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ABSTRACT 
 
At present, the manufacturing sector, there is an increase in 
competition, emerging markets, the rise of competitors in the 
region and competing countries with the availability of wages 
creating an impact on the contractors in terms of cost, quality 
and production capability which makes the production model 
in use today. There is a need to adjust to enhance 
competitiveness with regional and global competitors. And 
automated production lines are normally used in industrial 
production systems. Rather, it is often a large-scale 
entrepreneur or from a relocation or automated 
manufacturing technology that comes with the start-up. 
Robotic automation has long been used to replace human 
workers for tasks having a high degree of risk, such as areas 
with high heat, hazardous chemical area. The use of robots 
particularly in industrial painting not only protect human 
health but also improve the productivity. The robot can work 
continuously without being tired is an advantage compared to 
human workers. The investment in the robotics project for 
manufacturing is quite high in the initial period. Often the 
inventor will need to ensure that their investment is worth for 
which the robotics system to be used at full capacity. 
Decisions on an investment involve many intangibles that 
need to be traded off. In this study, the painting robot 
production process was simulated and analyzed to how to 
improve the capacity of the painting robots. FlexSim is used 
to analyzed and simulated to optimize the painting robots. In 
summary, the simulation shows the productivity of a proposed 
production is more than current production 2.47 times. While 
the capacity increasing 2.97 times. 
 
Key words: Simulation, productivity improvement, motion 
and time study, project selection, pairwise 
 
1. INTRODUCTION 
 
The background and the idea of increasing productivity 
started with the use of scientific concepts in management. 
Emphasizing that scientific management principles wanted to  

 
 

change the attitude of both employees and the management 
that saw the need to use science principles to manage to drive 
productivity requires cooperation from different groups of 
people, employers, workers and the general public. Because 
the increase in productivity is beneficial for individuals in 
different groups, and the participation of all parties to drive 
productivity and the benefits that arise were distributed 
equally which is the basic principle of increasing productivity. 
There are 4 cases to consider increasing productivity: 

 Productivity increases the factor of increasing the 
same. 

 Productivity increases, inputs decrease. 
 Same product but inputs decreased 
 Increased productivity and inputs but the inputs 

increase at a lower rate than the increase in 
productivity. 
 

The industrial robots specifically painting robots were created 
to keep workers out of "dangerous" jobs as well as increase 
productivity and maintaining quality. Painting Robots have 
been invented over 30 years, can be found explicitly in the 
automotive industries. Painting robots are used by vehicle 
manufacturers to do detailing work on their cars in a 
consistent and systematic way. Almost production process of 
the ceramic factories also exposed to uncomfortable 
environment specially for a lot of dust. The application of the 
robots is quite significant in this industry since robot 
application can achieve consistent product quality, 
continuous operation and controllable operation cost. 
However, high investment cost on the robotic application is 
one of disadvantages. To make a decision on the investment 
we need to know the problem, the need and purpose of the 
decision, the criteria of the decision, their sub-criteria, 
stakeholders and groups affected and the alternative actions to 
take. We then try to determine the best alternative, or in the 
case of resource allocation, we need priorities for the 
alternatives to allocate their appropriate share of the resources 
[1]-[4]. 
Therefore, the management and engineers must carefully 
study the information of the project in order to demonstrate 
the effectiveness of the robots, including the provision of 
relevant information such as marketing and production 
capability to the investors, and also for the knowledge of other 
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departments. There are many engineering conventional tools 
are widely used such as VSM [5], TQM [6], TPS [7], Lean [8], 
[9]. Simulation software [10]-[13] was interested by 
engineers such as Arena [14], Delmia [15], [16]. The FlexSim 
is 3D simulation software [17] that models, simulates, 
predicts, and visualizes systems in manufacturing, material 
handling, healthcare, warehousing, mining. The applications 
are wide, such as in Manufacturing:[18] production, job shop. 
In this research, pairwise comparison matrices and a 
simulation model by FlexSim are developed for analysing the 
painting robots of ceramic production. The criteria for 
comparison between current process and proposed process are 
capacity, throughput, productivity, as well as the number of 
workers.  
 
 
2. CURRENT SITUATION 
 
2.1 Painting Process Layout 
The standard painting robots is used in this ceramic factory. 
The movement path and the painting time for each product 
are programming by an engineer and keep into the list of 
programme. 
 

 
 

Figure 1: Simulation of Current Painting Process Layout 
 
The operation flow of the painting process regarding to 
Figure 1 can be explained by Figure 2. 
 

 
 

Figure 2: Operation Flow of the Painting Process 
 
Station-1: There are 2 robots installed here. The 1st robot is 
using for painting on the inside, movement path no.1. While 
the 2nd robot is using for painting on the inside of product, 
movement path no.2. 
The conveyer is using for transportation the pieces to the 
station-2. 
Station-2: There are 2 robots installed here. The 1st robot is 
using for painting on the outside, movement path no.1. While 
the 2nd robot is using for painting on the outside of product, 
movement path no.2. 
Also, the conveyer is using for transportation the pieces to the 
station-3.  
Station-2: There are 2 robots installed here. The 1st robot is 
using for painting on the outside, movement path no.1. While 
the 2nd robot is using for painting on the outside of product, 
movement path no.2. 
 
2.2    Motion and Time Study 
The operation time of each job element is shown in Figure 3.  
• There are 3 stations for painting the ceramic work pieces. 
• Current painting station consist of 2 robots. 
• There are 25 work steps. 
• There are 3-step inter-process transportation 
• There is a 1-step verification. 
• Total cycle time for the entire process is 481 seconds per 
piece. 
• Total travel distance 26 meters 
• Ten production workers per production line per shift 
 

1 

2 

3 
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Cost

Event Description Symbol Time 
(Second)

Distance 
(m)

Inspection 18
Cleaning biscuit with water. 23
Cleaning by water and tape on the logo 29
Loading product to station1 13 2.5
Move to Robot#1-1 5
Spray color#1 position 1 20
Move to Robot#1-2 5
Spray color#1 position 2 15
Move to unloading station 5
Unloading the product to conveyor 9 2.5
Move to station2 18 12
Loading product to station2 10
Move to Robot#2-1 5
Spray color#2 position 1 23
Move to Robot#2-2 5
Spray color#2 position 2 21
Move to unloading station 5
Unloading the product to conveyor 9 2.5
Move to station3 18 3
Move to Finish by conveyor 18 3
Finishing 94
Loading product to station3 10
Move to Robot#3-1 5
Spray color#3 position 1 23
Move to Robot#3-2 5
Spray color#3 position 2 21
Move to unloading station 5
Unloading product and Polishing 21
Cleaning transfer product to car rack 28  

Figure 3: Motion and Time Study of the Current Painting Robots 

3. METHODOLOGY 
 
3.1 Design the Concept 
The process of selecting a conceptual design consists of key 
principles: a hierarchical framework, analysis of priorities, 
defining the problems used in the top-level decision-making. 
It represents an overall objective or goal. [105,106,107] 
Create evaluation level criteria, then compare them as shown 
following, and finally select the most appropriate alternative 
[108,109]. The scale of absolute numbers is, 

1 is Equal 
3 is Moderate  
5 is Strong  
7 is Very strong  
9 is Extreme  
 

Pairwise comparison matrix of the main criteria with respect 
to the Goal are Productivity, Capacity and required 
investment. Results from the management survey, 
 

Table 1: Pairwise comparison matrix 
Criteria Productivity   Capacity   Investment     Priority 
Productivity    1 5/9 5/5 2.56 
Capacity   9/5 1 7/5 4.2 
Investment     3/5 1/7 1 1.74 

 
To determine the priority of the target specification by 
calculating from the following equation, 
 

                 (1) 

Where i,j = 1,2,…,n 
 
The results of the synthesis showed the priorities, the order is 
as follows: Capacity (4.20), Productivity (2.56) and 

Investment (1.74). 
       The next step is to make comparative comparisons at 
project proposal selection levels. The scale is, 
 

1 is Equal 
2 is Better 

 
Table 2: Comparisons at project proposal selection levels 
Current  
painting process 

Proposed painting process 
Capacity Productivity Investment 

Capacity 1/2   
Productivity  1/2  
Investment   1/1 

 
The full score of this table is 6 (2x3). Therefore, when the sum 
of Current to proposed painting process is 2, indicating that 
the score is not more than half of 6, it can be concluded that 
Proposed painting process is more suitable to be new painting 
process. 
 
3.2 Production Process and Layout Design 
Considering Figure 1, the greatest possibility is to add up to 6 
production lines. The proposed painting process is presented 
on Figure 6. 
 

Event Description Symbol
Time 

(Second)
Distance (m)

Inspection and Cleaning biscuit with water 21
Loading product to auto spray booth 9
Auto spray booths 10
Loading product to station1 3
Move to Robot#1-1 37 6
Spray color#1 position 1 6
Move to Robot#1-2 3
Spray color#1 position 2 18
Move to unloading station 3
Unloading product and Polishing 4
CC and Transfer product to car rack 16 3  

Figure 4: Motion and Time Study of Proposed Layout for Processes  
 
3.3 Motion and Time Study 
The operation time of each job element of the proposed 
painting production process is evaluated. The result of this 
analysis is shown in Figure 7 involved 4 workers. The cycle 
time of this process is 130 seconds. The process’s cycle time is 
reduced to almost 73% compared to the current practice. 
Then FlexSim software is used to simulate and compare 
between current painting process and proposed painting 
process. 
 
3.4 Simulation 
The powerful and user-friendly of FlexSim 3D simulation 
software was use in this study. The current painting process 
shown in Figure 5, and the proposed painting process shown 
in Figure 6 are simulated and compare the results. The motion 
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and time study from Figure 3 and Figure 4 is used to input to 
parameters value of the FlexSim software. 
 

 

 Figure 5: Simulation of Current Painting 

 

Figure 6: Simulation of Proposed Painting 

 
 

Figure 7: Simulation of Proposed Painting 

Figure 7 each worker works with different duties and different 
operation time as shown by the motion and time study in 
Figure 4 which are, 
The 1st Worker, task is material preparation and inspection. 
The 2nd Worker, task is to operate the automated spray booth. 
The 3rd Worker, task is to load workpiece to painting robots. 
The 4th Worker, task is to unload workpiece from painting 
robots and polishing. 

The 5th Worker, task is to collect the finished products and 
keep on the cart. 
Since to spraying time of the robot is bottle neck, so 1st 
Worker is moved out. Finally, four workers are assigned to 
run the proposed painting process. 
 
4. RESULTS AND ANALYSIS 
 
Table 3: The Results of Current Painting Processes 

Data Current Painting 
Production Process 

Number of production lines 
(lines) 

2 

Throughput (pieces per 
day) 

2,562 

Number of workers 
(persons) 

66 

Productivity 
(unit/man/hour) 

6.1 

 
 
Table 4: The Results of Proposed Painting Processes for Single 
Colour Plate 

Data Proposed Painting 
Production Process 

Number of production lines 
(lines) 

6 

Throughput (pieces per day) 1,269x6 = 7,614 
Number of workers 

(persons) 
72 

Productivity 
(unit/man/hour) 

15.1 

 
A. Throughput 
The simulation on Figure 5, Table 3 shows the output of 
current production process which is 2,562 pieces/day. While 
the simulation result of the proposed painting production 
process shows in Table 4 the output equal to 1,269 
pieces/day/line, for all 6 lines, daily output will be 7,614 
pieces/day. The capacity of proposed painting production 
process equal to 2.97 times of current painting production 
process.  
 
B. Productivity 
Current production process layout shown in Figure 1, the 
number of current production workers is 11 workers/shift/line 
or total workers will be 66 workers per day. The proposed 
painting production process will use only 4 workers/shift/line. 
So total required 72 workers per day. Productivity of current 
painting production process equal to 6.1 unit/man/hour. 
Productivity of proposed painting production process is 15.1 
unit/man/hour which is more than current painting 
production process 2.47 times. 
 
C. Investment 
Current capacity, the initial investment for a paint robot is 
228,000 USD per station, in total 6 stations invested 
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1,368,000 USD. Therefore, if required capacity increase 2.97 
times, required investment equal to 2,736,000 USD. 
Since, the equipment using in the proposed painting 
production process is automated spray booth, it inexpensive 
when compared to painting robot. Therefore, required 
investment for proposed painting production process is 
300,000 USD for all 6 lines. 
        
5.   CONCLUSION 
 
In order for improvement to be successful, there must be a 
strong commitment to improving the productivity of the 
organization, whether it is the commitment and involvement 
of senior management. Leadership and participation of 
middle management, full effort of supervisors and employees, 
and being in a spirit of thinking, being positive all the time, 
strengthened their hearts in the face of problems to succeed. 
High investment in projects must ensure that we make the 
best utilization of our resources with maximum capacity. 
Software-based project simulations help management make 
confident decisions about how to invest in a project. 
FlexSim simulation, the proposed painting process can 
generate capacity 2.97 times more than the current painting 
production. 
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