-
lation. The values at the constraint were modified with due consideration to 
practical limits and where output improved, these values were adopted as the 
new baseline. The scenario that yielded the highest output was adopted for im-
plementation. 

Figure 5 displays the production output under the baseline conditions and 
after each of experimental conditions. Scenarios 3 gives the highest output of all 
the experiments.  

The independent variables in the scenario number 3 experimental design, 
were used to alter the actual system since they yielded the highest results on the 
computer simulation. The experimentation results show that optimal scenario 
has production output of 39 trucks. In order to achieve this production output, 
two operators and two extra machines were added.  

 
Table 2. Different scenarios for improvement. 

Problem Identification Scenarios 

The bottleneck in engine subassembly,  
cab preparation and drop,  
fitment of fuel and bumper. 

What if we add an extra workstation in? 
Each process of the four processes? 

The bottleneck in engine subassembly,  
cab preparation and drop,  
fitment of fuel and bumper. 

What if we add more operators? 
In the stations with longue queue? 

The bottleneck in engine subassembly,  
cab preparation and drop,  
fitment of fuel and bumper. 

What if we combime scenarios 1 and 2? 

 

 
Figure 5. Production output different scenarios.  
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Figure 5 shows the improvement model after considering different scenarios. 
As it is observed, in each workstation with a long queue a supplementary worksta-
tion was added. In addition, in each workstation, one more operator was added 
as well (Figure 6). 

3.2.2. Truck Produced after Optimization 
Figure 7 showed the trucks produced in the final assembly line after optimization. 
Therefore, as stated in Table 1, three scenarios were considered, and the best 
scenarios were chosen. The original model, which represents the final assembly 
 

 
Figure 6. Improvement model (run mode).  
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Figure 7. Trucks Produced after optimization. 

 

 
Figure 8. Improvement of the queue in the constraints.  

 
line, has 16 outputs. The optimal scenario has an output of 36 trucks produced 
that lead to the achievement of a 110% increase in productivity.  
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3.2.3. Queue in the System after Optimization 
Figure 8 shows the queue in the system in terms of waiting time and number 
waiting after optimization. The waiting time observed in-cab preparation and 
drop, bumper, engine subassembly, fitment of soundproof has greatly reduced 
after optimization using scenarios in Table 1; the best scenario was to add a pa-
rallel workstation and operators. The queue has reduced for the two worksta-
tions added and two operators respectively from 14.4 to 3.97 and 3.1, from 13.97 
to 3.77 and 2.48, from 13.00 to 4.21 and 3.83, from 13.70 to 0.00 and 2.37 mi-
nutes, with respective average number waiting from 24.87% to 5% and 2%, from 
17.57% to 5% and 0.9%, from 25.91% to 5% and 4%, and from 23.39% to 0.00% 
and 3%. We can conclude from the observation there is an improvement and 
constraint in the system were reduced.  

4. Conclusion 

In conclusion, the research study has demonstrated that arena software is a po-
werful simulation tool for modelling and productivity improvement. The overall 
objective of this study was to optimize the productivity of a truck assembly line. 
Therefore, to achieve this objective, a simulation model was made based on the 
real system by observing a truck assembly line using arena software. The result 
of the simulation model showed an output of 16 trucks. But after optimization 
using different scenarios adding trucks and operators in each workstation where 
there are constraints, the result showed a great improvement with an output of 
36 trucks, which is an improvement of 110%. Also, the queue has reduced for the 
two workstations added and two operators respectively from 14.4 to 3.97 and 
3.1, from 13.97 to 3.77 and 2.48, from 13.00 to 4.21 and 3.83, from 13.70 to 0.00 
and 2.37 minutes, with respective average number waiting from 24.87% to 5% 
and 2%, from 17.57% to 5% and 0.9%, from 25.91% to 5% and 4%, and from 
23.39% to 0.00% and 3% observed in-cab preparation and drop, bumper, engine 
subassembly, fitment of soundproof. 

Contribution to the Study  

The study contributes to the ongoing research study on different improvements 
methods used in automotive industry to make it more competitive in the mar-
ket. Therefore, through this research study using arena software, it has been 
demonstrated that arena is a powerful tool for productivity improvement in a 
truck assembly. This research study has improved the output production up to 
144%, and can be easily implemented in a real system. 

Suggestions for Further Research 

In conclusion, for visualization using animation, the researcher recommends 
that commercial arena software be a great help for further study. Also, since the 
constraint of a production system can shift from one workstation to another, its 
recommended to simulate the entire process to evaluate the overall performance. 
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In addition, due to restrictions of covid-19, it is recommended to test the im-
provement methods in a real system to evaluate any area of improvement to 
make it a standard for easy implementation.  
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