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SIMULATION INVESTIGATIONAL METHOD
FOR DETERMINING THE PERFORMANCE CHARACTERISTICS
OF LOGISTICS SYSTEMS

Abstract. Complexity of the logistics processes implemented is increasing as a result of striving to
satisfy individual custom-er needs regarding the companies. Defining the operational
characteristics of these processes is a growing challenge for logistics experts. Incorrectly defined
operating characteristics can result in significant losses (e.g. unjustified investment, unsatisfied
customer requirements, etc.). A simulation investigational method for the determination of
operating characteristics has been developed on the basis of experience gained in industrial
research con-ducted in the last years. | believe that the investigational process that will be
presented will be useful to many professionals in implementing a simulation examinational process.
Keywords: simulation investigational method; logistics systems; logistic indicators; operational
characteristics.

1. INTRODUCTION
Nowadays, there is a clear trend towards diversification of customer
needs, with the result that only companies that are able to produce customized
products that are often required by customers at a low cost and/or high-quality
level can remain competitive. If we want to translate this into the language of
logistics means that the number of product types to be handled and the
complexity of logistics systems are constantly increasing [1-3]. Concerning the
complex material flow systems, simultaneous production and logistics
management of products of several product lines is carried out. As the
complexity increases, the application of new industry 4.0 technologies [4-5]
becomes more and more important, including simulation examination of the
investigated logistics systems.
I have been participated in several industrial research projects in recent
years [6] at the Institute of Logistics, University of Miskolc, the most important
of which are the following:
¢ Innovative design of simulation methods for installing the objects of
technological processes related to small-scale production of parts of
the tool factory at the Audi Hungaria Motor Ltd (Participants: Dr.
Péter Tamas, Dr. Béla Illés, Sandor Tollar).

e Development of a parameterizable simulation model of maintenance
activities for MAV-TISZAVAS Miskolci Jarmijavitdo  Ltd.
(Participants: Dr. Béla Illés, Dr. Péter Tamas).

© P.Tamas, 2020
188



ISSN 2078-7405. Pizanua ma incmpymenmu 6 mexnonoziunux cucmemax, 2020, sunyck 92

One of the objectives of these research projects was to determine the
operational characteristics of an limited logistics system, which allowed
minimizing the risks inherent in the design/development decisions of the
company under the examination. In the following, the steps of the simulation
test method developed to determine the operational characteristics based on
practical experience are presented.

2. SIMULATION INVESTIGATIONAL METHOD FOR
DETERMINATION OF THE OPERATIONAL CHARACTERISTICS
The steps of the simulation investigational method for determining the

operating characteristics are illustrated in Figure 1.
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Figure 1 — Simulation investigational method for determining the operational
characteristics [edited by the author]

A/l Defining the objectives of the simulation examination: The basic
objectives of defining operational characteristics in a current or planned system
are to avoid design failures and to identify directions for improvement
regarding the:

o developing storage capacities,

o operation of material handling machines,
e operation of technological equipment,

e human resource management.

During the exploration of design failures, we examine which parameter of
the system under investigation does not meet the requirements (eg storage
capacity, handling capacity, etc.). The development areas are basically
determined through the evaluation of the examined system, which requires the
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determination of the selected operational characteristics (e.g., warehouse
expansion, equipment acquisition, route planning efficiency increase, etc.).

AJ2 Determination of the examined system: The logistics system under
consideration (e. g. a given production line, complete production system,
storage system, etc.) should be clearly delimited on the basis of the
investigational objectives.

AJ3 Studying the system's operation: After defining the system under
investigation, the person who makes the simulation model have to understand
the material and information flow of the examined system.

A/4. Defining the logistics indicators to reach the ivestigational
objectives: In this step, the operational characteristics (e. g. maximum
inventory level, utilization of the equipment, etc.) that define the
investigational objectives (see Step A/1) have to be defined.

Key logistics indicator [6]:

1. Decision support for determination of the storage capacity to be
created: Precise determination of the storage capacity needed for a system to be
realized can cause significant difficulty because of the complexity of the
processes. In such cases the necessary controls and alterations can be executed
by the elaborated simulation method.

e Maximum stock level: This is how to determine the
maximum storage capacity need(s) regarding one or more storage
systems. The maximum stock level of the storage system s can be
calculated as follows

Q:Aax = r;ggg({q&) + 0y, _qski} (1)

where e° is the date when stock movements were executed, qs, is the starting
stock level, gy, contains the stocked in amounts, qq, the stocked out product
quantities regarding date t.

2. Decision support for determination of the material handling
equipment’s efficient utilization: The working strategy and efficiency of the
material handling equipment can be difficult to evaluate before the realization
of the examined system regarding the intermittent production systems, but the
necessary controls and alterations can be executed by using elaborated
simulation investigational method [7].

190



ISSN 2078-7405. Pizanua ma incmpymenmu 6 mexnonoziunux cucmemax, 2020, sunyck 92

Most important indicators:

o Rate of the effective route length: This expresses what percentage of
the material handling equipment’s total traveled route length was
executed without unladen vehicle. The rate of the effective route
length in case of the material handling equipment m can be calculated
as follows:

R;: :st(—)z(ld)/z:deem(ld) (2)

where ©, is a set containing the identification of the traveled route sections for
the material handling equipment m, @° includes the identification of the
effective route sections, and |, indicates the length of the route section d

according to equation (2).

e Capacity utilization of the material handling equipment: This
introduces what percentages of the material handling equipment’s
transportation capacity is utilized during the examinational period.
The transportation capacity of the material handling equipment m can
be defined as follows:

Cn= st@,ﬁ (Id ’ cﬁvd ) / st@m (ld “Cha ) 3)

where c;,, indicates the delivered products’ quantity regarding route section d
of material handling equipment m and c[% contains the transportable

maximum quantity regarding route section d.

e Stock in, stock out and commission efficiency of the material handling
equipment: This introduces the material handling equipment’s average
stock in, stock out and commission quantities per unit time. The
average stock in, stock out and commission efficiency of material
handling equipment m can be calculated as follows:

P =N, /T,
m m m (4)

where i <{s1,80,cA} can contain 3 Kinds of values depend on the type of the

examined operation (Stock In, Stock Out, Commission Activity). N! indicates
the number of operations in case of operation type i of the material handling

191



ISSN 2078-7405. Pizanua ma incmpymenmu 6 mexnonoziunux cucmemax, 2020, sunyck 92

equipment m, while T shows the length of the examinational period regarding

operation type i of material handling equipment m.

3. Decision support for determining the actuation of the technological
machines: The working properties and efficiency of technological machines to
be applied can be difficult to evaluate for intermittent production systems;
however, the necessary controls and alterations can be realized using the
elaborated simulation investigational method.

Most important indicators:

e The rate of value added activities: This introduces that what
percentage of the assigned technological machine’s examinational
period is spent on value added activities.

e The rate of waiting activities: This indicator shows what percentage of
the assigned technological machine’s examination period is spent on
waiting activities.

e The rate of changeover activities: This indicator introduces what
percentage of the assigned technological machine’s examination
period is spent on changeover activities.

e The rate of blocking activities: This indicator shows what percentage
of the assigned technological machine’s examination period is spent
on blocking activities (the machine is not able to move the parts to the
following station because the station is occupied).

e Amount of completed products: This shows how many products were
completed during the investigational period by the assigned
technological machine.

The rate of the value added, waiting, changeover and blocking activities
can be calculated as follows:

Re=2ar(te)/Te ®)

where je{vA wr,co,B} indicates the type of examined operation and o}

contains the operations of technological machine e regarding operation type j.
In addition, T,is the length of the examinational period in case of technological

machine e.

4. Decision support for determining the application of the human
resources

Most important indicators:
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e The rate of value added activities: This introduces what percentage of
the assigned worker’s xamination period is spent on value added
activities.

e The rate of waiting activities: This indicator shows that what
percentage of the assigned operator’s examination period is spent on
waiting activities.

e The rate of changeover activities: This indicator introduces the
percentage of the assigned operator’s examination period spent on
changeover activities.

e The rate of blocking activities: This indicator shows the percentage of
the assigned operator’s examination period spent idle due to blocking
activities (the person is not able to move the parts to the following
station because of the station’s occupation).

e Amount of completed products: This shows the number of products
were completed during the investigational period by the assigned
operator.

The rate of the value added, waiting, changeover and blocking activities
can be calculated as follows:

Ri=>"(t,)/T, (6)

0eOf

where ke{VA wT,Cco,B} indicates the type of examined operation and ©j

contains the operations of the human resource h regarding the operation type k.
In addition, T, is the length of the examinational period in case of the human

resource h.

In most cases, the indicators described above will provide sufficient
support to make the necessary decisions, but in specific cases other indicators
may need to be defined. Most simulation frameworks used in practice are
capable of graphically displaying the values of predefined indicators (plotter,
frequency function, distribution function, etc.), providing additional
information for more efficient decision support.

A/5 Designing the simulation investigational model: After defining the
investigated logistic system and defining the logistic indicators to be created,
the material flow processes of the simulation investigational model, as well as
its data structures and operating algorithms are defined. In order to increase the
clarity of the simulation model, the way in which the model is structured (eg,
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the selected subsystem is placed on a separate modeling surface) is also
determined at this step. In practice, there are several simulation frameworks (e.
g. Arena, Simul8, Plant Simulation, etc.) which differ only slightly in their
operational concept.

A/6. Implementation of the simulation investigational model: Based on
the prepared plans, the simulation investigational model shall be prepared by
creating a custom application or applying a simulation framework. The use of
simulation frameworks enables the use of predefined objects, evaluation and
optimization functions, which significantly increases the efficiency of realizing
the required examinations.

AJ7. Uploading A/9 data: You can upload specific data structures by
manually uploading data and/or creating the data connections. Data can be
uploaded using data generated by on-site measurements and/or provided by
information systems.

A/8 Testing and validation of the simulation investigaional model: The
operation of the prepared simulation model, which is filled with the defined
data, have to be tested and validated. The implementation of this phase should
be carried out in close cooperation between the simulation study designers and
the contractor company. When testing the simulation model, the following
types of failures that can be corrected can occur:

- incorrect data recording,

- inadequate data communication,

- inappropriate material flow route,

- bug.

After the necessary tests and corrections have been made, the validation
of the investigational model can be realized by checking the processes of the
simulation investigational model and/or comparing the data obtained from the
simulation investigational model and the real system.

A/9 Running the simulation model: After validation, the simulation test
model have tot be run and the logistic indicators defined.

AJ/10 Evaluating the results of the run: Based on the logistics indicators
defined, the results of the examination have to be evaluated, which results in:

- detection of design failures,

- identification of the improvement fields ,

can be realized.
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AJ/11. Verifying the acceptance of results obtained [7,8]: If the results
obtained are acceptable, then additional tasks are defined that may be directed
to conducting further investigations or implementing the approved plan (Step
AJ/12). If the results obtained do not make a decision in relation to the objective
of the examination, the defined system may need to be modified and a
simulation examination repeated (Step A/13).

The study of the adaptation possibilities of the developed investigational
method in the field of machining [9] is the subject of further research.

3. SUMMARY

The paper describes the processes that significantly contribute to the
increase of the complexity of logistics systems. It can be stated that as the
complexity increases, the determination of the operational characteristics of the
logistics systems investigated - with sufficient reliability - is an increasing
challenge for the logistics professionals. This may require the use of simulation
investigational methods in many cases. Using the experience gained in solving
industrial research tasks, | described in detail the characteristic process of
defining operational characteristics, which can serve as a help for the logistics
professionals performing simulation testing. Using the experience gained in
solving industrial research tasks, | described in detail the simulation
investigational process of the determination of operational characteristics,
which can be helpful for the logistics professionals performing the simulation
examination.
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[erep Tamam, MimkosbL, YropinHa

BUKOPUCTAHHSA METOY IMITAIIIHHOI'O MOJIEJTIOBAHHS
JJIs1 BABHAYEHHS POBOYNX XAPAKTEPUCTHUK
JIOI'ICTUYHUX CUCTEM

AHortauis. Ckraouicms 6npo6adNHCYBAHUX JIOICIMUYHUX Npoyecie 3pocmae 6 pesynomami
NPACHEHHs  KOMNAHIU  3a00804bHUMU  THOUBIOYANbHI  nOmpebu  3aMO8HUKIG.  Busnauenus
eKCNIyamayiitHux Xapakmepucmuk yux npoyecie € 3pocmardoro npobremoro 01s gaxieyie 3
nozicmuxy. Henpasunvho eusHaueHi excniyamayitimi XapaKmepucmuKky MOXCYmb npusecmu 00
BHAYHUX empam (HANPUKIAO, HeOOIPYHMOBAHI IHBeCMUYIL, He3a0080IeHI BUMOU KIIEHMIG i M.N.).
Memoo imimayitinoco 00CHiONHCeHHs 0N BUSHAYEHHA eKCHIYamayiliHux Xapakmepucmux 0ye
PO3pOoOIEHUL Ha OCHOBI 00C8I0Y, HAKONUYEHO20 8 OCMAHHI POKU 8 NPOMUCTIOBUX 00CTIONHCEeHHAX. B
Januil yac cnocmepieaemvcsi 4imka MmMeHOeHYis wooo ousepcugikayii nompe6d KiicHmis, 6
pe3yibmami 4020 KOHKYPEHMOCHPOMONCHUMU MOXHCYMb 3ANUUAMUCS MINbKU KOMNAHIT, 30amHi
supoOIAMU THOUBIOYANLHI NPOOYKMU, AKI YACMO NOMPIOHI CNOHCUBAUAM 3A HUSLKUMU YIHAMU | HA
BUCOKOMY pi6Hi akocmi. SKwo nepegecmu ye Ha MO8y NOSICMUKU, Ye O3HAYAE, WO KibKiCMb
00pobosanux munie NPOOYKmMie I CKIAOHICMb cucmem J02ICMUKYU NOCMINIHO 3POCMAIOMb.
OcHO8HI Yini 6USHAYEHHA eKCHIYamAayiiuHuX Xapakmepucmux 6 ROMOUHIU abo 3aniaHO8aHill
cucmemi nOAAANOMb Y MOMY, Wob YHUKHYMU 300i8 NPOEKMYBAHHA | BUSHAYUMU HANPAMKU O
NONINWIEHHS.  PO3GUMKY CKAAOCHKUX nomyscrHocmetl, excniyamayii  8aHMAXCHO-
PO3BAHMANCYBANLHUX — MAWIUH, — eKCNAyamayil — MexHON02IYHO20 — OONAOHAHHSA,  YNPAGIiHHA
nepconanom. Y binvuwiocmi 6unaoxis nocicmuyni inoukamopu 3abe3neuams 00Cmamuio niOmpumMKy
015 NPUITHAMMSA HeOOXIOHUX piuleHb, ane 8 OKPeMUX 8UNAOKAX MOodce 3HA00OUMUCS SUSHAYEHHS
iHwux inoukamopis. Bukopucmosylouu 00ceio, ompumanuil npu SUpieHHi 3a0ay npoOMUCIO8UX
docniddicenb, 6 cmammi npeocmagieHull XapaKkmeprul npoyec GUSHAYEHHS eKCHIYamayiiHux
XapaKkmepucmuk, a maxkoxc, OemaibHO ONUCAHO Npoyec OOCHIOHCEHHS MOOEN08AHHA O
BUSHAYEHHS eKCNIYAMAYIlHUX XAPAKMepUucmuK, AKUll Modce Oymu KOpucHuil Ons gaxieyie 3
JI02ICMUKY, WO BUKOHYIOMb MOOETIO8AHHS MA 020 NEPEBIPKY.

KuarouoBi cioBa:  ivimayitina modensb, cucmema  J02ICMUKU;  NOSICMUYHI  IHOUKAmMopu,
eKCNIyamayiiti Xapakmepucmuxu.

196



