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Abstract: The article deals with increasing the efficien¢yagistics flows for the area of storage and pickiThe aim

of the processed study was to focus on the anaf$igjistics activities and processes, the statipply and inventory
management. An assessment of the effectivenesgdhtroduced information system at the selectethause was
carried out, which led to changes in a positiveation in the very process of storage and managesfispecial products.
The study presents the design of variants, thetmbeof the optimal one using selected decisiohkingamethods and
the introduction of a new warehouse system, wheeld$ to the efficiency of the entire storage prmaeshe NPI (New
Product Introduction) warehouse. The output ofstinely is also the implementation of the selectetatinto industrial

practice, which is declared by the elaborated ptajethe introduction of the selected varidrtie article is a contribution
related to the process of implementing a warehansepicking system for specialized material items.

1 Introduction Logistics is a very broad field that largely affethe

Supply chain logistics combines two basic processe@oper operation of the entire company. As longaks
The first task of supply logistics is the actuapiy. It logistics activities work correctly, we hardly i
combines physically executed operations and presessogistics. But we will realize its importance theoment
such as receipt and transport of goods, planning aAhy problem suddenly arises, be it during suppbyage,
management of warehouse operations and, last kut @6 Shipment of goods. The effects of bad logistias be
least, controlling the flow of information and maads Serious for the company, in some cases even lingla.
within the logistics operations. The general ofijecof —For these and other reasons, more and more empfasis
supply logistics is identical to the overall objeetof Placed on logistics in companies [1,2]. We rankehause
logistics, namely, to reduce costs and increase tAg@nagementamong important parts of logisticsvetsate.
efficiency, fluidity and flexibility of logisticsThe second ~ Logistics deals with the overall optimization,
area of supp|y |Ogistics is focused on market a;]a]y coordination and synchronization of all activitiem,e
monitoring price trends, searching for the optiswplier ~chains of which are necessary to economically aehee
as well as establishing a favourable relationsteipvben given final result [3,4]. The logistics system asviaole
customers and suppliers or negotiating adequag@nsists of three subsystems:
contractual terms. It can therefore be said thatghrt of ~ *  Material system — this includes material records,

supply logistics is directly focused on procurement material security management, implements material
Purchasing is increasingly conditioned by the otida flow.
and analysis of information from markets, suppliansi * Information system — works with data on the
competitors that lead to developing particular $upp previous, current and expected state of the méteria
strategies. flow.

Strategies represent the planning and management Management system — processes information at the
processes of logistics. Thus, in the market, aurentan point of origin in real time. The effectivenesghuf
either adopt a strategy of active positioning (ativa management is influenced by the quality of
effort to seek the best terms and agreements imémuket) information, its availability and timeliness.

or it can afford a passive strategy where the matkelf

can offer the best terms and conditions. The choice More and more demands are placed on the optimizatio
strategy and the market position depend on a lauggber of stock levels. In the case of optimal inventory
of factors and on the actual goods or materialsrmte management, costs are not the only aspect we folfow

on the type of market and its competition. each company, it is necessary to assess the way of
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inventory management individually. Each company hgg  Methodology, case study

different economic Conditions, different inventory Each enterprise has its own Specific purchasin@goa
management and valid legislative standards oféh@tty jts own purchasing policy and uses different proces for

in which the economic activity is carried outslirinportant the procurement of input materials depending omé#tare

to observe the following aspects to determine fgbtr of the manufactured products, the size of the priter, the

strategy: distribution of suppliers and the technical equiptra the
+ degree of processing of the item (productiornterprise. In the investigated company, the iromnt
stocks, unfinished or finished products), management system is closely monitored. Inventaries
+ type of demand (dependent, independentreated in centers directly related to production o
trending, seasonal), shipping, from the material itself needed for prctthn,
+ the place in the company's material flow wher¢hrough stocks of unfinished production to finabghucts.
the stock is currently located, In general, the supply process consists of sulvitet
» types of stocks according to ABC classificatiorsuch as purchasing or ensuring inputs into theymtizh
(XYZ) analysis. process, then transport to the warehouse and stassif.

All the company's activities are elaborated in diétathe
Warehousing is an important component of the enti@mpany's internal directives, defining the goplsyers
logistics process of the company, and logisticsagars and responsibiliies of individual employees, and
are well aware of the need to improve the proditgtinf ~ specifying the exact procedure for the course diidual
warehouse operations. This can be done in many.wagstivities in the company.
Most often, system-oriented programs are used Hisr t
purpose (they directly affect the way differentneéants of 2.1  Purchase
the logistics system interact) or programs based on Ensuring materials for the smooth running of
motivation (employee training, rewards, bonusesy][5 production is an essential basis for early and detap
Optimizing warehouse processes in an economic sensaatisfaction of customer requirements. The enkiopping
not a priority for the company, because it does n@rocess inthe company is ensured by the so-aalégdrial
fundamentally affect the value of the product, bs t planners whose task is the purchase of incoming
storage processes produce only a few activitiesatld components, including the incoming inspection afsth
value to the product. The main reason for the eemagof components. The purchase of material is carriedouhe
various problems in the warehousing process ifatfi¢hat basis of a pre-approved production plan. Special
there is no standard in this area from which bissies can components and material for special productiorabways
base themselves [8-10]. Therefore, if a companytsven ordered in exact quantities, according to customer
start optimizing its warehouse processes, it must f requirements, as the price of these input matdsgalsvays
analyze them, specifically create: higher than for mass-produced components.
« analysis of efficiency and productivity of work in
warehouses in terms of increasing and reducirg)2  Transport to individual warehouses
costs. The most suitable solution is the automation Ensuring the transport of input materials to the
of warehouse operations, company's external warehouses is carried out bgrakv
+ performance analysis between supply anduppliers, i.e. different external transport comiesn
customer chains within the selection of a suitabldepending on the countries from which the goods are
storage system and integrate this system into tloedered.
material flow. Within the framework of suppliers from the EU, tkac
with a transport time of approx. 7 days are usedas
However, many causes of excess storage can $tandard for the transport of materials and compisne
relatively easily eliminated with the help of moder The second option is vans, which is a faster metbfod
technologies or at least significantly reduce tireact on transportation, but is not used as a priority.He tase of
the costs and efficiency of the company's prodaoctioan emergency, it is possible to provide a supplyht®
Increased visibility in the logistics chain candea greater internal warehouse within a maximum of 24 hourshé
efficiency in all processing activities. The intemtion of goods are available at the supplier's warehouse.
automation into the storage process makes it desgib From Asia, the transit of material is primarily Gad
obtain real-time information about stocks, as wedl out by ship transport, as this type of transporths
information about the state of progress and storagleapest. The delivery time is approx. 8 to 10 webkt
locations, etc. This system allows companies ta gasince production is planned well in advance, oaflanger
control over all activities in the warehouse andsth period of time, a longer delivery time is no prahleThe
significantly increase the overall productivity ofsecond option is train transport, which has a partgime
warehouse activities [11-14]. of about 4 weeks and is used occasionally. Excegilin
a special flight can also be used, which is of seua
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financially expensive matter, therefore it is usmdy in  in what quantity must be moved to the productiolh dva
necessary urgent cases. Transportation from therratt a specific production line. This process is carrad
warehouse to the internal warehouse takes placentinuously by several suppliers, each with specif
continuously, and the company uses the servicesnof components and specific production lines. On therme

external company for this. journey, warehouse workers collect empty contaiaecs
store them for a certain time in the company'srivee
2.3 Storage warehouse. Other employees of the warehouse have th

Warehouse management in the company fulfills ai@sk of collecting full packaging boxes with fingghfinal
important role as an intermediate link between petidn ~ products from individual lines, and also store thianthe
and consumption, so it is part of the logisticsicha the internal warehouse.
company. Warehousing is a set of activities incigdihe
receipt of material into the warehouse, connectéti w  The flow of packaging, materials and final products
incoming inspection, storage and issue of material. The customer sends empty packaging to the packaging

warehouse, which is checked, cleaned, weighedapzdp

Main external warehouse: The warehouse serves forand then shipped to the internal warehouse indhaired
the accumulation of supplies of input material freamious ~ quantity based on the report from the producticanpl
suppliers, the subsequent sorting and repackadiimpat  There they are unloaded and subsequently deliviered
components. According to the production plan, thdividual production lines in accordance with the
warehouse management system (MHS) evaluates tke nggoduction plan. Full packaging boxes are conceedran
for material and components for the next 24 haBased an internal warehouse, where they are checked and
on this request, the necessary material is dispdttithe weighed. If necessary, e.g. when the scale doefityibie
internal warehouse number of pieces of components in individual boies

recalculated. Boxes that are in good order protedte

External packaging warehouse:The warehouse is next process, they are either stored for a cetitai@ or, in
used for packaging material, or packaging for fieisfinal the case of urgent orders, they go directly to exjoo the
products customer. From there, the empty packaging is retlita

the external packaging warehouse.

Internal warehouse: It is located right next to the
production hall in the main building of the compahyis NPI department in the company:NPI is a department
used to store materials needed for planned pramiuédr that, based on specific requirements from custqmisrs
the next 24 hours. At the same time, it also stegsi- responsible for introducing new products into NeMN
finished products, but also finished products wgitio be Product Introduction production. In this departmehe
shipped to the customer, so it also has severagszonresponsible employees deal with both the technoébgi
Internal warehouse is equipped with rack systents wiassessment of the production process and the yqadlit
narrow aisles designed for storing large and mediined these new products, as well as the material flow of
components. Small components are stored in KARDE®omponents that do not yet fall into the phase esiab
AND MODULAA4 lean lifts. In addition to these system production, and thus must be specially marked aed t
the warehouse also has drop gravity stands, seecktin application in production must be separately regést and
Ban, which also contribute to the smooth and effituse ensured. Project leaders are responsible for ajbiog
of warehouse stocks. Each type of material hageigaly projects in this department, who are responsibiettie
determined position/shelf where it should be stored entire course of individual projects. Project psses are

The MHS stock management system is also used in thi@naged by process project engineers who are igeld
internal warehouse, which continuously evaluateswtred specifications, installations, but also deal withdesign
for material according to the production plan accbading  elements of manufactured products. Project cootaliga
to the current consumption of the given material oare in charge of all logistical flows within inddual
individual production lines, performs automatic eval ongoing processes (Figure 1), whether they areredde
consumption on the production lines. If necess#ing, components needed for special production or already
system will send a request to the internal waredomkich  manufactured products. The NPI department alsatbas
type of material from which position in the wareeeland own experts to assess the quality of manufactysedial

products.
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Figure 1 Flow diagram of the storage process in M warehouse

2.4 ldentification and description of the main It happens that the material remains only on the
identified problems transport cart or is stored on the shelf withoungentered

The main identified problems: into the MHS database. This happens when the
identification label is not written completely, acks
«  Manual writing of identification labels essential input data, e.g. the number of the tedmiwvho

We consider the biggest shortcoming in the NFAProduced the given SBR batch. Thus, the materiahata
warehouse to be the fact that the labels contaitieglata b€ thoroughly identified, and this later causesiousr
on the manufactured SBR products are written byltign Problems.
the employees. With this manual form of writing out

identification labels, various errors may occuridgrthe * Insufficient identification system of SBR
receipt, storage and issuance of NPI material, wtie products _ S _
worker may not notice. Inaccurate material idecsifion The lack of an automatic NPI identification system
based on inaccurate or erroneous data on the ladgit by the department mainly during inventories.
inaccurate allocation, result in error rates. Deficiencies caused by out-of-date prOdUCt data are

regularly manifested, where the actual status dums
« Incorrect and incomplete data on identificatiorforrespond to the status in the company's MHS syste
tags There is an inability to identify and locate compots.
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Many shortcomings are caused by the human fadtwee S
the SBR number is written manually and is not aMHS 25 Proposal of a solution for streamlining

system, a physical check directly in the warehoisse inventory management and implementation
necessary to solve any problem. of the sdected variant
Implementation of the Kardex Shuttle storage

* Lengthy and inefficient inventory svstem

Yy
In the warehouse, there are regularly produc’F§ that The new system designed by KARDEX consists of 1
various reasons, were not properly stored andifd&ht kardex SHUTTE vertical elevator module with a singl
that is, they are not in the company's MHS systehe  5ccess opening for the dispatch area. The newiaolut
inventory takes an average of 4 days, so it istlgngnd  requires only 13.5 m? of space to store more itdras in

inefficient at the same time. the original warehouse. The vertical elevator medul
o ] would be located directly next to the productiofi hike
*  Insufficient capacity of the NPI warehouse the original premises of the NPI warehouse (seargig),

After conducting an analysis of the current siwmin 1t it would occupy much less space.
the NPI warehouse, it was found that the storage of The introduction of this option would not requineya

materials and stock of special products in the NRheryention in the building or other constructisark. The
warehouse was inefficient, limited by the capaotythe oy modifications would be related to adapting the
warehouse space, and also due to the accumuldtien  g|ectrification and freeing up space for the nearage

to-identify items, there is less and less room iefthe oqule.

warehouse for handling them. Material also accutasli As part of this solution, we could increase theacity
the parking IN zone. Thus, work becomes increaginghy the NPI warehouse by up to 38%. One of the hige
inefficient and the possibility of error increases. advantages of this variant of the solution is thesibility
) of streamlining the storage process in the NPI hause
*  Unsecured "parking” zone with new warehouse software.

It can be accessed by every production operatdr, bu
also by all other employees who have the compettnce Advantages:

get into the production hall. It is not possiblecteck it in . saving space in the production hall

any way, so it sometimes inadvertently happens that . jncreasing the capacity of the NPl warehouse,
special SBR products are used from it for massymioh «  improvement of the storage process with new
and thus become devalued software

» improved ergonomics when handling goods.
» Presence of excess stock

While performing the analysis/inventory in the NPI Disadvantages:

warehouse, we found that a significant number oflpcts «  the necessity of training employees,
and stocks could not be identified, we could novprtheir « the need to prepare a place for the new system.
need for future planned SBR production, or theyewer
already after the date of planned production qurskent to The Kardex Shuttle is the most efficient way tokee
the applicant of this special production batch. parts safe, clean and organized in a very smaltangpact
space. It allows loading up to 480 kg on one shEie
*  Redundant movements of workers installed KARDEX module includes 34 such shelves,

When dealing with various situations and problemas t Figure 3.
occur on a daily basis, it is necessary for an eygd of
the NPI department to physically check SBR products
directly in the warehouse.
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Figure 2 Layout of the production hall with markéngf the proposed KARDEX module
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Figure 3 The final arrangement of the shelves @KIARDEX system
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2.6 Design of anew form of identification labels  into account, while the practical experience of the
When designing the new form of identification lahel employeeg of the company's NPI department was also
all identified deficiencies on the original lablere taken based on it. The design of the new label can baddn

Table 1.
h [ ]
sar/sas7uant | [[[[[INAIMEN
1070008695874
SBR NUMBER Test UNE TEST
PART NUMBER 999999.9999 PID 17161
CREATE MATERIAL: Innw 'M‘WM ” DATE 12/14/2022 6:15:26 PM
i |
QUANTITY 100 BOX TYPE 3 GOLDEN

Table 1 The new forni of the identification label

The most important change in the new storage systeRower Pick information system offers this optioheTSBR
and for streamlining the functioning of the NPI elanuse, code is located on the new identification tag aad be
is that it contains the SBR code of the materigdyfe 4), read directly with a scanner.
which could not be entered into the MHS system. i@

Material Aktu 2/ SBR 1D Kontajner Poradové ¢ Z| Bin datum naskladné
® ® ® i A E ® ® ®

847321-0007 4 FH35 1070008651008 4 2 CHRA 06.12.2022
904105-0009 17 FH47 1070008770138 14 1 SWA 12.01.2023
904105-0009 32 FH47 1070008770134 14 1SWA 12.01.2023

Figure 4 The items in the new Power Pick storagtesy

The main benefit of the introduction of the newate The system provides simple storage and collectfon o
system is the streamlining of the inventory prodasthe goods, warehouse management, spatial management,
NPI warehouse, but also of all other processesectln reporting and simple management of user rights eNtean
the SBR procedure at the NPI department in the eayp 25 additional options include advanced reporting,
The purpose of the introduced system is, amongrotheatching, kiosk storage, label printing, SAP inggign,
things, to simplify the supply of NPI products dmet serial number handling, weight management and zone
production lines and more clearly record the stufdkese handling. Thanks to the new storage system in tRé N

products. warehouse, we managed to achieve the followingftiene
+ elimination of excess stock,

2.7 Stock software Power Pick » reduction of redundant movements and work,

Above all, the inventory management solution mastb ~ «  more efficient and faster inventory execution,
simple with a clearly structured process and mininthe « streamlining the storage process by scanning,
risk of errors in all tasks. Power Pick Global warese « streamlining the storage process by scanning,
management software from KARDEX s. r. about. meets |, increasing the storage capacity of the NPI
these requirements, increases accuracy, efficiesafgty warehouse,

and flexibility, optimizes storage in combinationithw

. . » saving floor space,
KARDEX machines, Figure 5.

» improvement of workplace ergonomics.
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Figu-re 5 The afrangemeni of CHRA boxes in the KARBgStem

Evaluation of benefits » elimination of excess stock,
e streamlining the storage process by scanning, « reduction of movements and work,
» more efficient and faster inventory execution, » saving floor space,
* increasing the storage capacity of the NPl « improvement of work ergonomics.
warehouse,
» improvement of control management in the NPl Financial benefits are processed in Table 2.
warehouse,

Table 2 Financial benefits from the implementattbnew system

[Before 1s¢ 4,5€ 837-€ 10044¢€
PAieiN 32 4,5€ 144- € 12 1728€
[bifference] 154 693,- € 8315€

3 Conclusions such as AIDS, RFID and RTLS. Such software and

The analysis of the processes resulted in specifi@rdware system implementations offer: _
outputs with the definition and evaluation of the ¢ increased control over warehouse operations,

shortcomings of the warehouse system implementéwein ~ +  control over the flow of materials, equipment and

company, and possible variants of solutions to the manpower,
identified problems were proposed, which will cdmite » increased work efficiency,
to increasing the efficiency and effectiveness tofage » increased storage capacity,
through introduction WMS. The main mission of thé/& «  reduction in operating costs,
system is to manage and visualize data flowing ftben  «  reduction of failure rates in material operationsts
warehouse in real time. S as dispensing and receiving,
The system works as a stand-alone application, i.e.. jncreased organizational efficiency in storage.
software with complete or partial configuration iops.

The information received on operations, or the flofv The implementation of WMS is initially costly in tho

material, equipment or people is provided by tetdgies time and money. Metrics have been introduced toemak
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decisions about investing in a WMS system that afé] KNAPCIKOVA, L., BEHUNOVA, A., BEHUN, M.:

directly tied to the business strategies and firsnc

capabilities of the enterprise. The metrics ineluldree
main categories, namely:

1. order fulfilment,

2. stock management,

3. productivity.

Setting such conditions serves as a justification f

investment and constitutes the first step in

building a WMS. Placing the right emphasis on deci

requirements helps in optimising the
potential design of both the system and the teciyies
deployed in the space.
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