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Abstract

The article deals with the use of dynamic simulation tools for planning and optimising changes in the
supply process carried out by an automated guided vehicle (AGV). The integration of new products and
the overall increase of the production capacity of the assembly line in the automotive company are
foreseen to overexpose some transport node. For problem-solving in practice was applied statistical-
experimental research method. The article in its core deals with the designing and creating of a
simulation model of AGV-transport processes using dynamic simulation, which is designed to check
the patency of routes, the feasibility of processes and detect bottlenecks. Three proposals to reduce
logistics downtime were verified. Based on the results of the simulation, one was selected to be applied.
After applying the solution, the production line tact increased by 35 %. Based on the results of the
experiments conducted on the current situation simulation model, it is important to propose
improvements to the AGV's management and transportation systems. The output is a design with virtual
verification of a new supply process without bottlenecks.
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1. INTRODUCTION

The main purpose of the business is to meet the customer's needs. Offering the customer what
he expects and needs is a prerequisite for successful sales of the product itself. This ensures
revenues that meet the needs of their own, the needs of the business entity [1]. Nevertheless,
how to succeed in the competitive environment of the 21% century? How to persuade a customer
to choose our product? The customer is primarily interested in functionality, price and quality.
We can influence price and quality by thoroughly preparing the production process and its
service processes to achieve maximum quality and quantitative effect with minimal resources
[2, 3]. By rigorously preparing processes, we set the attributes of production and service
processes and their needs, which will accompany production throughout the product life cycle.
A prerequisite for a thriving organisation is continuous improvement — a constant circle of
optimisations in the life cycle of the product [4].

Furthermore, it is the good preparation of processes in the planning phase that eliminates
the high cost of later process rebuilding and optimisation [5]. Simulation is one of the most
widely used operations-research and management science techniques, if not the most widely
used [6]. The simulation is possible to classify in statistical experimental methods because it
works on the same theoretical basis, like the methods of mathematical statistics [7]. The
importance of simulation grows mainly with the increasing complexity of systems no other
method allows systems "future looking™ with the same accuracy and denunciation capability as
simulation [8, 9]. The use of simulation is possible in particular where it is necessary to ascertain
the outcome of the activity, and a normal human estimate is no longer sufficient for this,
therefore the simulation has been developed mainly as a supporting technology of a digital
factory [10].
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When designing and implementing a new manufacturing system, introducing or
implementing changes, several questions arise as to how to select the appropriate type of
production facility, how to incorporate it into the production disposition, how to deal with tool
logistics and chip management, how to select the appropriate type of transport and handling
system (type, number, runways, speed) or for job shop scheduling [11-13]. Simulation as an
optimisation tool is increasing on importance and can be used as a tool to validate proposed
solutions without interference with the real system and errors is eliminating in the preparation
phase [14, 15]. The obtained possibility is here to authentify planned changes and find the
appropriate model or aid right before its actual realisation. The value of simulation lies in
exploring the system's behaviour under a range of operational domains which may be expensive
or even infeasible to do with the real-world system [16-18].

However, also there is valid saying garbage in —garbage out in other words inaccurate inputs
also result in inaccurate outputs, so it is necessary to properly ensure all stages of the creation
of the simulation model, especially data collection and analysis [19]. Another area involved in
a correct model is the reduction of the problem and abstraction of some elements [20].
Understanding the relationships between the different variants and the gradual creation of new
ones can be obtained by optimal or suboptimal solution [21].

The article's core deals with the design of the supply process carried out through AGV in
the automotive, industrial plant and shows how to use computer simulation to analyse current
and proposed changes. This was done due to preparing supply processes for the production of
the newly implemented product portfolio with lower tact time. The aim of simulation runs is to
verify the patency and continuity of processes with minimising costs. Based on the simulation
model outputs, a suitable variant was proposed for the application and economic evaluation and
return of investments (ROI). Both scientific and professional benefits consist of applying
simulation to support management decision-making to save process innovation costs. A
research statistical-experimental method was applied to the solution and was created 11 types
of entities and more than 160 objects with defined parameters representing the entire production
logistics system of a plant. Some sensitive data worked within the model are not included in the
article these are in particular the tact’s high, production volume and the cost of implementing
the resulting solution. The simulation is carried out in Siemens AG Tecnomatix Plant Simulation
software.

2. MATERIAL AND METHODS

2.1 Defining of solving process inputs

The article deals with a simulation that can verify whether there are bottlenecks in the system
and, based on outputs, propose the most appropriate solution to minimise the necessary
investments while ensuring a safe transition to higher capacities without compromising
production or forced multi-cost, due to operational interventions because of system
impassability. The subject of optimisation is the supply system in an automotive company. For
supply are used AGVs, see Figs. 1 and 2. The AGVs use routes that are shown graphically in
Fig. 3.

The company plans to increase tact time by 35 % for its production lines. Organisation
changes are needed to accelerated tact times. The simulation aims to optimise supply routes for
weighing parts from Supermarket 1, Supermarket 2, Circuit1 and Circuit4. In Fig. 3 are
outlined routes for the above-mentioned circuits. Circuit 1 and Circuit 4, outlined by a yellow
colour, has 2 Pcs AGVs on Circuit 1 and only 1 Pcs of AGV on Circuit 4. Circuit 2 in Fig. 3
coloured by red has 4 Pcs. of AGVs. Route of the Supermarket 2 called Circuit 3 outlined by
blue colour has 7 Pcs of AGVs on circuits. Route Circuit 5 has green colour and have 6 Pcs. of
AGVs on the circuit.
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Figure 1: a) AGV "Circuit 4" pulling 3 trucks (2 full-Left side + Right side and 1 for exchange);
b) AGV "Circuit 1" pulling two trucks (1 loaded, 2 for exchange).

Figure 2: a) AGV "Circuit 2" pulling three trucks; b) AGV "Circuit 3" with 2 Pcs. of a sequent buffer;
¢) AGV "Circuit 5" with 2 Pcs. of trucks.
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Figure 3: Supply routes to be checked by dynamic simulation.
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Explanatory notes and information to Fig. 3:
e empty arrow — empty palette direction / sequential truck;
o full arrow — full palette direction / sequential truck.

For model parameterisation, input data is required. Among these data within our model is
data from the manufacturer of AGV devices. The AGV system deployed in this section of the
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hall comes from CEIT Technical Innovation, s.r.o. Zilina. For modelling, the technical

parameters of the deployed technique were used:

e turn radius of the sets — depends on the size of the pulling trucks (see Fig. 4);

e for AGV radius, the values selected are truck length 1600 mm, truck width 1200 mm and
radius 2000 mm required;

e speed of AGV devices — depends on where AGV is currently located.

\ R2000.000 1200.0000
A

Figure 4: Sketch of AGV turning.
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Although the company indicates a maximum speed of 2 m/s and 1 m/s for the Circuit 2
AGYV for the types mentioned above of equipment, it is clear that such speed is not achieved
due to the number of turns, movement of persons and possible disruptive influences (runway
blocking). Therefore, on average, a speed of 0.8 m/s is usually entered into the simulation for
direct direction, 0.3 m/s for turn passage and acceleration and/or deceleration of 0.25 m/s.

In this solution, we will not consider pulling trucks' weight, which impacts the choice of the
appropriate technique, because we are making a change already on the existing process, and
any possible changes will be an extension or modification of existing facilities.

Data on individual supply routes necessary for the calculation of the minimum number of
tractors and trucks on the circuit show Table | and Table I1.

Table I: Overview of technology and inventory.

Length No. of | No. of tracks for AGV | Supply/ | Time | Time for

AGV of Curve | AGVs/ AGV | for load | unloading

circuit | circuit | (No.) | circuit | | Empty for (No.of | AGV | AGV set
(m) (No.) | Fu exchange Sum | products) | set (s) (s)
Circuitl | 442 11 2 1 1 2 9 53 83
Circuit2 | 242 9 4 3 0 3 3 151 336
Circuit3 | 365 10 7 2 0 2 2 221 221
Circuit4 | 494 10 1 2 1 3 24 575 575
Circuit5 | 319 10 6 2 0 2 2 112 112

Table I1: Route lengths and limits.

Length of | Curve | Route (full | Route (limit | Route mean R(_)ut_e speed
Parameter P limitation
circuit(m) | (No.) | speed)(m) speed) (m) speed (m) (m)
Circuit 1 442 11 398 44 387 55
Circuit 2 242 9 206 36 197 45
Circuit 3 365 10 325 40 315 50
Circuit 4 409 10 369 40 444 50
Circuit 5 319 10 279 40 269 50
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3. RESULTS

3.1 Creation, validation and verification of the simulation model

Based on input data, a simulation model was created, verified and validated. Verification means
checking the model's internal logic, examining whether all necessary details are displayed for
the proper running of simulated processes. In addition, all syntax and logical errors are removed
from the model. Validation means checking the conformity of the simulation model with the
real process. The model confirmed the real situation, where tractors and sets' supply of
processes is sufficient, and there is also no blocking and shutdown of production. After carrying
out the simulation after analysis of the simulation experiment, it follows that the line is supplied
on all nodes without risk of production failure due to non-delivery of the material on time.
Based on the inspection and comparison with the real process, we can conclude that the
simulation model is relevant to the simulated real situation and we can move on to experiments
with the new capacity structure of the production line.

3.2 Development of experiments for new production parameters

The sub-chapter deals with the analysis of process changes and their impact on the numbers of
tractors and sets. At the same time, the sub-chapter described the content of changes in
simulation models that define individual variants as well as the course of experiments.

Analysis of process changes and their impact on tractor and assembly numbers:
Previous input data show that the tact time is in actual process higher than that which is changed
to lower values by rebuilding and modifying the production line. As a result of this change, a
higher frequency of supply becomes necessary. The effect on the supply routes in the selected
section and the number of tractors and sets in them can now be checked. To calculate the
approximate number of AGV tractors needed (in the form of static calculations) together with
the number of trucks, Eg. (1), the number of circulations, Eq. (2), the sum of possible
circulations, Eqg. (3), availability time AGV, Eg. (4), the time need to one circulation of route,
Eq. (5), we will use the following relationships, which are modified in MS Excel format:

¥ needed circulation (for shift) _

Numb ftrucks = Round
Hmber ot trucks oun up(Z potencial circulation (for shift)’ (1)
Number of neded circulations =
¥ vehicle in manufacturing program (for shift
= Roundup( & PTog ( ) ;0) (2)

supply on one circulation X

Explanation: The number of products in this case = products/shift. Supply for one
circulation differs from the individual supply routes, and it is necessary to refer to that cell in
the formula in the table.

Availability time AGV (for shift) .
Time need for one circulation of route’ (3)
Availability time AGV = (4)
= Availability time on change — time to recharge — random influences

Explanation: The available time for the shift is 7.5 hours, i.e. 450 min or 27.000 s, the
charging time is roughly 20 % of this time, and the random influences depend on the
circumstances and environment. In our case, we count 10 % of the available time for the shift.

¥ Possible circulation = Rounddown(

Time need for one circulation of route =
_ ( X Length straight section ) (Z Length of curve

2 Ti load
@ speed on straight section ) + 2 Time on loa (5)

+ X Time on unload

@ speed in curve
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Explanation: The lengths of the straight sections were measured from the layout or
physically in the hall. The length of the turns in relation to the passage of the whole set, in this
case, is calculated 5 m. Speeds for the straight section are calculated 0.8 m/s and for turn
0.3 m/s. Loading and landing times, in this case, were measured in a real environment. These
relationships have been deployed to MS Excel, see Table III.

Table I1I: Calculation table — for check the necessary numbers of tractors — static calculation.

AGV | Lengthof | Curve Time_ nee_d Oneinfill= | AGV Actual Actual
circuit | circuit (m) | (No.) for circuit | supply (No. | need | using AGV | AGV need
(s) of products) | (No.) (No.) (No.)

Circuit 1 442 11 803 9 2 2 0
Circuit 2 242 9 904 3 4 4 0
Circuit 3 365 10 1,002 2 7 7 0
Circuit 4 494 10 1,872 24 1 1 0
Circuit 5 319 10 727 1 10 6 4

It is clear from the calculations in Table Il that a reserve available to us is sufficient to
cover a given increase for 4 out of 5 circuits, but for the Circuit 5, an increase of 4 pieces of
AGV equipment is required. The reason is apparent in the change in the concept of weighing,
which was forced by the increase in variants. One AGV pulls two sets in the current state, while
in the new enforced concept, it is one set. It is positive for the planned condition that there is
no increase in tractors on the circuits except one. For these four circuits, this means that we will
achieve even better efficiency and load capacity of the equipment by increasing production
capacity. It is then necessary to examine in the simulation model what will mean an increase of
the Circuit 5 by 4 Pcs. of tractors.

Variant A", modification of the simulation model and effect of the experiment: The
positive thing is that the technique is increased to only 1 circuit. The first proposal is "A" to
leave routes and circuits unchanged and to add the missing technique to the Circuit 5. The
model is modified by adding four sets to the mentioned route and then running a simulation
run, evaluating the simulation results.

The main route of all five circuits is blocked, according to simulation experiments carried
out on the modified model. The reason is as predicted in the undersized route of the Circuit 5,
which the other four pieces of sets are no longer able to implement capacity. The simulation
shows that the Circuit 5, which has a single waiting position for three sets, does not fit capacity
to ensure the smooth delivery of the material after the automated technique has been increased
(see Fig. 5).
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Figure 5: The blocking area in the "A" variant experiment.
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Blocking routes and influencing production supply best demonstrates chart of activity and
waiting devices in Fig. 6, which shows that the risk of a blackout occurs at all supply node,
most on the Circuit 3.
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Circuit

mWorking  m\Waiting

Figure 6: Impact of supply on the activity of production facilities — Variant "A".

Variant "'B"", modification of the simulation model and effect of the experiment: Based
on the results of the version "A" tests, the initial issue was caused by the aggregation of Circuit 5
sets in waiting positions. A second idea was generated after these sets blocked the most
burdensome node in this portion of the hall. Proposal "B" is to lengthen the waiting position or
add another waiting position to allow for further sets to be accumulated (see Fig. 7).
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Figure 7: Variant "B" — integration of additional waiting positions.

However, based on the hall's current layout, the distribution of other processes in this
section is no longer possible. Change is only possible in the case of expensive chain changes
for other sections. From a time point of view and due to the economic demands of a possible
redevelopment and the risks associated with the continuity of parallel processes, this proposal
was rejected.

Variant "'C", modification of the simulation model and effect of the experiment: The
only solution to ensure the patency of supply routes is to create additional waiting points for
the Circuit 5 and also to relieve the connecting section between the assembly and sequential
workplaces. A possible solution was provided by modifying the maintenance workshop, which
was located at the welding line for exhaust systems and formed a natural obstacle to other
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possibilities in the tracing of material flows. The modification consisted of extending the
welding line and centralising the maintenance of the equipment in this hall. This opened the
section between the built-in (office and team rooms) and the exhaust weldment room.
Variant "C" takes advantage of this change of hall layout and allows to implement of the
extension of "Trucks" from the current three stands to a total of 6 stands and the unifying of the
route Circuit 5. The difference between the original route and the proposed route is shown (see
Fig. 8). After measuring the route, the route was shortened from the current 319 m to 294 m,
which creates a positive effect for further potential capacity increase (see Fig. 9).
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Figure 9: A modified simulation model for variant "C".

After experiments in the modified model, it was found that the design was in order, and the
simulation runs were conducted without blocking the devices. The experiments' output
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represents Fig. 10, which confirms the running of production facilities without blackouts and
waiting due to missing material.
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Figure 10: Impact of supply on the activity of production facilities — Variant "C".
3.3 Summary and evaluation of proposals

Based on the analysis and experimentation in the simulation model, we can conclude that due
to the issue of capacity increase in a given section, it is necessary to modify a single route from
the five circuits examined. In this case, it is the addition of 4 part of the AGV technique, which,
however, causes the current infrastructure to be blocked on the basis of simulation outputs. For
this reason, when designing as an ideal variant "C", it is also necessary to rebuild one route, the
Circuit 5 route. At the same time, with this redevelopment, we are gaining the possibility of
further expanding production and supply capacities. A brief summary of each proposal's facts
(see Table 1V).

Table IV: Summary of the facts for each proposal.

Variant Plus Minus Recommendation
A W';[Efc’r l;tst(; Bi'&?g)f the si_mulation outp_ut shows high not realised
- risk of production delays
simple and fast deployment
i high costs (forced change of
parallel processes) .
B high time requirement (change not realised
i parallel processes)
the simulation output higher time-consuming towards
C confirmed the feasibility "A" (rebuilding) suitable for
possibility of another slightly higher investments towards application
potential capacity expansions "A"

Based on the facts established and the experiments carried out on simulation models, a "C"
proposal is recommended. A feasible solution without risking compromising production
processes.

Economic assessment of the recommended proposal: In the previous section, based on
the finding and recommendation simulation, the proposal "C" was found as a technically
feasible and effective solution. To recommend a solution, the following section quantifies the
costs associated with these changes. In the cost analysis, it was found that the financial
difference in the investments needed to carry out proposal "A" and proposal "B" was not
significant in relation to the total investment.
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The costs can be divided into three types, i.e. adjustment of routes, AGV tractors and trucks
to the set. This division shows that investment in tractors, trucks, and integration must be paid
for in each of the proposals (other technology from static conversion). The difference is,
therefore, only the modification of the route. The amount of investment is around 10,000 €.
After the overall calculation of the ROI — the return of investment, in this case, is 1.69 years.
This means that if we had made the adjustment conventionally and had direct personnel costs,
rental of conventional equipment, etc., we would have incurred the costs in as early as
1.69 years. During the further running of the process, we would only lose or use resources
beyond the investment's total value.

4. DISCUSSION

The study's main finding consists of simulation verification, the accuracy of the results of
simulation experiments, current state and variants for conducting experiments.

Simulation verification of the proposed solution helps to detect shortcomings before it
is put into production: This conclusion can be reached in sub-chapter 3.2 where a series of
experiments has been carried out after the simulation model has been developed. The first
variants A and B were at the beginning proposed as the preferred solution. However, the
negative effects of these variants on the supply system were discovered during the experiments.
The main route of all five circuits was primarily blocked in experiment A, due to the circuits'
undersizing. Option B found that no expansion of waiting positions is feasible based on the
current layout of the hall and the layout of other processes in this segment.

The accuracy of the simulation experiments results depends on the simulation model’s
validity: The simulation model is sensitive to the degree of abstraction of the elements of the
real system. If there were too much abstraction, then the simulation results would not
realistically respond to the real system's course. With appropriate abstraction created by us, the
model showed a low need for computing power. The submitted model was validated and
validated according to the real system and showed high compliance.

When planning optimisations of supply processes, it is necessary to consider the
current state: The assigning of dimensions to objects and entities according to the real state of
production is an essential part of modelling processes that depend on lengths. In our case, it
was the assigning of measurements and numbers to the trucks that are pulled behind the AGV.
Also crucial in modelling is the correct allocation of planes and arcs' transport lengths and the
speeds that real AGV achieves in production before and after unloading in these locations. In
transport processes, the logic of activities is important, which has been processed using different
methods.

When creating variants for conducting experiments, it is advisable to take into account
the results of previous experiments: Part of the selection of the named parameters that are
defined in the description of the variant is the recording of results from the previous simulation
runs. Each parameter in the variant is reflected in the result of the experiment. Therefore, it is
appropriate to isolate those that positively affect the system and to include them in other
experiments. This was also the case in our case when experiment C was created by selecting
the most appropriate parameters from the first two variants A and B and adding a change in the
parameters that were not used.

5. CONCLUSIONS

The article in question is dedicated to constructing a simulation model, which is a virtual image
of the real logistics system and experimentation with this model. A model is presented to
demonstrate the potential of modelling and simulation in logistics optimization. Simulation is
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a good way to easily determine the existing status of a plant layout and future improvements.
The work's advantages included verifying, choosing a technological solution by simulation, and
estimating the amount of costs for process innovation. The proposals made following the
request to address the increase in production and supply capacities were examined in simulation
experiments, which helped detect and confirm an appropriate solution to the problem.

From three proposed solutions, one was chosen for implementation as the best.
Simultaneously, the financial analysis confirmed that the economy of the proposed solution
investment of about 10,000 € is returned in 1.69 years. A dynamic simulation is a tool that can
not only detect bottlenecks and provide space to respond by early intervention in planning but
helps to find suitable solutions by eliminating unwanted effects such as forced multiple — costs
associated with possible wrong decision or purchase of unnecessary technology that will not be
used or has low usability. Thus, unnecessary investments will not be negatively reflected in the
overall price of the product. In the future, such verification will be gradually applied to all
production lines in the context of the factory of the future.
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