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Abstract—The article considers the model of the technological 

line operation for parts manufacturing, made in the simulation 

system Arena Rockwell. The relevance of the study is to reveal 

the "bottlenecks" and to answer a "what if" question when 

considering different models. Optimization parameters are the 

maximum possible number of parts manufactured and the 

maximum load of equipment, i.e. maximizing profit. Reject rates 

and parts reworking are considered to be limitations. As a result 

of modeling, having considered various models of the production 

process organization, the following was established: the machines 

load, the number of parts produced, the average length of parts 

in the production process, the average number of parts in the 

queue, profits and losses in the production process. The obtained 

results of simulating will organize an economically justified 

production process - two-point production line with a 1.45 time-

increase in profit. 

Keywords— production system, simulation model, simulation 

moderation, production organization  

I.  INTRODUCTION  

The production process of parts manufacturing is a 
complex system consisting of many separate elements and 
relationships arising in the production process. The state of the 
process is characterized with such parameters as time, cost, 
equipment loading, etc. The course of the technological 
process is influenced by various production factors that lead to 
changes in the technological process course. 

With the computer technology development, simulation 
modeling has become the most used tool for simulating. 

Simulation modeling is a process of developing a real 
system model and setting up experiments on this model to 
understand the behavior of the system within the limits 
imposed [1]. The simulation has a number of advantages:  

 new designs, layouts can be tested without using 
resources to their implementation; 

 we can consider the behavior of the simulated system 
in a certain time interval (per day, year, etc.), and it 
will assess the prospects for the development of the 
system; 

 variability of production conditions can be considered 
to identify bottlenecks ("places of decline in 
productivity", downtime of equipment, etc.) and to 
answer "what if" questions. This will reveal which 
factors are the determining factors in the behavior of 
the system being simulated [2]. 

Real world events are complex and uncertain. Therefore, it 
is necessary to develop models that consider the world 
diversity (deterministic and stochastic models, discrete and 
continuous models, static and dynamic models). Simulation 
modeling allows doing it. 

Currently, simulation modeling is used in modeling of 
production processes [3, 4, 5], transportation [6], warehousing 
[7], in construction [8], economics [9] and operation of 
technical systems [10], etc. 

The production process of manufacturing a part is a 
complex system consisting of many separate elements and 
relationships arising in the production process. When using 
simulation, the maximum possible reproduction of the 
production situation has been achieved. Consideration of the 
production conditions multivariance allows one to identify 
"bottlenecks" and to answer "what if" question. 

For enterprises with a rapidly changing range of goods and 
small series production output, the following tasks are 
relevant: the rational use of equipment, a working time fund, 
forms of the production process organization, time estimates 
of the cyclical turnaround, size of stocks and storage facilities 
capacity. Under these conditions, the value (relevance) of 
decisions made increases with the reduction of time spent on 
decision making. Therefore, simulation modeling is an 
effective tool for solving a wide range of production problems. 

The subject study is a well-grounded choice of an effective 
form of the production process organization. Optimization 
parameters are the maximum possible number of parts 
manufactured and the maximum load of equipment, i.e. 
maximizing profit. Reject rates and parts reworking are 
considered to be limitations. 
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II.  PROCESS DESCRIPTION AND DATA MODELLING  

The production process is manufacture of metalworking 
machines and consists of six stages. Parts are processed after 
their quality being evaluated with the controller and the time 
interval is 9.5 ± 2.5 minutes. Consistent movement of parts 
during operations is carried out in the production process. 
Transfer from one operation to another is executed one by one 
(due to the details of the part).  During their processing, the 
sequence of stages should be clearly observed. Stages 
replacement is not allowed. Each stage uses one piece of 
equipment. The processing time for stages is shown in Table 
1. 

TABLE I.  CHARACTERISTICS OF THE PRODUCTION PROCESS  

The stage 

number  

Part processing time on the machine  

Minimum,  

min 

 Maximum,  

min   

1 12 14 

2 5 6 

3 3 5 

4 4 5 

5 6 8 

6 9 12 
 

After processing (all stages have been completed), the part 
is moved to the controller, and it assesses its quality and gives 
an opinion on the conformity of the part to the requirements.  

In the developed model, there will be assessed economic 
parameters when implementing the production process of parts 
manufacturing - losses due to machine downtime and profit 
for the processing of parts. Table 2 shows the parameters of 
profit (loss) per hour for all machines.  

TABLE II.  ECONOMIC PARAMETERS OF THE EQUIPMENT USED   

Machine 

number 

Profit for processing 

parts, $/h 

Losses due to 

downtime, $/h 

Machine 1 50 20 

Machine 2 30 10 

Machine 3 25 8 

Machine 4 35 12 

Machine 5 40 7 

Machine 6 30 10 

 

Profit on the production process is defined as:  

C=  Сw - Cp

where Cw is the total profit for processing parts on all 
machines determined by the hourly rate and operating time for 
each machine, Cp is total losses due to machine downtime 
determined by the hourly rate and idle time for each machine. 

To determine the workload of machines for various uses is 
possible when using simulation modeling. 

To achieve this goal, several stages of modeling will be 

performed (simulation modeling of the production process is 

carried out for 1 shift (8 hours)): 
1. We will develop the simulation model of "AS-IS" 

process. The model will determine the following 
parameters: the number of parts processed by each 
machine in 8 hours; workload of machine tools; losses 
due to machine downtime; profit for processing parts 
on machine tools; average length of parts stay in the 
production process; the average number of parts in the 
processing queue for a particular machine; average 
length of parts stay in the processing queue. (These 
parameters will be evaluated at all stages). 

2. Let us change the model "AS-IS" considering the 
limitations – defective parts are 20%; the possibility of 
reworking defective parts. 

3. "Bottlenecks" for the "AS-IS" model will be defined. 

4. The simulation model "TO-BE" will be developed, and 

it realizes: 

 possibility of inefficiently used machines additional 

loading; 

or 

 possibility to install additional equipment on the 

"bottlenecks." 

5. The optimal model "TO-BE" has been chosen. 
 

Currently, the software products market is represented 
with a sufficient number of simulation tools. The following 
systems are the most popular: Arena Rockwell, AnyLogic, 
Simio, Simul, Repast, NetLogo, FlexSim, Ponodel. Arena 
Rockwell software product for simulation is used in this 
article. 

Arena Rockwell is distinguished by its wide functionality, 
ease use, a rich set of statistical indicators, and it includes 
dynamic animation [11].  

III.  SIMULATION MODEL DESCRIPTION AND DATA 

MODELLING  

The model "AS-IS" is shown in Fig. 1 (Stage 1 of 
modeling). The Create 1 ("Create") module is used to generate 
the part income ("Part 1"). Modules OP 1 - OP 6 ("Process") 
simulate the process of processing parts in the corresponding 
stages. Dispose 1 ("Dispose") module brings the processed 
parts out from the production process. 

The model "AS-IS" with the possibility of defective parts 
reworking is shown in Fig. 2. By condition, defective parts can 
have only one reworking. If the defect is not eliminated after 
it, the part is removed from the production process. “Decide 1 
("Decide") module” specifies "2-way by Chance" – 80% 
(defective parts are 20%). Assign 1 ("Assign") "marks" the 
defective parts being processed, and assigns them number 1. 
“Decide 2 module” ("Decide") tracks the cycles for defective 
parts processing and outputs the parts from the production 
process. 
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The model "TO-BE" is shown in Fig. 3. The machines are 
underloaded at stages OP 2 - OP 4. Therefore, the option of 
additional equipment loading by processing another part ("Part 
2") is considered. The processing time of "Part 2" in OP 2 - 
OP 4 stages is equal to "Part 1" processing time. “Create 2 
("Create") module” is used to generate "Part 2" income. 
“Decide 3 module” ("Decide") allows one to define "Part 1" or 
"Part 2". "Part 1" continues the subsequent processing in OP 5 
and OP 6 stages, "Part 2" outputs from the processing process 
using “Dispose 2 module” ("Dispose"). 

IV. RESULTS AND DISCUSSION   

The results of simulation modeling when implementing the 
model shown in Fig. 1 are generated in the simulation results 
report ("Resources", "Queues", "Entities" panes) and they are 
shown in Fig. 4.  

The report shows uneven loading of machines from the 
load factor 1.00 for Machine 1 (maximum load) to the load 
factor 0.30 for Machine 3 (maximum load). During 8 hours, 
35 parts were completely processed, and 52 parts entered the 
production process. Therefore, the average wait time of parts 
in the drives before ОР1 operation was 65.0447 minutes, and 
the average number of parts in the queue was 6.9500. The 
average length of the parts’ stay in the production process was 
102.56 minutes. 

For this model, the total profit for processing parts on all 
machines was $ 995.81 and losses due to machine downtime 
were $ 201.43. Thus, the profit on the production process 
(according to formula 1) was $ 794.38. 

 

 

Fig. 1. Model "AS-IS" (Stage 1 of the simulation) 
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Fig. 2. Model "AS-IS" with the possibility of defective parts reworking (Stage 2 of the simulation) 

 

Fig. 3. "TO-BE" Model (Stage 4 of the simulation) 

 

 

Fig. 4. Model report "AS-IS" (1st stage of modeling) 

The implementation of the model, shown in Fig. 2, 
generated the report presented in Fig. 5. Reprocessing of 
defected parts increased the average length of the parts’ stay in 
the production process to 117.17 minutes. The average waiting 
time for parts in the drives before ОР1 operation increased to 
75.0937 minutes, and the average number of items in the 
queue increased to 8.5314 minutes. There are 28 valid parts at 
the output of this model, 6 parts were re-processed, 1 detail 
has an unrecoverable defect (the results are not included in the 
reporting Fig. 5). Profit on the production process (according 
to formula 1) was $ 802.43. 

 

 

Fig. 5. Model report on "AS-IS" with the possibility of defective parts re-

processing (2 stage of modeling)  

The implementation of the simulation is presented in Fig. 2 
when two units of equipment were installed for ОР 1 
operation helped to obtain a more even load factor of 
equipment (Fig. 6), to increase the number of processed parts 
(33 valid parts, 9 parts were re-processed, 1 part has an 
unrecoverable defect, and the results are not included in 
reporting Fig. 6). Profit on the production process (according 
to formula 1) was $ 1356.31. 
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The implemented model is the most productive for the 
processed parts output. However, estimating the additional 
costs for the equipment and increasing the processed parts 
output by 18 pieces showed that this model is economically 
inexpedient. 

The model shown in Fig. 3 is of great interest. Changing 
the parameters entering the production process "Part 2", the 
maximum load of equipment can be achieved and the output 
of processed parts "Part 1" and "Part 2" can be optimized. The 
largest number of the processed parts ("Part 1" - 25 pieces, 
"Part 2" - 56 pieces) is achieved when "Part 2" is 1 time per 7 
minutes (the law of distribution between the parts incoming is 
exponential). 

 

Fig. 6.  Model report "AS-IS" (2nd stage of modeling) with two pieces of 

equipment Machine 1 installed    

The generated report on this model, shown in Fig. 7, 
estimates the load factor from 1.00 for Machine 1 to 0.41 - for 
Machine 5.  

 

Fig. 7. Model report "ТO-BE" 

In general, the load factor is more uniform for the model 
than for the models discussed above. Machine 1 and Machine 
2 are the most overloaded. The average waiting time for 
processing details is 71.9111 and 26.0140 minutes, and the 
average number of items in the queue was 8.6087 and 6.4255 
respectively. The average length of parts, remaining in the 
production processing process, was 122.89 minutes for "Part 
1", and 40.6730 minutes – for "Part 2". The profit on the 
production process (according to formula 1) was $ 1154.12. 

V. CONCLUSION   

A simulation model of the production process was 
developed within the framework of the discrete-event 
approach. As a result of modeling, having considered various 
models of the production process organization, the following 
was established: the machines load, the number of parts 
produced, the average length of parts in the production 
process, the average number of parts in the queue, profits and 
losses in the production process.  

The obtained results of simulating will organize an 
economically justified production process - two-subject ("Part 
1" and "Part 2") production line with an increase in profit 1.45 
times. Thus, the system of simulation allows one to analyze 
quickly production processes and to make economically sound 
decisions. It is especially true for enterprises with a rapidly 
changing range of goods and small series production output. 
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