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Abstract

Digitization in the production area represents the integrated planning and management of
production and logistics systems and networks based on digital models, methods, and tools,
which are built on a common flexible information and communication platform. Currently
known and used Lean tools need to be dynamized and oriented to the creation of digital
business, where digital models can be heterogeneous, respectively usable in several projects.
One of these possibilities is the use of the Lean production method — Value Stream Mapping,
the potential of which in the context of the above mentioned is great. The aim of the presented
article is based on Gemba analysis of the production process to process the value stream in
the environment of the software tool TX Plant Simulation for the needs of flexible reflection
on changes in various parameters within the value stream. The case study carried out under
this article aims, among other things, to highlight the importance of combining simple Lean
Production tools with software in finding, testing, and designing alternative solutions. The
potential of using the processed model was also processed for the needs of digitization of

business processes in the future.
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Introduction

Value Stream Mapping (VSM) is a method known
in the world for over 50 years when it appeared in Toy-
ota, Japan, under the name “Material and Information
Flow Mapping”. This method of industrial engineer-
ing maps the value flow in all processes from material
entry into production to the actual dispatch of the ma-
terial to the customer. Using this method, processes
that add or not add value are investigated and moni-
tored in production, logistics, and administration but
also service processes. By using the value flow map-
ping correctly, it is possible to record irregularities
that arise during the implementation of the product
or service (Ruano et al., 2019; Purba and Mukhlisin,
2018; Wicher et al., 2015). The aim is not only to
monitor the material flow but also to the information

Corresponding author: Miriam Pekarcikova — Technical
University of KoSice, Faculty of Mechanical Engineering, De-
partment of Management, Industrial and Digital Engineering,
Park Komenského 9, 040 01 Kosice, Slovak Republic, phone:
+421 55 602 32 44, e-mail: miriam.pekarcikova@tuke.sk

(© 2021 The Author(s). This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/)

Volume 12 ¢ Number 2 e June 2021

flow in the representation of individual processes ac-
cording to the given standard procedures. The actual
goal of the value flow mapping is not only a map of the
current state but also a map of the future state of the
value flow. Optimizing the value flow is needed to suc-
cessfully understand possible improvements and their
benefits for the future value flow (Rajnoha et al., 2018;
Chromjakova et al., 2017; Kuperova and Zatrochova,
2014; Micieta et al., 2018). All processes of changing
the material to the final product form a flow of values.
Value is a very important element for the customer.
This value is calculated as the ratio between product
performance and cost. When mapping the value flow
and creating a map of the present and future state, it
is appropriate to apply and make use of all changes in
production plans as appropriate (Ruano et al., 2019;
Fedorko et al., 2019):

e change a new product into production,

e change in the product manufacturing process,

e change in production layout,

e modifying processes or technologies.

The main output of the mapping is a visual repre-
sentation of the state of the value flow and a compre-
hensive view of the production of the selected repre-
sentative. Mapping provides a credible view of bottle-
necks, the reasons for potential losses, and inefficient
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production or storage systems. The main outputs of
the map are (Minh et al., 2019; Rosov4, 2010):

e Value added index (VA index) — the ratio of the
added value of a production process or product to
the total production lead time. The index is given
as a percentage.

e Process time — primarily depends on the cycle
time.

e Information on completion — size, status.

e Information about the amount between ware-
houses.

Using the VSM method, it is possible to achieve sev-
eral benefits for the systematization of production but
also for the whole enterprise. Other benefits for the
method are (Ruano et al., 2019; Purba and Mukhlisin,
2018; Wicher et al., 2015):

e optimization of material value flow,

finding potentials for improvement,
understanding process capacities,

reduction of work in progress and warehouses,
mapping of production status,

e data visualization,

e reduction of production lead time,

e view of bottlenecks.

Output indicators:

e Production Lead Time — (PLT) is a basic perfor-
mance indicator and indicates the time interval
from receiving a request from a customer to deliv-
ering a product to a customer. Shortening PLT in-
creases the value-added index. The size of the PLT
is primarily dependent on the dose size, the indi-
vidual process and preparation times. In the case
of series or parallel production, so-called total run-
ning time, considers the size of the required quan-
tity. The total running time also includes trans-
port times, waiting times by machine occupancy
and more (Minh et al., 2019).

e Value Added Index — (VA;) denotes the mapped
value of the sum of all times adding value to the
final product. Compared to the value-added index,
it is also possible to observe the non-value-added
index, which is the opposite and indicates a waste.

Product representative selection

Rough sketching process

Preparation of forms for data recording

Calculation, record of customer requirements

Data acquisition by direct measurements at the workplace, in the workshop

Mapping of work in progress and inventory size

Conversion of stock size to daily customer regquest

— S

Create a customer and supplier icon with the necessary information
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Drawing process steps, writing data: cycle times, set up time, etc.

Illustrate material flows, storage icons (inventory size in days)
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Supplementing the planning system and its forms with information flows, planned demand and work changes

Supplementing the added value index below the map

Calculation the input indicators based on the value flow information recorded on map
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Fig. 1: Typical steps in VSM
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e Inventory Turnover — is an annual figure indicating
the number of annual orders/deliveries per year.
This can also be calculated as the ratio between
annual consumption and average consumption. It
is one of the indicators of the efficiency of man-
agement systems (Minh et al., 2019)

e The number of process steps — (PPK) is the sum
of the process steps adding value and not adding
value. It is also used in conjunction with the per-
centage expressed process steps that add value in
a nutshell (PKVA;).

By mapping process, it is necessary to adhere to the
set rules of VSM creation, Fig. 1 (Bhat et al., 2009):

e All participants must be informed in advance
about the mapping and principles of VSM.

e Mapping is not only based on management but
also individual operators in processes are an im-
portant source of information.

e Do not rely on established standards and map ev-
erything in real, normal conditions.

e Avoid the use of subjective and informal informa-
tion.

e If the process branches into more parts, the value
flow is first drawn and then the most important
components are logically connected to it.

e Completion of the entire VSM map, as an incom-
plete state has low information value.

The map of the current state has an opportunity
for evaluation and control. From the customer’s re-
quest to the handover of the finished product to the
customer, space is created to increase the efficiency
of individual non-value-added processes and thereby
improve value flow. To exploit the potential for im-
provement, industrial engineers focus on basic types
of waste. The decrease and saving of inventories posi-
tively influence the increase of the value-added index.
If the solution uses all possibilities to reduce inventory
in production, then the next step is to try to use the
principle of pull when the requirements come from the
following process. By implementing these two steps,
it contributes to a smooth flow in production (Straka
and Malindzak, 2009; Grznar et al., 2019; Krajcovic
et al., 2019; Straka et al., 2018; Duplakova et al., 2017,
Paulscrap, 2018; Bangsow, 2015):

Before drawing up a map of the future, it is neces-
sary to focus on a range of questions:

e What is the tact for the product group?

e Where can a continuous flow of material be intro-
duced?

e Where is it possible to use a thrust warehouse?

e Which point in the production chain is the step?

e What improvements must be made to meet all the
recommendations?
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VSM modeling using TX Plant
simulation software

The main goal of implementing the above-men-
tioned methods Value Stream Mapping is to create
a dynamic model of map of the value stream in the
production of the reference product and optimize the
current state using the TX Plant simulation software.
The partial goal was to point out the possibilities
that dynamic optimization through computer simu-
lation allows. The reference product is steel codes,
the main component used to reinforce an automobile
tire, Fig. 2.
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Fig. 2: Tire structure (Duplakova et al., 2017)

The production of cords consists of eight opera-
tions:

1) drumming (C/T = 1:15:00) — The input wire semi-
finished on drums suitable for machines used in the
production process.

2) crowding out (C/T = 4: 40: 00-4: 55: 00) — The
blank wire is pulled to the desired fibre diame-
ter and winded to the conveyor for the next pro-
cess. Different diameters have different processing
times, making the thinner the longer the process-
ing time.

3) checking the diameter (C/T = 2:00) — Check the
diameter with a high precision laser station. This
check ensures the required quality of the entire
length of the fibre.

4) cabling and splicing (C/T = 3: 10: 00-3: 20: 00,/2:
15: 00-2: 25: 00) — production of cordless core, the
fibres are machined by knitting on the machine to
achieve the desired product.

5) coil packing (C/T = 6:00) — Coils should be
wrapped tightly with a plastic foil to secure the
cord against spontaneous rolling out

6) check Cords (C/T = 11:00) — Each coil comes to
the final check where the specified length is cut
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and tested their parameters.

7) pallet Packaging (C/T = 9:00) — Coils are stored
on pallets and cardboard packaging is placed on
top of the pallet.

8) shipping (C/T = 15:00) — The pallets are shipped
to the customer according to the current orders.

The input information of manufacturing process is
processed in Table 1. (cycle time, set-up time, avail-
ability and Mean Time To Repair). The input infor-
mation was measured directly in the production plant
used Gemba approach. View of the production hall is

shown in Fig. 3.

Table 1
Input information of manufacturing process [own process-

ing]

Process Cycle time
(DDD:HH:MM:SS.XXX)

1:15:00

Set-up time Availability MTTR

(MM:SS.XXX ) Y (MM:SS.XXX)
0:00.0000 100 0.0000
10:00.0000 95 5:00.0000
0:00.0000 100 0.0000
10:00.0000 95 5:00.0000
10:00.0000 95 5:00.0000
0:00.0000 100 0.0000

drumming
crowding out 4:40:00-4: 55: 00
checking the diameter 2:00
cabling 3:10: 00-3: 20: 00
splicing 2:15:00-2: 25: 00
coil packing 6:00
check cords 11:00
pallet i 9:00
shipping 15:00

0:00.0000 100 0.0000
0:00.0000 100 0.0000
0:00.0000 100 0.0000

Fig. 3: Production hall

From applying the value flow mapping method, it
is very important to have the current situation cor-
rectly described. To this end, the current state map
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is compiled, which will later serve as a basis for iden-
tifying the waste and compiling the future state map.
To compile a map of the current state it is necessary
to monitor the material flow directly in the produc-
tion. It starts at the expedition where the stock lev-
els were evaluated, and further information was col-
lected between the stocks between processes towards
the material input from the supplier. To build a map
of the current state, it is important to work with the
most up-to-date data. The production observed can
be referred to as a series production using a pressure
system. It is therefore a production where work ac-
cording to the order from the customer. The current
state map is shown in Fig. 4.

The created map of the current state describes the
individual processes, their course in production and
provides information about each process such as:

name of the operation,

number of pieces processed in the process,
working time in percentage,

waiting time in percentage,

number of pieces in between warehouses.

The map was based on information provided by em-
ployees or measured directly in production. Other in-
formation was documents and information about the
supplier, the method of delivery and exact dates, but
also the order of the material, the method of produc-
tion management and planning, or the form of order-
ing the finished products.

The selected product group was supported by ABC
nalysis, which determines the closely monitored group
of four products and their production in the value flow
map. The group of products under review includes the
products referred to below as A30-2 + 1x0.30 / B28-
2 + 2x0.28 / C30-2x0.30 / D28-4x0.28. The cur-
rent state of production analyzed shortcomings and it
is, therefore, necessary to propose an adequate solu-
tion for these bottlenecks due to the wastage in the
production process, which does not add value to the
customers. To achieve an optimal future state, the
Kanban system was designed and implemented in the
Tecnomatix Plant Simulation environment. The in-
troduction of Kanban would reduce stock levels and
eliminate downtime. Kanban cards are based on the
pull principle and to ensure a smooth material flow,
it is necessary to identify the weakest link in the pro-
duction process, which is the Extraction 1 and Ex-
traction 2 processes. This is because if the processes
in front of these cells are faster, they will be built up
before the slowest process of inventory, thus increas-
ing the storage costs of work in progress. It is there-
fore necessary to introduce the principle of a move
based on Kanban cards, Fig. 5. In Fig. 6 are output
information from the simulation run of the current

Volume 12 ¢ Number 2 e June 2021
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Fig. 5: Schema of the simulation model Value stream mapping process — proposal

and proposal model — WIP/Work in Progress, Kan-
ban and FIFO analyzer. From the output statistics it
is possible to subsequently suggest other possibilities
for improving and increasing the productivity of the
production process.
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When Kanban cards are introduced, the worksta-
tions are more connected, because the Kanban sys-
tem works by sending a Kanban signal from the last
workstation and always sends a signal that the work-
station can receive the stock. Kanban cards improved
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Fig. 6: Output from the simulation run of the current and proposal model — WIP, Kanban and FIFO analyzer

the feedback and communication between production
and management, improving the quality and speed of
the information flow. They have also fallen in stock
for work in progress and finished products, as semi-
finished and finished products often remain in stock
for a long time. The products thus bind capital, in-
crease storage costs, and reduce inventory turnover.
The production time is prolonged, which does not add
value to the customer and wastes. With the introduc-
tion of Kanban, there was a reduction in stored stocks
and the elimination of downtime. Thus, material and
information flow have become smoother by applica-
tion of the kanban system and the waiting time in
stock has been shortened. This aligns processes and
resources between supplier and customer.
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Conclusions

The overall planning and organization of the future
state simulation were very prolegomenous because it
was necessary to carefully set up and interconnect all
processes to show a situation that might occur in the
future so that these processes have sufficient informa-
tive value. It is important that the simulation must
be useful to the company and sufficiently evident for
subsequent application.

Traditional static value flow analysis is expanded
to include a critical time element of stock availabil-
ity. Modelling and simulation of value flow allows cre-
ate the dynamic fluctuations in daily production due
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to batch size, setting procedure, product changes, or
other faults. It takes some important differences be-
tween traditionally made VSM and VSM made with
software support, Table 2. Simulation software Tec-
nomatix Plant Simulation (Duplakova et al., 2017),
discrete event simulation tool helps to create digi-
tal models of production and logistics systems and
allows testing system performance and optimizing
them.

Table 2
Differences between traditionally made VSM and VSM
made with software support

Aspectr Traditionally | Software support
VSM VSM
time static dynamic
costs low higher
pencil and computer and
means . .
paper simulation software
product family 1 product all products

analysis most internal most external
advanced analyses no yes
skills analytical analytical and
computer
usable of model once reusable
clarity of model low high
rate of creation map fast slow
system and no possible possible

parameters changes

VSM — Value Stream Mapping

With initializing the VSM Library in the frame area
of TX Plant Simulation it is possible to creating and
testing the value flow of all product families. Created
digital models make it possible to create experiments
and scenarios without disturbing existing production
systems. Extensive analysis tools, such as the analy-
sis of barriers, statistics and graphs allow evaluating
different manufacturing scenarios.

At first glance, there may seem to be a great con-
trast between the implementation of lean principles
and the introduction of industry 4.0 technology. Man-
ufacturing processes within Lean Manufacturing are
more standardized, more transparent and limited to
the necessary work compared to other types of organi-
zations. As a result, they are less complex and support
the implementation of Industry 4.0 solutions (Fig. 7).

It is interesting, that the principle of Lean produc-
tion is a relatively new practice for Russian compa-
nies. According to the source (Plakhin et al., 2019),
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Fig. 7: Industry 4.0 vs Lean

the introduction of Lean production systems into Rus-
sian reality began in 2000. The main reason given
is that domestic companies, starting with the state
of the economy and mentality, cannot use foreign
experience without change. Industry 4.0 technology
intensification are tools that increase the flexibility,
efficiency, and performance of manufacturers. Just
simply convert paperwork instructions to digital, in-
creasing the speed, accuracy, and addressability of in-
formation. However, the impact of Industry 4.0 on
companies using Lean production principles has not
yet been sufficiently explored. Nevertheless, it can
be stated that the combination of principles, meth-
ods, and tools of lean manufacturing with informa-
tion and communication technologies from Indus-
try 4.0 already has a high potential in the present
and soon.
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