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Abstract
The aim of this article is to create a simulation model of specific production system in Plant
Simulation environment. The main production program that we monitor in this article is focused on
the production of tapered roller bearings. Types of produced products are wide; therefore we focus
attention on a material flow of one particular dimensional type of bearing. This article is divided into
five parts. In the first part there is a theoretical overview of utilization of the system module Plant
Simulation. The second part is focused on product that will be used for simulation process, concretely
tapered roller bearing 32303A. Third part deals with analysis of simulated system model in Plant
Simulation. Fourth section is oriented on proposal of monitored production system optimization in
Plant Simulation and final fifth part is about benefits evaluation of the proposed solution.
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1. INTRODUCTION
Continuously increasing demands and threats related to the operation of production systems
require from production companies continual concentration, quick and correct decisions in an
effort to consolidate and improve their market position and achieve the maximum profit [1,
2]. There are many ways and possibilities to make work more effective, respectively to
maximize the use of the production system [3-5]. For the purpose of this paper, we have
chosen as an optimal variant an increasingly intensified and, in practice, more frequently used
concept of simulation, the use of which greatly contributes to the overall increase of
competitiveness of companies.
The paper is divided into five main consecutive chapters. The first section consists from
the creation of a theoretical knowledge base within the solved problem. We mainly focus on
the specific Plant Simulation system module and the advantages resulting from its use in
solving problems with the production systems operation. In the second chapter we analyse the
specific production system whose main production program is a production of tapered roller
bearings. We focus on the specific type of tapered roller bearing – 32303A and with this type
we consider in creating the simulation model. The basis for the modelling is the sequence of
technological operations of the selected product type. The third main section deals with the
analysis of simulated system in Plant Simulation, with detailed description of inputs,
operations and outputs of the selected production system. At the end of this section we show
the 2D and 3D model of the monitored production system. The fourth main section is about
the proposal of chosen production system optimization, while we focus on the mechanization
of material flow and the goal is to increase the number of pieces produced, so we look for a
part within a material flow whose optimization would make the entire production system
more efficient. The final fifth main part is the evaluation of the proposal. Here we compare
the statistics obtained before and after the change was introduced. If the number of produced
bearings is higher and other statistics of production system are not worse, thus we have
achieved the goal.
https://doi.org/10.2507/IJSIMM16(4)10.405
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The aim of this paper is to optimize the production of tapered roller bearings 32303A.
Model of production process, which is built-up in application Plant Simulation, is used for
optimization. To find the optimal variant of the production process, which would allow
making for the same time the highest number of products, we used the multiple simulation of
the production process. The aim of the optimization is the streamlining of production, which
can be achieved by increasing the number of produced products at the same time, while
reducing the unit costs of finished products.

2. UTILIZATION OF THE SYSTEM MODULE PLANT SIMULATION
Plant Simulation allows creating digital models, which are then used for simulation of specific
conditions within the production process while changing selected parameters and
characteristics of the process. Simulation of various set conditions of the production process
allows optimizing before the real starting, the inputs and outputs of the production process
[6].
Plant Simulation is one of the basic modules of “digital factory” package Tecnomatix
from Siemens PLM (Product Lifecycle Management) software. The support for the Slovak
market provides the company SOVA Digital, Inc. cooperating with the company CEIT.
Tecnomatix has a number of modules and this is shown in Fig. 1 [7].

Figure 1: Modules of Tecnomatix considering the utilization [8].

During the optimization of the selected production process we decided for Plant
Simulation, because of its ability to create plans or scenarios for the future in the planning
phase of the project to the benefit of different production systems models. This module allows
the hierarchical construction of models in 2D and 3D interface, with respect to production,
storage and distribution mutually linked chains of objects. The possibilities of Plant
Simulation utilization [9] are shown in Fig. 2.
During simulating the production process is evaluated the achieved output, respectively
the operation of the production system during certain period, on the basis of statistical data
[10, 11]. The performance characteristics of the production systems can be summarized as
follows [12-17]:
 utilization of resources,
 stock size in terms of the number of pending parts,
 machine failure statistics,
 machine blocking time,
 return on investment,
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cost indicators of production,
the amount of scraps,
the number of parts that were faulty, respectively require repair,
trouble-free operation,
time during which work is stopped due to device inactivity,
waiting time of the product before workplace,
monitoring of production performance, which indicates, how many products are produced
during the simulation,
 continuous production time for a particular product,
 the amount of inventories and work in process of production.

Figure 2: Examples of Plant Simulation exploitation [10].

Companies using Plant Simulation know the many benefits regarding the use of it. The
benefits of using Plant Simulation are especially the following [18]:
 possibility of verifying innovative changes and strategies in the virtual interface,
 maximum utilization of production resources,
 minimizing the risk associated with an investment based on its rapid simulation testing,
 20-60 % reduction in inventory, taking into account the size of the system,
 minimizing the investment costs of the innovated, respectively new system up to 5-20 %,
 reduction of capacities for personal and handling equipment,
 ensuring positive results and identifying the expected impacts,
 selection of the most advantageous possibilities regarding the size of systems and storage
space, finding sources of problems in logistics and production sphere.
The module Plant Simulation allows identifying potential problems in time when their
reparation doesn´t require time-consuming and financially demanding solutions. It prevents
problems in full operation [19, 20]. The primary function of Plant Simulation is to identify
and eliminate those processes that are undesirable for the selected production process,
unnecessary and don´t add value to the product. Preparation of the production process
simulation in the pre-production phase saves time and eliminates stoppages [21-24]. Using the
simulation model is also associated with cost reductions. Practice confirms that early
utilization of simulation models contributes to cost savings, which is illustrated in Fig. 3.
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Figure 3: Cost savings resulting from the early utilization of Plant Simulation [24].

3. PRODUCT FOR SIMULATION PROCESS
Products we have chosen for the simulation process are tapered roller bearings. Fig. 4 shows
the tapered roller bearing with its main parts. The components, from which they consist, are:
 inner ring,
 rolling element (in this case cones),
 outer ring (in the case of tapered roller bearings it is separable),
 ball cage (the purpose is to avoid contact/friction of individual cones with another cones).
Their typical characteristic, compared to other types of bearings, is the ability to transmit
big axial and radial forces simultaneously [25].
Table I: Tapered roller bearing 32303A.
Identification

Dimensions

STN (Slovak
Technical
ISO
Standard)

d

32303A

17

T2FD017

D

B

C

T

r1s

r2s

a

Weight

(mm)
47

19

16

Graphic representation / draft

20,25

(kg)
1,0

1,0

12

0,180

Description of abbreviations
d

Internal diameter of bearing

D

External diameter of
bearing

B

Width of bearing inner ring

C

Width of bearing outer ring

T
r

685

Total width of tapered
roller bearings
Dimension of mounting
rounding
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We have selected a specific type of tapered roller bearing – 32303A. It is a smaller
product, but with a wide application in the mechanical engineering industry. The price of this
product is about 5.25 €. Within the production system, we will monitor the production
workplaces that ensure its production and the material flow of this dimensional type of
tapered roller bearing. But first, we define the basic parameters and dimensions of the
product, which are listed in Table I.
We will therefore monitor the material flow focusing on:
 production flow separately of the outer and inner ring bearings,
 assembly, resp. connecting components into a single unit, i.e. finished bearings.

Figure 4: Main components forming tapered roller bearing.

4. ANALYSIS OF SIMULATED SYSTEM IN PLANT SIMULATION
For the correct simulation of the selected production system we need and use exactly two
inputs, namely input of outer ring and input of inner ring. In our case, we need to use these
other inputs:
 input of container for outer ring,
 input of container for inner ring,
 input of cones,
 input of ball cage.
Other mobile units that we will use during construction of the production system model
include these parts:
 semi-unit,
 bearing,
 full container for outer ring,
 full container for inner ring.
After grinding of the bearing orbit, the machined pieces are stored in the containers. They
don´t proceed to the next operation, respectively another workstation unless they reach the
capacity. This is summarized in Table II, where the quantity is given separately for the
container for outer ring and especially for the container for inner ring.
Table II: Tapered roller bearing 32303A.
Entity
Inner ring
Outer ring

Capacity
300 pieces
250 pieces
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Table III: List of operations, their representation in model and time.
Representation
in the model
Production of inner ring
Grinding of faces
Single Process
Surface grinding
Single Process
Grinding of the orbit
Parallel Process
Superfinishing
Single Process
Washing
Single Process
Labelling
Single Process
Supervision
Single Process
Production of outer ring
Grinding of faces
Single Process
Grinding of the orbit
Single Process
Grinding of the hole
Single Process
Grinding of relieving faces
Single Process
Superfinishing
Single Process
Washing
Single Process
Labelling
Single Process
Supervision
Single Process
Other operations
Assembly of the semi-finished product
Assembly
Removing of the semi-finished product Single Process
Fusion of the semi-finished product
Assembly
with the outer ring
Inspection of the mounting height
Single Process
Demagnetization
Line
Washing
Line
Vibration level measurement
Single Process
Packaging
Single Process
Operation

Time / piece
3.54 seconds
3.78 seconds
38 seconds
17 seconds
0.846 seconds
3.036 seconds
4.5 seconds
3.18 seconds
42 seconds
40 seconds
35 seconds
25 seconds
0.504 seconds
3.36 seconds
6 seconds
31.2 seconds
10.2 seconds
3 seconds
2.4 seconds
From time to time
From time to time
6 seconds
12 seconds

After processing the individual product areas, i.e. grinding of faces, orbit, hole and
relieving face of inner rings, respectively faces, surface and orbit of the outer rings is the final
operation in the production hall superfinishing, respectively burnishing of ring orbits. After
this operation, the rings in the containers are placed on the washing machine belt, where they
are cleaned / washed. The entire container is washed at once.
For other operations, we don´t consider with full container, but with pieces in it. We
therefore need to empty the container.
Supervision will ensure that the next workplace, i.e. assembly will not receive failures,
respectively components of other dimensional types, etc. Linking of the tapered roller bearing
components is realized at two workplaces: "semi-unit assembly" and "bearing assembly".
For these operations, we use the "Assembly" objects again (i.e. assembly stations):
1. Into the operation “Semi-unit assembly” enter three entities (inner ring, ball cage, cones),
while two separate new inputs are necessary, namely, input of cones and input of ball
cage.
The output is in this case the new entity "semi-unit". We take into account that the bearing
of the 32303A dimensional type contains totally 12 cones.
2. In the "bearing assembly" are combined two entities, namely the newly created entity
"semi-unit" and "outer ring". The output is the finished product, i.e. "bearing".
The finished bearing then goes into demagnetizing, moving continuously along the
conveyor belt, the same principle is also ensured in the washing / cleaning operation.
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Final operations are vibration measuring and packaging. In this workplace, the process of
production of the tapered roller bearing is concluded and the output is a finished bearing,
which arises from the simulation through the output "Drain". We want to track only the
number of produced bearings, so we will no longer consider packaging in boxes.
Furthermore, in the modelling, we will assign a human factor to the modelling area. It is
made for the workplaces, where their presence within the production system is necessary,
respectively on the workplaces that require the machine operator.
We assign workers to these operations (one operator for one operation):
 inspection of the inner and outer ring,
 semi-unit assembly,
 semi-unit removing,
 bearing assembly,
 supervision of the assembly height,
 vibration measurement,
 packaging.
Fig. 5 shows the 2D model of the monitored production system in Plant Simulation.

Figure 5: 2D model of the monitored production system.

In Fig. 6 is the 3D model of the monitored production system in Plant Simulation.

Figure 6: 3D model of the monitored production system.
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5. PROPOSAL OF CHOSEN PRODUCTION SYSTEM OPTIMIZATION
Our goal within production system and its optimization will be mechanization of material
flow. Ultimately, we will try to increase the number of products produced at the same time,
respectively find a way to increase production efficiency.
From the simulation tracking is evident that the machining time of individual areas of
inner rings lasts considerably longer than the time required for the production of outer rings.
The fact is that the inner ring passes through a number of grinding operations and the
container also contains more pieces of semi-finished products. However, to the assembly
operation, the outer rings are not received until a semi-unit is completed and the most
important part there is the inner ring. The question is how to make the inner ring production
process more efficient. Simultaneously our goal is to produce more products, respectively
finished bearings at the same time.
As an appropriate solution of this problem we see in the replacement of the containers
with a properly designed conveyor system. This would ensure continuous and rhythmical
transport of pieces between workplaces. As well as, employees would save time; respectively
they could concentrate on other more useful activities than transferring these transport units
from machine to machine. We therefore think as follows. After machining orbit of rings, the
individual pieces instead of being loaded into this handling unit would be directed to the
conveyor belt, with this would be moved in sequence to the next workstation, i.e. grinding of
the hole. Similarly, we would solve the location of the conveyor between the workplaces
grinding of the hole and grinding of relieving faces, and from there to the superfinishing
operation. In Table IV is the overview of the conveyor application.
Table IV: Overview of the conveyor application.
Objects, resp. operations

Conveyor length (m)

Grinding of the orbit and the hole
Grinding of the hole and the relieving faces
Grinding the relieving faces and superfinishing

3
3
4

After finishing last operation within surface treatment on the inner ring, we would
consider using containers, because washing is set in the way that the rings are all cleaned at
once by moving them over the machine belt.
We have chosen belt conveyor, which is one of the most widely used transport equipment,
because it has got application in various industries. Belt conveyors are able to transport to
short, medium and long distances. In the decision, we considered the fact what material, or
semi-finished product will be transported and under what conditions this process will be
implemented.

Figure 7: Part of the model after the change, i.e. loading the conveyor into the model.

In our case, we work with dimensionally small products of circular type of construction.
Therefore, we must count with sealing on the sides, respectively with the lateral guide on the
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conveyor sides. This is performed due to the fact that the transported semi-finished products
don´t fall down during the movement. We have to ensure that they don´t roll away around the
conveyor area, respectively have a stable position during their movement from one operation
to another operation. In Fig. 7 is a part of the production system model after the introduction
of conveyor belt into the modelling area and in Fig. 8 is a belt conveyor shown in 3D.

Figure 8: Belt conveyor in 3D mode.

Fig. 9 shows the 2D model of the monitored production system in Plant Simulation after
the changes that were described above.

Figure 9: 2D model of production system after insertion of conveyors.

6. BENEFITS EVALUATION OF THE PROPOSED SOLUTION
Our goal was to achieve a situation in which the production of a particular bearing
dimensional type would be made more efficient during the observed period (one day).
After the simulation, we will generate a statistical table with the necessary data. In our
particular case, we will be most interested in the "Throughput" item. It records the number of
products as the "output", respectively the number of products that were produced during the
simulation. As we have just tried to maximize this value as the optimization criterion, it is
crucial information for us whether we have met the goal that has been set.

1094

46

95.26 %

4.74 %

0.00 %

23.89 %

690

Portion

1:37.9339

Value
added

Bearing

Storage

Output

TPH

Transport

Name

Production

Object

Mean
Life
Time

Throughput

Table V: Statistical data from the simulation before introducing the proposed change.
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In the first case, i.e. even with the use of the containers as a handling unit, the number of
produced bearings from the data of the statistical table is exactly 1094 pieces. Other generated
items are listed in Table V.
By introducing belt conveyors during the unchanged duration of simulation, 1806
products were produced, that is about 712 taper roller bearing pieces more than in the first
case (Table VI). The main reason is to ensure a more fluent production of inner rings in the
production hall between the individual operations of surfaces grinding. Therefore, about two
more complete containers were produced than in first case.

75

88.04%

11.96 %

0.00 %

32.24 %

Portion

Value
added

Bearing 1:12.5897 1806

TPH

Storage

Mean Life
Time

Transport

Output

Name

Production

Object

Throughput

Table VI: Statistical data from the simulation after introducing the proposed change.

We will consider already about work performance of individual machines, among which
we want to place the handling equipment, i.e. workplaces that work on the inner ring. We will
compare their performance before and after the conveyor belt is introduced. We will look at
the results of "Chart", i.e., graphs used in both simulation models.
In Fig. 10 is a comparison of machine efficiency (before and after conveyors
implementation), which track utilization on operations: grinding of the orbit, grinding of the
whole, grinding of relieving faces and superfinishing.
Before conveyors
implementation

After conveyors
implementation

Figure 10: Comparison of machine efficiency.

In the graphs, we follow the ratio of green and grey colour. Green colour represents the
machine work; on the other hand grey colour represents waiting. After optimization, the work
vs. waiting ratio has slightly changed which means that the production on these devices after
the optimization runs continuously.
By introducing conveyor belts we achieved:
 increasing the number of produced bearings during the monitored period,
 continuous production.
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7. CONCLUSION
The primary objective of each company in the conditions of the current, most turbulent and
complex market environment has to be support and stimulation of development, respectively
productivity and competitiveness growth [26, 27]. The companies are forced to continually
improve and adapt to the demands of hard competition, respectively to meet the expectations
and needs of their customers [28]. The basis for this success lies in a properly and efficiently
implemented production system. There are many resources and possibilities to make it more
efficient [29]. In this paper, we have chosen as the best option in practice the increasingly
frequently used simulation. We used the simulation module Plant Simulation, which is the
tool of dynamic simulation, and is also the basis of the paper.
We have tried to increase the production of tapered roller bearings. Based on the
simulation, we decided to focus on a particular part of the material flow, namely the
production of one of the bearing elements – the inner ring. So our goal was to find a solution
that allows producing more pieces for the same time. Ultimately, the more inner rings get to
the assembly, the more bearings are produced. In the fourth main section, this was dedicated
to proposal of chosen production system optimization, we chosen a solution in the form of
belt conveyor with which we have replaced boxes.
We brought the belt conveyors to the model area of this model for the necessary design
verification. On the basis of the statistics we generated after the simulation ended, we could
compare the results before and after the proposed change was introduced. Due to the use of
conveyor belts, the number of taper roller bearings has increased by two more full boxes.
The aim of the article was to evaluate the selected production system and based on the
obtained results from the simulation, to propose actions/solutions that would increase the
production capacity, respectively would increase efficiency of production process for the
product tapered roller bearing 32303A.
From the results of final evaluation we conclude that the proposal we presented and
verified in the Plant Simulation environment can be considered as reasonable and fulfil the
purpose with which we performed the simulation.
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