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Abstract: The production process fluency is often interrdpty idle time. A significant proportion of individl idle
times is caused by changeover. Trends, such asdhédualization of requirements, the constanbeffo meet the
customers’ requirements on time and the maintaimihthe production process fluency at low costg, @med at
eliminating idle time. In terms of contradictory a® such as individualization of customer requinstsewnhich is
reflected in the high variability of production roglucts and minimalization of the production tinmelats fluency, it is
necessary to pay increased attention to the chaag@oocess. The problem related to the changguesess can be
solved in two ways: by reducing the number of cleavgrs (reducing production variability and achiguilissatisfaction
with individual customer requirements) or by shoirtg the changeover time (while maintaining prodrciariability
and ability to satisfy a wide range of individuaistomer requirements). The Single-Minute Excharfgei® - SMED
method is used to shorten the time duration ott@ngeover process and eliminate waste in the gikasess. The aim
of the paper is to apply the SMED method in vilmativelder changeover process in a selected indlstrierprise and
thus achieve a shortening of the changeover protessSMED method was applied in the enterpriselwbelongs to
the group of small and medium-sized enterprises.r€bearch method was indirect observation visovideording and
time snap. Various types of waste were identifiedeld on the analysis, and subsequently eliminategrdposed
rationalization measures. Finally, the time duratimf the changeover process before the analysisadted the
implementation of rationalization measures was cmexqh

1 Introduction Aforementioned facts have stimulated the emergence

The current business environment is characterized Bnd implementation of the lean manufacturing concep
turbulent changes and competitive pressure. Theze dvhose sophisticated tools help reduce waste and mee
several competing enterprises in each branch ofsinal  customer needs at the lowest possible cost.
production. It means that potential customers hdnee
opportunity to choose from several suppliers whoanle 1.1  Lean production
to meet their individual requirements (price, qyali The term “lean production” was first introduced by
quantity, deadline, etc.). Individualization of guts is a Womack in 1990 in the book The Machine that Changed
characteristic feature of 21century manufacturing the World [2]. However, the origins of lean managem
enterprises. Individualisation of products has led as a holistic concept date back to Japan (1950$)isan
comprehensive planning and control systems thatemagenerally attributed to Toyota Company, whose petdo
difficult a mass production of products [1]. Duethe fact, System is known as the Toyota Production Systen$)TP
that the primary goal of every enterprise is to enalprofit, The mentioned management system can be described
and competitive pressures and individual customé@s production without everything unnecessary, iz.,
requirements force enterprises to reduce costsptihe resolute reduction of the failures/defects and scast
option for enterprises is to pay attention to thasvities production, saving space and time. It is a learfg
and processes that can be made more efficient pyoduction management and a  considerable
eliminating waste. decentralization to lower levels of production
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management. It specifies what creates and does eate
value for customers [3].

KosSturiak et al. [3] state that “lean” is a dynamig
process of change that is driven by a systematiofse
principles and best practices aimed at continuo

improvement. Liker [4] explains that lean manufaictg is
a philosophy that shortens time between the custorder
placement and product delivery by eliminating searof
waste in the production flow. Alukal [5] sharessthpinion
and adds that lean helps enterprises to reducs, @ysie
times and unnecessary, non-value-added activities is
leading to a more competitive and agile business.

According to classical theory, lean manufacturing

means producing simply in self-controlled produatidt
focuses on reducing costs via uncompromising effwt sypplemented by the™8type of waste: People - the
achieve perfectionism. Every day in production uiiels
the principles of Kaizen activities, flow analysind
Kanban systems. The effort involves all employdeth®
enterprise into changes - from top management
production workers. Lean manufacturing is not pegbess
reducing of costs. It is primarily a maximizatiohaalded
value for the customer. Lean is a way for enteggsrit
produce more, have lower overhead costs, and @se theqguirements are met, the flexibility of businessopsses
areas and production resources more efficiently [6]
The critical point on which lean manufacturing eauh
enterprise focuses is value. The value can be fbimevo

ways:

1. The enterprise can reduce production costs Ry,

minimizing or eliminating waste or

2. by introducing other services that add valu¢ht®o
product and will be appreciated by the customer.

Waste refers to all activities, material or elensethiat
do not add value to the final product or servide AT the
same time, these activities or elements can atsease the
product or service price, which the customer iswiting
to accept [8]. In Japan, such a waste is marketidword

Muda. Muda means everything that uses / consunges m

enterprise's resources but does not create vahighil
Ohno categorized the seven types of waste (Table 1)

Table 1 Seven types of waste by Taiichi Ohno (asiten
elaboration according to [9,10])

Motion Unnecessary movement of
people (walking, reach)
excessive physical activi
Excess inventories of materials
finished products and work in
progress
Excess work, consumption of
materials and production
resource:
Any production that results in
reprocessing or scrap
production

Inventory
us

Excess
processing

Defects

Aforementioned seven basic types of waste are
untapped potential of employees and their cregt[dii].

1.2 Changeover of machine

0 The time when large amounts (series) of narrow
product assortments were produced is irretrievgbhe. It

is necessary for today's market to meet changistpmer
requirements. In order to ensure that customer

(the production of small production batches), isc@l.
Therefore, the demand for "single and large quantit
products has gradually turned into a "high-mix dma
volume" product demand. The set system requiresiénet
anges of production batches, therefore shortgewaer
times of machines and production lines are required
[12,13].

When analysing the different types of machine idle
times that have a significant impact on its avalilgb/
production capability, the time required for chamggr is
one of the most critical times. The time relatedthe
machine changeover to another order is the timenie
machine or line is not producing. It can also l®arce of
oblems in managing production in small batchebekV
the process of changeover takes a long time, ptimtuc
management can use two ways to solve the issudirshe
one is to combine related production batches iatgel
guantites to minimize the number of machine
changeovers. The second way, which is generalligibet

Type of waste Descrlpt!on comparing to batches combination, is to find thesea of
1. | Overproduction Production of more prodl_Jcts long changeover times [14].
than necessary for immediate The term changeover can be understood from three
— use — s perspectives. The first one, narrow point of vielefines
2. | Waiting Idle time, waiting for material,  the time when the machine is between two production
machine, information and batches. The second one, more broadly understantigio
__| protracted decisior | viewis explained as the time between the prodoaifahe
3. | Transportation| Excess transport and handling first production batch last piece and the productibthe
of products, semi-finished first good piece of the next production batch. Fégd
products and materia shows the second point of view of the changeoverqss.
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Figure 1 Changeover process [12]

The third explanation of the term focuses on sge®tl carried out via video analysis [19]. In the firses the
explains changeover as the time between the s@ndguestion, whether the activity is performed intdynar
speed of the first production batch and reaching thexternally is answered [12]. Internal activitiesnche
standard speed of the next production batch [15]. implemented only after the device has stopped ngnni

To shorten the changeover times, it is necessary [@2i,22].
identify and analyse waste that prolongs the change  The time of internal activities is considered ithae.
production batches. The basic types of waste iec[tifl]: Internal activities include activities such as dtieg

* searching, device replacement or disassembly of the toll fribe

» walking, machine [12]. On the other hand, external activitian be

* waiting, implemented during the machine production, befaré a

* missing standards, after the production machine changeover [23]. Atitig

« insufficient planning, are performed outside the machine and include tipasa

« calibration, such as preparing tools or bringing forms fromader

* missing tools. If the activity is internal, the question of whatasures

are needed for the transformation between external

1.3 SMED method activities is answered. If it is not possible tansfer the

The Single-Minute Exchange of Die - SMED methodClivity to external one, it is necessary to prepdse
is used to reduce waste in the production systeorten Measures to shorten its duration [12]. Enterprisas
the production lead time and standardize timesaifhime ~ r€duce changeover time by improving work organarai
change activities [17]. The goal is the change frame Typical failures in the incorrect work organizatimelude
product type to another in the shortest possibie tind in  the preparation of tools, work aids, maintenanceoofs,
the most efficient way. Many enterprise statesithethods Put also transport operations carried out only rafte
for reducing changeover time require investmentagt, Machine has stopped running [19].
the failure to implement a rapid changeover systamses 1 e third step focuses on measures that can redece
the enterprise increased costs due to ide time egetw UMe of external activities [12]. The reductionefternal
production batches. Achieved time savings will éaghe ~Changeover time is mainly due to the improvemerthef
enterprise to produce products faster, which wiioa workplace organization [20].. Improving of storagdgamls
reduce delivery time [18]. Implementation of thednd forms transport contributes to improve the whol
mentioned SMED method also improves the level fiitga PrOC€SS of changeover and can minimize the search o
and ergonomics in the enterprise [19]. The whollnnecessary movement of employees [24].
procedure of the method implementation is based onAt the same time, it includes also a constant realiof
detailed analysis performed directly at the workplf12]. ntermal and external changeover time. In the &sp,
The method is based on the following basic stepf [2 ~ €Nterprises try to eliminate the changeover process
1) separation of internal and external changeov&sPecially by standardizing parts.

activities There are general recommendations to eliminateeveamst
2) reduction of internal activities time, achieve rapid changeover, which include [19,20]:
3) reduction of ‘external activities time « standardization of changeover activities,
4) reduction of the changeover process time. * standardization of machines,

« visualization of the changeover process,
The differentiation of internal and external adtas is * parallel execution of operations,

based on the current situation analysis, whichsisally * use of quick couplers,
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» use of automatic tools, Strategic management literature explains that Shften
« automatization of the changeover process, lack a comprehensive strategy, Information Techmplo
« creation of changeover teams. (IT) maturity and technical expertise to cope withjor

technological revolutions in the industry [31]. deality,

1.4 SMED method in the context of Industry 4.0  majority of manufacturers, SMEs in particular, aamy

The last stage of production management developmaligitize certain areas of thein operations, suotigitizing
is the Industry 4.0 paradigm which aims to conrtbet thein customer relationship management or produictio
physical and cyber worlds with the latest techni@e26].  planning and control [32].
It represents the integration of the Internet oingh and Theoretically, lean manufacturing principles and
the Internet of Service into the production envinemt. procedures can be successfully implemented in the
The interconnection of machinery, warehouses aritaditional way and without using IT resources. Batthe
production lines creates a cyber-physical syste®S)C other hand, based on practical experience, it is
which uses cloud access to record and process larggommended that IT tools should be key to achidve
amounts of data and thus create the basic condeptefficiency in the 4.0 industry era. The integrathature of
Industry 4.0 [27]. IT allows lean manufacturing processes to integesie

Lean manufacturing and digitization or Industry 4.Gupport each other [26].
appear to be two different approaches. One is maore In addition, the production or process controllese
philosophical and organizational approach (leate.g. distributed control system, control and data
manufacturing) and the second one focuses on teno acquisition supervision, programmable logic corgrand
(digitization) [28]. Lean management methods ustemote terminals) jointly with industrial roboticand
simplification and standardization to manage th&oftware allow machines to automatically control
complexity prevalently at the expense of flexilgilit production orders, identify product types and ferttoad
Digitization has the ability to counter the defi§#9]. the appropriate program and installation of thétrtgols
However, approaches represent two paths with thee sawithout manual intervention, features that faciét8MED
goals, increasing efficiency and productivity [28].and remove non-value added activities from the
Hoellthaler, Braunreuther and Reinhart refer tatitigtion ~ changeover process [26].
as another development step of lean management Tihe aim of SMED is to reduce downtime and cost edus
production processes [29]. Industry 4.0 createsesfiar by setup processes. Increased flexibility througlorts
building a lean enterprise. It enables easier amdem setup times support the production of small lotslevh
comprehensive understanding of customer requiresmemchieving short lead times and maintaining a lovellef
and needs (Big Data), as well as immediate shasfng stock [33]. It is expected that the highest impattsetup
necessary data through complex supply chains atithe will have in addition to augmented reality goldg
networks. Smart enterprises can produce more \with | and play also additive manufacturing. As additive
waste. Industry 4.0 also enables faster "one-fflea¢ of =~ manufacturing processes are not product-specific,
customized products and has the potential to rapidiuce therefore the varying work-pieces can be producéd w
inventory through efficient deliveries [30]. minimum setup times. Times for selection, searcttaals

The authors Hoellthaler, Braunreuther and Reinha@nd work pieces adjustment are omitted. On ther tied,
stated that lean philosophy has reached its liaiise time small adaption, temperature adjustments and elicstilli
with the constantly increasing complexity of protine  incur.
processes, for example due to the accumulation of The authors Feldmann and Gorji has stated that SMED
information and its interconnection, increasingatitity =~ can also be applied to additive manufacturing. Ctemig
and accelerating the growth of time pressure. Rafion that setup times are already technologically reduocea
offers an opportunity to overcome the limits of dea minimum, the impact is expected to be rather small.
manufacturing by increasing the ability to manapge t However, SMED will remain of fundamental importance
complexity and by increasing flexibility. The digation for reducing the physical setup time [34].

requires a lean foundation as a prerequisite featorg a SMED and Industry 4.0 SMED is used to reduce
maturity-based model regarding "lean” and "digitalthe changeover time. As was mentioned before, the Ingdus
mentioned theory. 4.0 uses tools like plug and play, modular manufaeg,

Furthermore, the authors Hoellthaler, Braunreutinek and additive manufacturing to reduce the setup. tBoene
Reinhart points out, that the level of readiness fof the tools were identified by [33]. as Industry) 4o0l,
digitization is proportional to the number of emes in which can be linked SMED method application. Thelto
the enterprises, which means that the less em@ayee are as follows: additive manufacturing, plug andypl
enterprise has, the less it is digitized. Therefpagticulary  virtual reality, auto-ID, digital object memory, gilial
SME particular have a deficit in terms of digitioat, as twin/simulation, real-time computing, machine leagn
they create the largest share of non-digitizedrprises [33].

[29].
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2 Methodology personnel must walk to the warehouse, locate the
The data obtained by observation in a selectédPpropriate form according to the project numberlaad
industrial enterprise were used as a basis forpﬂ'[mr it on the positioning trolley. One maintenance vaonkust
elaboration. Selected industrial enterprise is $ecuon Pick up and transport the trolley with form to tie where
exterior and interior mirrors production and difeat the exchange will take place. The second maintenanc
indicator for cars. The authors of the paper wilyp worker will ensure the transport of the empty &ypll
attention to the Changeover process on the |mdqm]ng needed to store the old form to the line. The Bm@ is to
direction indicators. replace the vibration form. The exchange of vilorati
The subject of the current state changeover amaly$prms consists of the specific activities listedable 2 and
will be the vibration welder. The vibration welderTable 3. .
changeover is performed in the enterprise duestatiange After the change_over process, It Is necessary to
of production batches from one type of productriotaer transport the trolley with the old form to the anial place
one after the weekly required (planed) productisn in the warehouse and return for the empty trolléyese
fulfilled. The reason for changeover process waslthg ~activities are provided by only one maintenancekeor
changeover time, as well as the fact that changeweairs  While the other maintenance worker performs the
5 times per week. At present, the changeover fopeed changeover process.
by two employees (Maintenance worker 1 and
Maintenance worker 2, as well as by quality empgoygo 4  SMED method implementation
approve the release of products based on qualigriar The implementation of the SMED method for redudhmey
and also by production operators, who are needé¢dein changeover time was performed based on the progedur
first piece’s production. shown in Figure 2. The authors of the paper wecaded
The basic research method was indirect videon the first 5 steps.
observation. The video was recorded by two moving

. . 1. Identification of
cameras, which monitored the sequence of employe:

bottieneck-

work individually. AVIX SMED software was used to 7. New standard problematic alignment
process the acquired video data. The videos weae al e

processed separately in the software. Althouglvittheos

were recorded and uploaded into the software stgbara

was necessary to determine the links between tt ,

, T . L. 6. Alignment 2.Video
employees’ activities in the software, as someviiets are training capture
interdependent.

Based on the analysis, the wastes were identified a
subsequently eliminated by rationalization measuneie
end, the current duration of the changeover progedsts
duration after the implementation of rationalizatio
measures was compared. 5. Definitionand

implementation of 3. Video analysis
3 Analysis of the vibration welder SHEIRRa
changeover process gy, 4 SMED
The enterprise where the analysis and subseque a::,f?:tin

application of the SMED method was performed tc
improve the changeover process can be included@then
medium-sized enterprises. Recently, the enterphae
begun to focus on the implementation of smart soist
and elements of Industry 4.0 in the form of collaive
robots. However, in the area of machine changedker,
enterprise does not apply any elements of Induétdy
AviX software was used to analyse the current sihtat
of changeover process. Due to the sensitivity nfesdata
and the enterprise's request, the paper do netdegrint
screens from the software.

As was mentioned before, the changeover is perfrm
by Maintenance 1, Maintenance 2, quality employeg a
production operators. In order to perform the resgli
exchange, it is necessary to bring the vibratioamférom
warehouse remoted 50 meters from the line. Maimiema

Figure 2 Procedure of SMED method implementatianh@rs
of the paper own elaboration according to [12])

1) The identification of a bottleneck consists of
production facility determination to which the SMED
method will be applied. To determine the bottleneckue
stream mapping or the overall efficiency calculatid the
production facility is used. The workplace thatettetines
the total capacity of the production system is ehoin this
case, it is a line producing direction indicatotsichh has
an impact on the entire exterior mirror productidine
Broduction equipment is a vibration welder, which
changeover process is problematic from an orgaaizt
and time point of view.
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2) The video capture is necessary to collect theindividual maintenance workers was divided intossefe
information needed to perform a current state a&mlgf activities with their duration (Table 2, Table B)tivities

the production equipment changeover process [35]. are categorized into 4 groups according to theanma:

3) Video analysis of the changeover process wadNecessary activities, Value added activities, Lass
performed using AviX SMED software. The work ofWaiting.

Table 2 Maintenance worker 1 activities (authorshef paper own elaboration, 2019)

Activities Duration [s] Meaning
Walking to ¢ new formr 18.¢ loss
Searching for the form 8.5 loss
Waiting for trolley positioning 26.1 waiting
Loading the form on the trolli 4.€ necessary activiti
Moving with the empty trolley to the welc 27.1 loss
Walking around the weld 15.¢ loss
Inserting the centring pi 19.t value added activitit
Carrying the table up to the stop of the centriimg 23 value added activitit
Loosening the upper scre 37.2 value added activitit
Waiting for the Maintenance worke 8.2 waiting
Dropping the table to the tool change posi 8.7 value addea@ctivities
Problem loosening of centring p 31 loss
Loosening the 2 lower scre 37 value added activitit
Pulling the pins out of the foi 3 value added activitit
Shifting the unlocked for 2.2 value added activitit
Walking for the new forn(behind the welde 12.1 loss
Bringing a new form to the welc 9.¢ value added activitit
Moving the new form to the welc 7.3 value added activitit
Walking to the front of the weld 16.4 loss
Centring the shape with the centring | 20.< value added activitit
Tightening the lower screws by he 4.1 value added activitit
Tightening the lower 2 screws with the 27.7 value added activitit
Taking the table up to the s 14t value added activitit
Tightening the upper scre 41.€ value added activitit
Securing the table at the bott 9.4 value added activitit
Removing the centring pi 10.€ value added activitit
Implementing a parameter set 26.7 value addeditesiv
Bringing the preheating device to the 35.€ necessary activiti
Installing a preheating device 33.k value added activities
Automatic tuning of the head and welding of tifepleces tq value added activities
perform a destructive te 79.4
Destructive te: 40 value added activitit
Waiting for production relea 155.¢ loss
Releasing the production by quality wor 33.2 necessary activiti
Table 3 Maintenance worker 2 activities (authorshef paper own elaboration, 2019)
Activities Duration [s] Meaning
Walking for the forn 19.¢ loss
Moving the trolley to the fori 5.4 necessary activiti
Trolley positioning 32.2 necessary activiti
Transporting the form to the welc 33.€ necessary activiti
Waiting for the welder release by the Maintenanoeker ! 50.3 waiting
Walking to the welder do 4.7 loss
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Opening the welder rear dt 4 necessary activiti
Loosening the screws on the upper f 28.2 value added activitit
Closing the welder do 10.¢ necessary activiti
Waiting for the Maintenance worke 39.1 waiting
Walking to the welder do 2.7 loss
Opening the welder do 3.1 necessary activiti
Loosening the 2 bottom scre 21.7 value added activitit
Pulling the connectors out of the fc 11.1 value added activitit
Moving with the emptitrolley to the welde 5.2 necessary activiti
Loading the form on the trolli 6.7 necessary activiti
Moving the trolley sideway 7.3 necessary activiti
Adjusting the trolley towards the wel 7.3 necessary activiti
Moving the form into thewelde| 6.2 value added activitit
Connecting the connect 26.¢ value added activitit
Tightening the bottom scre 41.% value added activitit
Closing the welder do 7.C necessary activiti
Waiting for the Maintenance worke 12.7 waiting
Walking to the welder do 3 loss
Opening the welder do 4.€ necessary activiti
Tightening the screws of the upper f 24.. value added activitit
Closing the welder do 6.2 necessary activiti
Moving the empty trolley from the new fo 31.€ necessary activiti
Walking for the forn 19.2 loss
Moving the trolley with the old for 28.k necessary activiti
Trolley positioning 13.¢ necessary activiti
Inserting the form into the ra 15.¢ necessary activiti

Figure 3 shows the percentage of Value-added anelease of production by the quality employee. All
Non-value-added activities in the changeover pceactivities within the changeover were carried alyafter
performed by Maintenance worker 1. Most of thewdti#is the production equipment has stopped running, alle.
carried out were Value-added activities in the pssc The activities can be marked as internal activitiee dperator
total duration of the activities carried out by thewas waiting for the maintenance worker to perform a
Maintenance worker 1 was 848.6 s, as he ensurezhtire  destructive test, instead of preparing the compisnemd
changeover process, from the preparatory activitidee then started preparing the components.

value added activities (445.8 s)
52.5% necessary activities (83.5 s)

waiting (34.4 s)

4.1% m]oss (285.0 5)

Figure 3 Activities categories of the Maintenana@ker 1 (authors of the paper own elaboration, 2019

Figure 3 shows that Value-added activities cred@té 5 Figure 4 shows the percentage of Maintenance worker
(445.8 s) of the changeover activities total doratNon- 2 individual activities. The total duration of the
value-added activities have a duration of 402.@tEch  Maintenance worker 2 performance is 536 s, dueetdetct
represents 47%. From the Non-value-added activities that Maintenance worker 2 participates in the pssoaf
are 285 s Losses (34%), 34.4 s (4%) Waits and83.68%) changeover only in part of the certain activities’
represent Necessary activities. implementation.
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9.2%

value added activities (160.0 s)
‘ 29.9%
19.0%

necessary activities (224.5 s)

waiting (102.1 s)
41.9%
[ M oss (49.4 5)

Figure 4 Activities categories of the Maintenana@ker 2 (authors of the paper own elaboration, 2019

Figure 4 shows that Non-value-added activities Figure 5 is a summary percentage of the changeover
predominate - 70% (376 s) of the Maintenance wogkerprocess current state. It contains the durationthef
activities total duration. Activities in the ValWedded activities of both maintenance workers, which repras a
category create 30% (160 s) of the process. Withén total of 1384.7 s. Value-added activities represétfto
category of Non-value-added activities, the large$605.8 s) and Non-value-added activities 778.9 (b6%6
percentage is represented by Necessary activit&®)e the total changeover time. Within Non-Value-Added
(224.5 s). Waste in the form of Waiting has a darebf  Activities, Losses have a duration of 334.4 (24%43its
102.1 s (19%) and Losses represent a 9% (49.48) sf  136.4 s (10%) and the Time of Necessary Activige308

Non-value-added activities. s (22%).
value added activities (605.8 s)
43.8%
9.9% necessary activities (308.0 s)

waiting (136.4 )
22.2%

moss (3344 %)

Figure 5 Activities categories of the changeovearcpss (authors of the paper own elaboration, 2019)

Based on the current state changeover analysis, thé&/aiting for the release of production by quality

following wastes were identified: employee.

- Walking: long distances that maintenance workerge - Repeated performing of operations when tighternieg

to walk to secure a new form. It is 50 m betweesd th screws with a ring spanner.

workplace and the form warehouse, where also -alightening and loosening the screws on the upper

preheating device is stored and its delivery asthliation lower part of the form is performed separately

are provided by a Maintenance worker 1: - The biggest idle time was waiting for part reksashich

- Locating the form in a rack. includes the actual production of parts by the aferto

- Walking: walking of maintenance workers when enable the quality check of the parts by the tezader.
changing a new form (replacement must be done dy th
maintenance workers together, as the form is heavyl) Application of the SMED method To optimize the
Maintenance worker 1 must move from the front & thprocess, the previously described procedure oSMED
welder behind the welder, to the workstation ofnethod consisting of 4 steps is used, with the &m
Maintenance worker 2, move the new form to the weeld perform activities more efficiently [35]. The methads
and then move back to his original place. based on 4 basic steps [20]:

- Waiting: monitoring the work and waiting for the
Maintenance worker 1 to complete his work. It resul @) In the first step, the authors divided the activities
from the mentioned links between activities (unsseey into internal and external according to whethey tten be
movement of Maintenance worker 2 due to monitoringnplemented during the operation of the production
the colleague and after completion of activitiegquipment or whether the machine needs to be shn.d
performed by Maintenance worker 1 return to hiFhe following Maintenance worker 1 activities were
workplace) classified as external activities:

 walking to a new form,
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» searching for form,

« waiting for the trolley positioning,

* loading the form on the trolley,

* moving an empty trolley to the welder,
« walking around the welder.

In the case of Maintenance worker 2, the followin
activities were included among the external adtisit
« walking for form,
» moving the trolley to the form,
« trolley positioning
« transferring with the trolley to the welder,
* returning an empty trolley from a new form,
« walking to the welder,
« returning the trolley with the old form,
« trolley positioning,
« placing the old form on the rack.

unnecessary

movemer
Waiting for the| Preparation of Reduction of
operator to| components idle time
prepare theg during the

components for destruction test
Jthe destructive
test by the
Maintenance

worker 2

¢) The third step of the SMED method is to reduce the
time of external activities performed during thaebeover
process by implementing the measures listed ineTabl

Table 5 Proposed measures to eliminate the extectalities
time (authors of the paper own elaboration, 2019)

Waste Proposed Benefits
The internal changeover time (Maintenance worker 1) measures
decreased from the original 848.6 s to 754 s blydiieg 2 employeeg Procurement of Elimination of
and regrouping activities from internal to exteroales. | need to transporta trolley with a| external
For Maintenance worker 2, the time of internal\attés | the form to the| push-pull drive | activities of the
was reduced to 335.8 s. machine Maintenance
worker 2 related
b) The second stefis aimed at eliminating the time of to transfer of the
internal activities (performed during the shutdoefrthe form to the
production facility), which will be achieved by the machine,
proposed measures (Table 4).
The long| Changing theg Shortening the
Table 4 Proposed measures to eliminate the intexotvities distances that position of the| length of the
time (authors of the paper own elaboration, 2019) maintenance rack with forms| walk
Waste Proposed Benefits workers have tq and preheating
measures walk to secure a equipment
Watching  the| Loud informing| Elimination of new forn
Maintenance | a colleague unnecessary Looking for the| Colour Elimination  of
worker work by| about the| walking form in the rack| resolution  of| the form search
Maintenance operation (movement) form label:
worker Z completing
Multiple Procurement of Elimination  of|  The colour resolution of the form labels accordingts
tightening ~ of| a  pneumatiq multiple screw| affiliation to the individual projects is shown Figure 6.
screws with ring| screwdriver tightening
spanne Project type | Colour resolution
Tightening and Tightening and Elimination of Project
loosening  thg loosening  thg unnecessary
screws on the upper and lower walking
upper and lower screws at the (movement)
part of the form| same time Project !
carried out Figure 6 Proposed colour resolution of the formekh(authors
separatel of the paper own elaboration, 2019)
Moving to the| Procurement of Form changs
warehouse angla trolley with a| performed by d) The fourth stepis reduction of the total changeover
transporting the push-pull drive | one maintenance time.
form. worker, In the fourth step, the goal is to reduce the tiirtaé of
improvement of internal and external activities in the changeqweress.
ergonomics, The proposed measures of an organizational natarasa
elimination  of| follows:
~ 277 ~
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- the preheating device is brought and installedthi®y  previous production will be performed by the
Maintenance worker 2, Maintenance worker 1.
- external activities performed by the Maintenanoeker The percentage of individual activities categoriés
2 connected with the removal of the form from thdoth employees after the implementation of the abov
mentioned solutions is shown in Figure 7 and Figure

2.5%

17.3% ‘ value added activities (311.3 s)

51.2% necessary activities (176.2 s)

29.0% .
waiting (105.0 s)

Hoss (15.0 s)

Figure 7 Activities categories of the Maintenanagker 1 after the measures’ implementation (auttadrhe paper own
elaboration, 2019)

Figure 7 shows that after the proposed solutionsof activities performed by Maintenance worker 1.
measures implementation in the form of activitisésibn ~ Although the percentage Non-value-added activities
into internal and external ones and regroupingctifiies  increased, a significant decrease was reachediinitias
between employees, Value added activities représi@nt Losses.
and Non-value-added represent 49% of the totaltidara

14.3% value added activities (127.7 s)
52.5% necessary activities (80.9 s)
33.3% :
waiting (34.7 s)

m]oss (0.0 s)

Figure 8 Activities categories of the Maintenanagker 2 after the measures’ implementation (auttadrhe paper own
elaboration, 2019)

Figure 8 shows the percentage of activities perfafm activities included in the category Non-value-added
by Maintenance worker 2 after the implementatiothef activities, there was also a percentage decredbke share
proposed solutions. The graph shows that Valueeéhddm the changeover process. The percentage of \éalded
activities represent 52% of the total changeoveetand activities has increased from the original 30%Q0865
Non-value-added activities 48%. From the activities Figure 9 shows the change in the share of indiVidua
performed by Maintenance worker 2, all activitibsitt activities in the overall changeover process.
represented a loss in the process were eliminBtedther

1.8%
16.4% ‘ value added activities (439.1 s)

51.6% necessary activities (257.1 s)
30.2% ‘
waiting (139.7 s)

®]oss (15.0 s)

Figure 9 Activities categories of the changeovercpss after the measures’ implementation (authbtiseopaper own elaboration,
2019)
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From Figure 9 result that most activities in thegass shutdown of the equipment, indicating that the deawer
add the value (52%). Non-value-added activitiesesgnt time was considered idle time.

48% of the changeover process. After applying the first step of the SMED method —
A comprehensive evaluation of the proposed solatiorivision of specific activities into internal ancternal
aimed at improving the changeover process is baseal categories, the idle time (changeover time) was 754
comparison of the previous changeover time and tlseconds (time duration of internal changeover dietsy. It
changeover time after the implementation of allective the changeover time (607.5 s) after the implemimtaif
measures. The changeover process time has beaededcorrective measures, external activities that arfopmed
from the original 848.6 s to 607.5 s. In the presio during the operation of the welder are also inotldehe
changeover process, all activities were performattnd changeover time, which includes only internal atits

that represent idle time, is 480.8 seconds.

1000
800

600

400
200 I
0
96 o2 671

Maintenance Maintenance Maintenance Maintenance Maintenance Maintenance

Time [s]

worker 1 worker 2 worker 1 worker 2 worker 1 worker 2
Previous state Categories I+E After the measures
implementation

Figure 10 Time duration of the changeover processhors of the paper own elaboration, 2019)

From the abovementioned results that the idle timg 607.5 s. In the previous changeover process, &ilies
reduced by a total of 367.8 s. The authors of #pepalso were performed during shutdown of the equipment,
consider the percentage of activities marked asé¢o$ indicating that the changeover time was considédé
be only 2% of the total changeover process asridegest time.
benefit. A graphical comparison of the changeovecgss
duration of the previous state, the state afteisim the 5 Conclusions

activities into internal and external ones, and shetus In the production process, there are often acivithat
after corrective measures has been implementewisrs  do not add any value to the product. The customenot

in Figure 10 (green colour represent the duratfonternal  willing to pay for these activities and therefore is
changeover activities (equipment idle time) and reflecessary to eliminate them. To solve the problem,
represents external activities which are perform&hﬂe enterprises are imp]ementing elements of lean
the machine is running). A comprehensive evaluatibn manufacturing into the practice. Leaning of theegmise's
the proposed solutions aimed at improving the ckewer  production process will reduce costs, increasiatibn of
process is based on a comparison of the previoggoduction capacity, resources and improve economic
changeover time and the changeover time after theggyits.

implementation of all corrective measures. The gbarer The effort to satisfy specific customer requirersent
process time has been reduced from the originab&®& cause variability in production, which has the effen
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interrupting the continuous production process by Chain Research, [Online],

changing the settings / adjustments of the machine.to Available: http://www.distributiongroup.com/article
the interruption of production, changeover can be SevenWastesoflLogistics.pdf[30 Oct 2019], 2007.
considered waste. The mentioned waste cannot H®] GAY, CH.. 8 Wastes of lean manufacturing |

completely excluded from the production process,

therefore the authors of the paper focused oneshiog its
time duration by applying the SMED method.

machinemetrics, [Online], Available: https://www.m
achinemetrics.com/blog/8-wastes-of-lean-
manufacturing [24 Nov 2019], 2016.

Due to the size of the enterprise and the number [if1] CERVINKA, M.: Stihla vyroba, [Online], Available:
employees, small enterprises, or some medium-sized https://www.stihlavyroba.sk/2013/02/plytvanie.html

enterprises, usually do not invest into the elemenft
Industry 4.0 (alternatively only partially into eeted
activities), but gradually implement lean princigpland
methods. Especially for small enterprises, the if&¢hat

[10 Dec 2019], 2014.

[12] KORMANEC, P. et al. SMED IPA Slovakia, Zilina,

2008. (Original in Slovak)

[13] WANG, S. S., CHIOU, C. C.,, LUONG, H. T.

many of them are not ready and able to manage the Application of SMEDMethodology and Scheduling

Industry 4.0 tools as an extension of the lean eptc

because the lean concept itself is currently alegd for
them.

Acknowledgement
The paper is part of the Project within the schéfoang
Researcher, titled “Increasing the efficiency ofisbics

in High-Mix Low Volume Production Model to
Reduce Setup Time: A Case of S Comp#df,
Conference  Series: Materials Science and
Engineering, Vol. 598, Annual Conference on
Industrial and System Engineering (ACISE) 2019 23-
24  Aprii 2019, Semarang, pp. 1-8, 2019.
doi:10.1088/1757-899X/598/1/012058

and production processes using lean manageméhd] BAUER, M., HABURAINOVA, 1., VLCEK, K.:

methods”, No. 1337 and within the scope of the VEGA

project titled “Working competencies in the conteft
Industry 4.0 development”, No. 1472.

References
[1] BHAMU, J., SINGH SANGWAN, K.

Kaizen, Cesta ke stihlé a flexibilni fénBizBooks,
Brno, 2012. (Original in Czech)

[15] BICHENO, J., HOLWEG, M.The Lean Toolbox: A

handbook for lean transformatiprPicsie Books,
Buckingham, 2016.

Lean [16] GUZEL, D., ASIABI, A. S.. Improvement Setup

Time by Using SMED and 5S an Application in SME,
International Journal of Scientific and Technology
ResearchVol. 9, No. 1, pp. 3727-3732, 2020.

[17] POVES-CALDERNO, I.G., RAMIREZ-MENDOZA,
J.A., NUNEZ-PONCE, V.H., ALVAREZ-MERINO,
J.C.:Application of Lean Manufacturing Techniques
in a Peruvian Plastic Company&EE International
Conference on Industrial Engineering and
Engineering Management (IEEM 2019), 15-18

[4] LIKER, J. K.: Tak to del4a ToyotaManagement Press, December, ~Macao, pp. 546-550,  2019.
Praha, 2007. (Original in Czech) doi:10.1109/IEEM44572.2019.8978813

[5] ALUKAL, G.: Create a lean, mean machir@uality [18] BIRMINGHAM, F., JELINEK, J..Quick Changeover
Progress\ol. 36 No. 4, pp. 29-35, 2003. Simplified: The Manager's Guide to Improving

[6] KYSEL, M., VISNANSKY, M.: Stihle dielenské Profits with SMED Productivity Press, New York,
riadenie — finalny krok &tihlej vyroby, [Online], 2007. . . _
Available: http://www.ipaslovakia.sk/UserFiles/Fite  [19] APOS Consulting s.r.0., SMED, [Online], Avdila:
L/%C5%A0t%C3%ADhla_vyroba%20MK(1).pdf http://apos.;k/metody/snhla-vyroba-lean/rychle-

[20 Nov 2019], 2019. (Original in Slovak) pretypovanie-smed/ [10 Dec 2019], 2015. .

[7] BOLEDOVIC, L.: Plytvanie, IPA Slovakia, [Online], [20] IPA Slovakia, IPA SLOVNIK. SMED. IPA Slovakia,
Available: https://www.ipaslovakia.sk/sk/ipa- [Online], Available: https://www.ipaslovakia.sk/da
slovnik/plytvanie [10 Dec 2019], 2017. (Original i ok/smed [5 Dec 2019], 2017.

Slovak) [21] SHINGO, S.:Quick changeover for operators: the

[8] CERKALA, P., POTOCZKY, S.: Druhy plytvania v SMED systenilaylor & Francis, Portland, 1996.
réznych prostrediach a moznosti ich eliminaciel22] BASRI, A.Q., MOHAMED, N.M.Z.N., YASIR,
Transfer inovacii, Vol. 23, pp. 179-180, 2012. KAS.HM., FAZI, HM., FUDZIN, A.F. The
(Original in Slovak) validation of productivity on the changeover adyivi

[9] SUTHERLAND, J., BENNETT, B.: The Seven Deadly ~ at the automotive stamping press line by comparing
Wastes of Logistics: Applying Toyota Production  the embedded SMED frame-work versus SMED
System Principles, Lehigh University Center for il approach: A witness simulation case stud@P

manufacturing: literature review and research issue
International Journal of Operations & Production
Management Vol. 34 No. 7, pp 876-940, 2014.
doi.10.1108/IJ0PM-08-2012-0315

[2] SAYER, N., WILLIAMS, B.: Lean for Dummies]ohn
Wiley & Sons, Inc., Hoboken, 2011.

[3] KOSTURIAK, J., FROLIK, Z. et al.Stihly a inovativni
podnik 1% ed., Alfa Publishing, 2006. (Original in
Czech)

~ 280 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 7 2020

Issue: 4 Pages: 269-281 ISSN 1339-5629

THE APPLICATION OF SMED METHOD IN THE INDUSTRIAL ENTERPRISE
Lukas Jurik; Natalia Hornakova; Veronika Domcekova

[29] HOELLTHALER, G.,

Conference Series: Materials Science and
Engineering, Vol. 469,%1International Postgraduate

Computation in Manufacturing Engineering, 19-21
July 2017, Gulf of Naples, pp. 522-527, 2017.

Conference on Mechanical Engineering (IPCMHE30] FBE Bratislava, Industry 4.0: Je Lean manaznmen

2018), 31 October, Pekan, pp.
doi:10.1088/1757-899X/469/1/012005

1-9, 2018.

[23] RIBEIRO, P., SA, J.C., FERREIRA, L.P., SILVA,

F.J.G., PEREIRA, M.T., SANTOS, Gl he Impact of
the Application of Lean Tools for Improvement of
Process in a Plastic Company: a case stugi§

Ustupe? [Online], Available: https://www.fbe.sk/end
x.php/o-spolocnosti/clanky/92-category-
sk/clanky/846-industry-4-0-je-lean-manazment-na-
ustupe?fbclid=IwAR2gmIbHI_KWIme22zlyWbTwo
7JIkDhkcQZB-kh5MINEgxrFRRCrOSTv8kw

[12 Nov 2020], 2020. (Original in Slovak)

International Conference on Flexible Automation an{B31] TANG, S.H., GHOBAKHLOO, M.: IT investments

Intelligent Manufacturing (FAIM2019), 24-28 June,
Limerick, Ireland, pp. 765-775, 2019.
doi:10.1016/j.promfg.2020.01.104

[24] SHINGO, S.:A Revolution in Manufacturing: The

SMED SystepProductivity Press, Portland, 1985.

[26] GHOBAKHLOO, M., FATHI, M.: Corporate survival

in Industry 4.0 era: the enabling role of lean-iligid
manufacturing, Journal  of  Manufacturing
Technology Managemeri¥ol. 31 No. 1, pp. 1-30,
2019. doi:10.1108/JMTM-11-2018-0417

Lean manazmentu, [Online]. Available:
https://www.ipaslovakia.sk/clanok/korelacia-
industry-4-0-a-nastrojov-lean-manazmentu

[12 Nov 2020], 2018. (Original in Slovak)

[28] McKinsey & Company, Industry 4.0. How to naatg

[32] MOEUF, A,

and product development effectiveness: Iranian SBs,
Industrial Management & Data System#ol. 113,

No. 2, pp. 265-293, 2013.
doi:10.1108/02635571311303578

PELLERIN, R., LAMOURI, S,
TAMAYO-GIRALDO, S., BARBARAY, R.: The
industrial management of SMEs in the era of Inqustr
4.0, International Journal of Production Research,
Vol. 56, No. 3, pp. 1118-1136, 2018.
doi:10.1080/00207543.2017.1372647

[27] HOSTACNY, L.: Korelacia Industry 4.0 a nastrojov [33] MAYR, A., WEIGELT, M., KUHL, A., GRIMM, S.,

ERLL, A., POTZEL, M., FRANKE, J.: Lean 4.0 - A
conceptual conjunction of lean management and
Industry 4.0, 5% CIRP Conference on Manufacturing
Systems, 16-15 May, Stockholm, pp. 622-628, 2018.
doi:10.1016/j.procir.2018.03.292

digitization of the manufacturing sector, [Online].[34] FELDMANN, C., GORJ, A.:3D-Druck und Lean

Available: https://www.mckinsey.com/business-
functions/operations/our-insights/industry-four-
point-o-how-to-navigae-the-digitization-of-the-
manufacturing-sector# [12 Nov 2020], 2015.
BRAUNREUTHER, S.,
REINHART, G.: Digital lean production — An
approach to identify potentials for the migratiana
digitalized production system in SMEs from a lean

Production: Schlanke Produktionssysteme mit
additiver Fertigung Gabler Verlag, Springer
Fachmedien, Wiesbaden, 2017.

[35] ONDRA, P.:SMED: Projektovy fistup k zavéhi,

[Online], Available: http://www.prumysloveinzenyrs
tvi.cz/smed-4-projektovy-pristup-k-zavadeni
[20 Nov 2019], 2017.

perspective 11" CIRP Conference on Intelligent Review process
Single-blind peer review process.

~ 281 ~

Copyright © Acta Logistica, www.actalogistica.eu



