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Abstract- In occupation misguide amusement system, the production planning and management is a big and complex 
problem that is frequently found in this system. For this demonstrate, this composite proposes the other strategies based on 
some principles of production planning and management to improve the job shop production in machinery production 
line. Including, the pretension equipment was hard-headed in this study to create the model of current system integrated with 
alternative strategies, and to display the working process of this system through the animation screen. To analyse alternative 
strategies, the results of eachgubbins were analyzed and evaluated through the set of statistical value that gets from the 
simulation program. Seizure, the sanction strategy was elected for this production line in order to increase the utilization and 
to increase the production rate with lower costs for production line. 
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I. INTRODUCTION 
 
In the manufacturing industry, the pattern of 
production system is defined by the variety and 
volume of products or the customer needs, such as the 
mass production system is a manufacturing system 
that makes high-volume and low-variety products, 
and has continuous production runs. Conversely, if we 
will mention the traditional production system called 
job shop production. This production system is 
characterized by manufacturing feature of low volume 
and high variety of products designed and produced as 
per the specification of customers within prefixed time 
and cost. In general, job shop productions will produce 
products followed sequence of the ordered customer 
with fixed routes for each job through the plant. In 
working processes of this system often use special 
skills of workers to operate the special product with 
experience of production managers in the production 
planning and management. Therefore, it causes 
various problems in production line, especially the 
idle time. The idle time is non-value added activities 
in production system while an employee is still on the 
working time, also called waiting time. For this 
reason, we propose alternative strategies to improve 
and develop the working process in the job shop 
production system. Proposing the alternative strategy, 
we used some principles of the production planning 
and management, such as plant layout design, job 
design and so on. 
 
Nowadays, the simulation method on the computer 
program is used widely in industrial factory because 
this method can change some parameters or some 
factors that want to study without disturbing in the 
current system. In other words, the simulation 

technique is a tool to evaluate the performance of a 
system under different configurations of interest and 
over long periods of real time before implementing in 
the real situation. The procedures of simulation 
process consist of data collection, model creation, 
model validation, model development and result 
evaluation, respectively.   
 
In the paper, the objectives of the research are to 
increase the utilization and to increase the production 
rate with lower costs in the job shop production 
system. To achieve the objectives, we utilize the 
simulation tool to create the model of job shop 
production system in machinery production line, and 
to illustrate overview of working processes through 
the animation screen on simulation program. In 
addition, the alternative strategies based on some 
principles of production planning and management 
were proposed to improve the current system. 
Selecting the proper strategy for this production line, 
all proposed strategies were applied in the model to 
evaluate the performance of each strategy. 
 
II. LITERATURE REVIEW 
 
In the past, there were various studies and researches 
related to development and improvement of the job 
shop production system. Most of the research on this 
field would focus on using the mathematical and 
simulation method to solve many problems in the 
system. Currently, the simulation is a popular tool in 
various researches which is applied to help researcher 
in studying and analyzing a problem. 
 
In the late 1950s and 1960s, simulation was a very 
expensive and specialized tool that was used only a 
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large company, due to it must spend high investment. 
Subsequently, the computers were becoming faster 
and cheaper, and simulation tools were utilized in 
industries more, particularly they was chosen for 
many companies in the automotive and heavy 
industries. Furthermore, simulation tool was 
popularly recognized in many larger firms, which it 
assists engineers and managers make decisions 
quickly and reliably before implementation. However, 
it was still not in widespread use and was rarely used 
by smaller firms. During the 1990s, the simulation 
software had better functions, such as better 
animations, easy usage, faster computers and easy 
integration with other packages, so simulation become 
a standard tool in many companies. 
 
In the automotive industry, the simulation tools were 
utilized to design and operate automotive assembly 
plant for increasing the productivity. Besides, 
simulation tools was able to identify the bottleneck 
problem in the assembly process through the 
animation display of this process, and to improve 
production performance of the system by examining 
the result of model through the set of statistical data in 
simulation software before implementation. 
 
Kadar, Pfeiffer, and Monostori showed the potential 
the simulation in supporting the production planning 
and scheduling decision making process. They built a 
simulation model which constitutes a coherent part of 
Digital Factory solution, and the model was connected 
to an integrated production planner and job-shop 
scheduler system. Finally, the results of their 
experiments which can be achieved the objectives by 
using the simulation model. 
 
The simulation tool can assist the company to handle 
the future changes of plant layout by simulating the 
model of proposed scenarios to see what the effects 
were and which layouts were affected in which 
conditions and parameters. In addition, the simulation 
tool was be able to compare the performance of the 
proposed models in term of utilization, characteristics 
of WIP and ability to meet due date. 
Computer simulation software, Technomatix Plant 
Simulation was applied as the simulation tool to 
simulate the comparison of the two different 
production models in research of Stankovic, Car and 
Barisic. They focused on the solution of the resizing 
problem for the actual heavy machining production 
system. To solve the problem, they applied the shift 
bottleneck heuristic method for the job shop system on 
the model for optimizing the production system 
through the investigation of bottleneck machines. 
After complete the experiments, the results reported 
that the productivity has been increased and the 
storage time has been decreased, which they show the 
greatest benefit of using the simulation tool. 

Besides, the simulation tools were applied with 
optimization method to solve the real-world 
scheduling problem, such as modified shifting 
bottleneck heuristic, tabu search algorithm etc. After 
reviewing the previous literature, the various 
researches present the great benefits of the simulation 
tools to assist in improving and developing many 
problems, including a great help in making decision. 
Next, we will review the literature of alternative 
strategies based on some principles of production 
planning and management that comprised of plant 
layout design, job design as well as genetic algorithms 
as optimization tools. 
 
Enlarge aggregate is yoke of essential factors for 
production process because it has a significant effect 
on the cost and efficiency of an operation. 
The first plan of the breed make-up is to maximize 
the benefit by aright of the plant layout to the best 
advantage of total manufacturing of the product. 
A brochures in this section, the cellular layout (CL) is 
frequently compared to the process layout or the 
traditional functional layout (FL). In the FL, the 
arrangement of inlet are grouped together according 
to their functions while CL is the arrangement of a 
facility so that equipment used to make similar parts 
or families of parts is grouped together. The CL 
exhibited superior performance in terms of average 
move time and average set-up time. Gap, the FL had 
superior performance in queue related variables 
(average queue length, average waiting time, 
work-in-process inventory, etc.), custom, the average 
flow time was shorter in the FL than in the 
CL. Reckoning, the FL outperformed the CL on 
machine utilization. 
 
Job design is one another of essential factors in 
manufacturing process. The objective of good job 
design is to design jobs which allow people to perform 
tasks in a safe, efficient, and economical manner 
which facilitate the realization of various 
organizational goals such as profit and increased 
productivity. The problem of job design was more 
important for new systems which new systems were 
more sensitive to the probabilities of absenteeism and 
turnovers, and the production system. However, a job 
enlargement can reduce absenteeism and turnovers, 
and it can reduce monotony and can increase 
satisfaction of workers, thereby increasing 
productivity and employees’ performance. 
 
Expanding the capacity of production system, it can be 
expand by using the extra shift-working hours or 
increasing the number of machines. The additional 
machines can increase the production capacity, and 
they would increase the production rate of system or 
decrease total production time. From literature 
reviews, the plant layout, job design and capacity 
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expansion methods can help to improve the 
production system to get the higher efficient in various 
fields. 
 
III. METHODOLOGY 
 
In procedures of simulation process which there are 
three main steps in studying and improving this 
system. The detail of each step was described for more 
understanding in simulation process. 
 

A. Job Shop Characteristics and Data Collection 
In this research, we investigate the working process in 
the machinery production line that is the job shop 
manufacturing system. The primary mission of them 
is to produce a part of a fishing net machine for 
supporting the fishing net production line in each 
factory on the time when fishing net machines break 
down. The main problem in this production line was 
the utilization levels of machine and worker that is 
unsatisfied due to effect of idle time arises in the 
production line. Thus, the plant requires the 
improvement and development of working process in 
machinery production line as fast as possible. 
 
In the construction of the model, the data collection 
process is a first step that it required the necessary data 
for model creation, such as layout of plant, ordered 
parts within one month, processing time of parts, 
worker schedule of each worker, routing of parts and 
others. We collected a real job-shop data from the 
machinery production line with observations made 
during plant surveys for one month. This production 
system is intermittent production line, which can be 
divided into two units: CNC machine unit and manual 
machine unit. In this research also focused on the 
manual machine unit. The manual unit consists of a 
16 main workstation and an 11 worker. The machines 
were controlled by 11 workers, which each worker has 
different responsibility to operate these machines. 
Table I presents the workstation's responsibility of 
each worker. 

 
Table I 

Workstation's responsibility 
Worker Workstation 

A M15 (Vertical milling machine) 
B M17 (Vertical milling machine) 
C M18 (Vertical milling machine) 
D L25 (General lathe machine) 
E L11 (Heavy duty lathe machine) 
F L13 (Heavy duty lathe machine) 
G D2 (Radius drilling machine) 

H D5 (Upright drilling machine) 
H2 (Hobbing machine) 

I P1 (Press machine) 
WDM (Welding) 

J Tap and F (Tapping and finishing) 
H3 (Hobbing machine) 

K 
G2 (Surface grinding machine) 
G3 (Cylinder grinding machine) 
S3 (Slotting machine) 

 
B. Simulation Creation 

Tecnomatix Plant Simulation software V.10 licensed 
by Siemens was applied to create the current model of 
job shop production line for studying the working 
process. To understand Plant Simulation software 
concepts and modelling tools, we should learn the 
basic knowledge of this program before starting the 
simulation process. The Tecnomatix plant simulation 
program provides the object icon in toolbox for easily 
creating objects. To insert objects into the frame 
(window), they have two options. First option, we can 
directly click on the object icon in the toolbox, and 
then click in the frame at the wanted position. Second 
option, we can drag the object from the toolbox to the 
frame and drop it at the wanted position.  
 
The basic assumptions of the model are a necessary 
process before creating the absolute model. The basic 
assumptions which have also been made in our 
simulation study are listed below: 
 
1.  Each job has a specific routing through the 

machines or there are no alternative routings, 
i.e. an operation of a job can be performed by 
only one type of machine. 

2.  Each machine can perform only one operation at 
a time on any job. 

3.  An operation on any job can’t be performed until 
previous operations on the job are completed. 

4.  First-In-First-Out service. 
5.  There are no interruptions on the shop floor, e.g. 

no machine breakdowns. 
6.  Transportation time between different machines 

and set-up time on machine is negligible. (The 
setup time has already included in the processing 
time of a job) 

7.  The jobs are independent of each other; no 
assembly is involved. 

8.  Processing time is constant for all processes. 
9.  Working for 6 days and off for one day. 
10. The working time (eight hours of one shift or 

normal working hours with one hour break time, 
and if works beyond normal working hours is 
overtime) of machines and workers will be 
followed theirs schedule. 

11.  A machine requires one worker to operate it, and 
a worker can’t operate more than one machine at 
once. 

 
After completely setting the assumptions, the job shop 
production line was simulated with inputting data into 
the simulation model as well as setting some 
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parameter on the simulation model. Then, the next 
step was the simulation runs for analyzing and 
measuring the performance and the accuracy of 
simulation model as illustrated in Fig. 1. The 
simulation runs were controlled by the Event 
controller icon, which it acts like the time controller of 
simulation model. 
  

 
Fig. 1 The simulation runs of the current production system 

 
C. Model Validation 

Model validation is the process of ensuring that a 
simulation model represents the real system at a given 
confidence level. This process would use the statistical 
validity for confirming the accuracy of model. 
Statistical validity involves an objective and 
quantitative comparison between the output 
performance of the actual system and the model to 
have confidence that the model is accurate. If there is 
no statistically significant difference between the data 
sets, then the model is considered valid. Conversely, if 
there is a statistically significant difference, then the 
model is not valid. 
 
There are many types of hypothesis tests, so we should 
select the appropriate comparison test. The t-test was 
used to validate the results of the actual system and the 
model due to the population standard deviation was 
not known and the amount of sample was less than 
thirty samples. There are three parameters that were 
validated in this process, which they are percentage of 
throughput rate per day, machine utilization and 
worker utilization. The percentage of them was 
presented as Table II. 

 
Table II 

The results in hypothesis testing 

Parameters Actual 
results 

Model 
results p-Value 

Throughput 
(pcs) per day 151.69 151.50 0.993 

Machine 
utilization (%) 61.06 60.08 0.937 

Worker 
utilization (%) 91.94 90.50 0.683 

 
From the results of p-value in each parameter, they 
were higher than 0.05 at 95 percent of confident 

interval, so there were no statistically significant 
difference between the actual system and the 
simulation model. It meant that the model was able to 
be representative of the current system. 
 
IV. EXPERIMAENTAL DESIGNS 
 
Alternative strategies were proposed in this section, 
which there were three alternative strategy models. 
These alternative strategy models were developed 
from the current model that presents a real system of 
machinery production line. The alternative strategies 
in this research, we focused on increasing the 
utilization, reducing the idle time and increasing the 
production rate with lower costs in the system. Each 
strategy was created by using some principle of 
operation management to achieve targets. 
 

D. Strategy A 
In the strategy A on the Model A, we used the process 
layout to rearrange some machines in current 
production line, by similar operation of workstations 
was grouped together. In this strategy, the process 
layout was applied at vertical milling machines and 
heavy duty lathe machines. In Fig. 2 showed the layout 
of heavy duty lathe machines at L11 and L13 
workstations before and after applying the process 
layout, which these parallel machines made the routes 
of material flow more than one route after 
rearrangement. 

 
(a) 

 
(b) 

Fig. 2 Machine layout of production line (a) before 
rearrangement and (b) after rearrangement 

 
Moreover, the job enlargement was utilized for this 
strategy in order to increase the worker utilization. In 
the experiment, we expanded the scope of tasks of 
workers who have a low utilization to assist a worker 
who has high workloads.  As Fig. 3 displays, a worker 
which was enlarged job scopes from existing task that 
has three services to be four services, with reducing 
the overtime of another worker and without affecting 
to the overall system. 
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Fig. 3 The job enlargement of a worker in production line 

E. Strategy B 
In this strategy, we used the same idea to strategy A 
but the different feature was the two important 
machines were added for expanding the capacity in 
this strategy. We used Pareto Charts to assist making 
the decision in choosing the machine that should be 
increased. In the experiment, we added the two lathe 
machines with one worker for operating these 
machines which the layout of production line with the 
two additional machines was shown in Fig. 4. 
Actually, these additional machines have set already 
in the production line but they don’t have a worker for 
operating them. Therefore, there is no cost for 
purchasing machines in this strategy. 

  

 
Fig. 4 Layout of production line with the two additional machines 
 
Besides, Pareto Charts indicated that the capacity of 
the milling machine should be expanded so we 
increased the working time of a worker that operates at 
the milling machine to make the better workflow.  
 

F. Strategy C 
We still utilized the strategy of process layout at 
vertical milling machines and heavy duty lathe 
machines in the production line but the job 
enlargement was ignored in this strategy. To increase 
the production rate, we extended the working time in 
production line to be two shifts which details of 
working processes of each shift were shown in Table 
III, and moreover we added workers to expand the 
capacity of production system. 

 
Table III 

The work description in each shift 
Shif

t 
Working 

time 
Paused 

time 
Amount of 

workers 
Shif
t 1 

08:00 - 
16:30 

12:00 - 
12:30 10 workers 

Shif
t 2 

16:30 - 
01:00 

20:30 - 
21:00 4 workers 

Adding workers in Shift 2, we used Pareto Charts to 
indicate machines where they should increase the 
capacity or skills what that they require for the extra 
workers. Amount of extra workers that were added in 
production line, we considered from the principle of 
break-even analysis in making the decision. Table IV 
presents skill requirements for extra workers in 
strategy C which all extra workers were multi-skilled 
workers. 

 
Table IV 

Skill requirements for workers in strategy C 

Worker Skill requirements 

Worker A 
M17 (Vertical milling 
machine) 
WDM (Welding) 

Extra worker 1 
M18 (Vertical milling 
machine) 
P1 (Press machine) 

Extra worker 2 

L25 (General lathe 
machine) 
L11 (Heavy duty lathe 
machine) 

Extra worker 3 

D2 (Radius drilling 
machine) 
Tap and F (Tapping and 
finishing) 

 
V. RESULTS 
 
All models were tested on simulation program under 
defined condition, and simulation results were 
presented in Table V. The simulation results in each 
model were compared through three main variables 
are average worker utilization, operating costs and 
finish time of production. The results obviously 
showed that Model C performs better than other 
models in terms of operating costs and finish time of 
production while Model B exhibited superior 
performance in terms of average worker utilization. 
 

Table V 
Comparison of simulation results in each model 

Model 
Amount 

of 
workers 

Avg. 
Worker 

utilization 
(%) 

Cost (Bath) Finish time 
(DD:HH:MM:SS) 

Current 
model 

11 
workers 90.31 556,164.0

0 31:00:00:00 

Model 
A  

11 
workers 95.02 528,444.0

0 30:18:45:00 

Model 
B  

12 
workers 95.60 525,168.0

0 26:16:51:15 

Model 
C  

14 
workers 90.52 525,420.0

0 23:17:15:33 
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CONCLUSIONS  
 
This paper aims to propose the solution to improve 
and develop the machinery production line through 
alternative strategies based on basic principle of 
operations management. Besides, the usage of 
simulation tool can show the great performance to 
help in making a decision before implementing 
alternative strategies in real system. From the 
experiment results, process layout and job 
enlargement are able to help saving the operating cost 
and increasing average worker utilization for system. 
And increasing the production rate in production 
system can operate by expanding the capacity of 
resources such as machines and workers. 
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