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| ntroducti on

Production companies today are facing major challeilgestomers are expecting something
new, something personal, better quality and shorter deliveries. In the same time producers must
think on how to be more environmaity friendly, how to use less res@esandproduce less

waste .Doing so,the price should stay the sameeven lower

That puts production companies to a position, where something new and innovative has to be
done. As the clients can use mobiles and Internet wherever they are and gitamelérs, the
companies must fit with the needs and lookafarobile technology themselves. The area where
clients look for the goods is spreading so every company needs to adapt with faster production
anddelivery.

Formerly companies used to build theomponents in various locations and brought them
together to make the final produitr the customer. Today the cpamies are expected to
centralize their production so all the operations can be simultaneously controlled and are
changeabile.

To meet thes requirements companies must look for to digitalization their manufacturing,
which means bringing to use smartphones, tablets, sensors, programs that are connected with
one anotherThis createghe way for the future in prodtioni Industry 4.0.

Themainaim of the thesis is ttake closer look into different ways of production digitalization

and Industry 4.0In the thesis will banapedthe situation in Estonian furnituradusty: are

there any conpanies digitalizing their productions and what areetlthoughts towards
digitalizing. For thata survey was carried oahdthe results of the questionnaire waralyzed
Another aim of théhesisis to study the digitalization progress in a company named Plaat Detail

O | to :=e what are the benefits gaineait, what are theisks and difficulties by implementing

new technologyand analyze the situation where the company is today and what are the next

steps needed to execute



1 Production digitalization

1.1 Industry 4.0

The proliferation of cybephysical system#troduces the fourth stagof industrialization,
commony known as I ndustry 4. 0. sibdagitbtingstogetharl n d u
trends and technologiestiarn aroundhe way things are madg]

The need for the fourth industriedvolution is driven in one hand by changes in production
strategies and also by the new needs of the society. The main needs that started Industry 4.0
are:

lowering the cost;

simplicity;

high flexibility and easy handling;

chance for small and medium siz@mpanies;

easy shifted,;

customer oriented production;
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smart, robotics oriented production for small and medium size companies. [4]

The reality that came at the beginning whil
1T automated production unitds too high cos
1 complexity;

1 high competence requirement;

1 availability for only big companies;

1 to get the efficiency large production output is needed,;
1 production by series. [4]

The importance of robots in everyday life and in production is growing rapidly. Today there

arerobots all around us; in agriculture milking machines, in household vacuum cleaners, bomb

robots to make dangerous tasks etc. Robots are even able to play musical instruments. [4]

Service robotics market size is expected to reach 21.7 billion USD by Ple2main need for

robotics is in defense service along with healthcare, transport, production. [5]

Robotized production may bring the rise of small and medium size companies, because the cost

of robots is decreasing and changes in the idea of robotioplePare getting used to robots.

As the robots were programmed to do some simple tasks and were rounded by a safe barrier.



The workplaces were strictly positioned. The robots are getting more and more intelligent and
that gives a chance to let them fredhe production next to other workers and make flexible
workstations. That gives the opportunity to easily change workstations and change the products
or details to be produced. That could be very important to small factories which are producing
small quanties of different products. The developments are moving towards robotized
workstations, where there is no need for production units and all necessary operations can be

done by robots. [4]

1.2 Changes with Industry 4.0

The Industry 4.0 can be defined as tiext phase in the digitization of manufacturing driven
by four disruptions:

1 therise in data volumes, contptional power and connectivity;

1 the emergence of analytics and inessintelligence capabilities;

1 new forms of humamachine interetions;

1 improvements in transferring digital instructions to the physical world.

The name Industry 4.0 is not based on these four trends, rather being the fourth major upheaval
in modern manufacturing after the lean revolution in 1970s, outsourcing phenomenon in the
1990s and the automation in the 20Q8= Figure. 1)3]

The changes that come with Industry 4.0 will affect the whole factory and the supply chain.
The speed of changes will probably be smaller than what has been seen in the consumer sector.
The earlierbig changes in industry brought changing the equipment up -@0 8fercent,

coming of steam power and the rise of robotics, which meant large capital investments. With
Industry 4.0 changes like that are not expected, butaséllexpected that0-50 perent of
machines need upgrading or replaciieg.

Industry 4.0 creates a so called smart factory. In structured smart factorieploybieal
systems are monitoring physical processes, creating a virtual copy of them and make
decentralized decisions. Viaternet of ThinggloT) these systems communicate with one

another and cooperate with humans in real time and via Internet of S€loRp§5]



Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems

Figure 1. History of industrialization

To consider developing Industry 4.0 ifie@tory or system it must include:

1 interoperability- machines, devices, sensors and people that conmécioaxmunicate

with one another;

1 information transparency the systems create a virtual copy of the physical world

through sensor data in @dto catextualize information;

11 technical assistanceboth the ability of the systems to support humans in making

decisions and solving problerasdthe ability to assist humans with tasks that are too

difficult or unsafe for humans;

1 decentralizedlecisionmaking- the ability of cybetphysical systems to make simple

decisions on their own and become as autonomous as pofible.

As there are risks with any big changes in productions there are also risks and challenges in

adopting an Industry 4.®odel:

i data security issues are greatly increased by integrating new systems and more access to

those systems. Additionally, proprietary production knowledge becamé&B security

problem as well;

9 a high degree of reliability and stability are needed $accessful cybephysical

communication that can beffitult to achieve and maintain;

1 maintaining the integrity of the production process with less humvansight could

become a barrier;

1 loss of highpaying human jobs is always a concern whesw automabns are

introduced:;
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1 avoidingtechnical problems that could cause expensive production ouf@pes.

To create and execute these systems the company has to invest heavily, because at the momen
there is lack of expesnce and manpower fdhese operation$till Indugry 4.0 has lots of

benefits to make the inviesent worthwhile. In dangerous working environment the workers
health and safety can be improved, supply chains could be more readily controlled when there
is data for every manufacturing processyeneliable and consistent productivity and output

can be produced by computer contf6].

Thelndustry 4.0 is used for three mutually interconnected factors:
7 digitization and integration of any simple technitaéconomical relation to complex
technicali economical complex networks
1 digitalization of products and services offer;

new market models

All these activities are connected with different communication systdmnternet of things,
Internet of services and Internet of people. These technolbglpsentities to communicate
with each other and reclaim information from the production owner during the all life cycle of
systems without respect to border among enterprises and countries. All divikitres o
production, market network is alstle to have relevant datarhat will help all the parties
while prodiction can work out systenfigaturingvery modern components which will be even

in the design and testing phapa.

1.3 Enterprise resource planning

Enterprise resource planni{fl§RP)systems arene heart of every firm. Making people use this
expensive tim&onsuming investment is erof the most important problertswork with.

In an increasingly competitive globalizethrket, the key to orgardzt iseucc@ss is the ability

to maintain and increase that competitive advantage.

Organizations cannot compete their own, advantage can be achieved through cooperati

with other organiations formingntegrated and flexible supply chaif$0]

ERPis an &olution of the 1980s manufacturing resource planning (MRP II), succeeding the
concepts and theories that go back to the 1960s with first attempts to improve lead times and
possession stock costs. ERP became quickly the standard enhancing operatimmalyeffith

the integration of business processes throughout all organization.
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In the last decades the usage numbers of ERP system users have increased remarkably and the
worldwide ERP market is sumed 224 billion euro by 2013. The competition is heated and

the top five companies represent half of the market (SAP 24%, Oracle 12%, Sage 6%, Infor
6%, Microsoft 5%)[10]

ERP is a process by which a company (often a manufacturer) manages and integrates the
important parts of its business. An ERP management information system integrates areas such
as planning, purchasing, inventory, sales, marketing, financkuandn resourcefl1]

It refers to the systems and software packages used by organizations to deriaggay
business activities, such ascountingprocurementproject managememindmanufacturing.

ERP systemsditogether and define a weatthbusiness processes and enable the flow of data
between thenERP software integrates all facets obgerationd including product planning,

development, manufacturing, sales and markdinig a single database, application and user

interfaceBy col |l ecting an organizationb6s shared
systems eliminate datadupt at i on and provide data integr
[11]

ERP software typically consists of multigaterprisesoftwaremodules that are individually
purchased, based on what best meets the specific needs and techpedslities of the
organization[11]
Some of the most common ERP modules include those for product planning, material
purchasing, inventory control, distribution, acnting, marketing, finance and human
resourcesA business will typically use a combination of differerddules to manage back
office activities and tasks including the following:

1 distributionof process management;
supplychain management;
fadlitate better project planning;
standardizeritical business procedures;
reduce redundant tasks;
assess businesseds;
accouning and financial applications;

lower purchasing costs;

= =/ =4 4 A4 A4 -4 -

managehuman resources amnehges fund. [12]

A key ERP principle is the central collection of data for wide distribution. Instead of several
standalone databases with an endlassentory ofdisconnected spreadsheets, ERP systems
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bring ordetto the chaos so that all usdrem theCEO to accounts payable clerkseate, store,

and use the same data derived through common processes. With a secure and centralized date
repository, geryone in the organization can be confident that data is correct, up to date, and
complete. Data integrity is assured for every task performed throughout the organization, from

a quarterly financial statement to a single outstanding receivables regbdutadeploying
error-prone spreadsheef43]

1.3.1 The Business value of ERP

tisdi fficult to ignore the impact of ERP in
processes are corralled into ERP systems, businesses are able to align separate tdegpadtmen
improve workflow, resulting isignificant bottordine savings. Examples of specific business
benefits include:
1 improved business insightfrom reattime information generated by repgrts
1 lower operational cost$ through defined and morstreamlined business
processes
71 enhanced collaboratioh from users sharing data in contracts, requisitions and
purchase orders
1 improved efficiency through a common user experience across many business
functions and managed business processes
7 consisteninfrastructureg from the back office to the front office , all business
activities have the same look and feel
1 high useradaption rates from a common user experience and design
1 reduced risk through improved data integrity and financial controls
1 lower maagement and operational cosdtwough uniform and integrated
systems[13]

1.3.2 History of ERP

The history of ERP is longer than 100 years. In 1913 engineer Ford Whitman Harris developed
a papetbased manufacturingystem for production planningnow known as the economic

order quantity (EOQ) model. EOQ was the standard for manufacturing for decades. It was
changed by company Black and Decker in 1964 while being the first company to adopt a
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material requirements planning (MRP) solution that combined E@@Qepts with a mainframe
computer[13]

Until manufacturing resource planning (called MRP II) was developed in, MRB was the
manufacturing standard. MRP Il featured modules as a key software architectural component
and integrated main manufacturingngponents like purchasing, bill of materials, scheduling
and contract management. The different manufacturing tasks were for the first time integrated
into a common system. The new system also provided imperative vision of how organizations
could leveragesoftware to share and integrate enterprise data and boost operational efficiency

with better production planning, reduced inventory and less waSie.

1.3.3 Warehouse management and ERP integration

A warehouse management system (WMS) is to support all other aspects of controlling the
inventory in the digitizing process. It helps to lower costs and order fulfillment times with
reducing the movement in warehouse. To get the maximum accuracy andipitydticeeds

to be connected with other business proce$a4k.

By controlling the movement and material storage in the warehouse and processing operations
related to companies WMS is an important part of their supply chaincdrhputer programs
contirually follow the process of products as they move through production to warehouse and
makes sure that the receipt, storage and movement of goods are all steadily undefZgntrol.
Key process support usually consists of the standardization of shiproeipt,reptimization

of stock levels to prevent needless money being tied up or businesses failing to deliver,
modeling and administrating warehouse locations for optimal order production time, data
communication with order and logistics management, kedpaoy on the products location

and sheHtimes to use the space smart and in maximum capacity and to be ready for irregular
demands[24]

In WMS data capture technology and alidooften work as a tandem to maximize efficiency.
Using barcode scanners, RFbr voice recognition systems to simplify keeping track on the
product flow. This information will be sent to database and can be synced to support real time
reporting and to increase efficiency in different positi¢p4]

Integrating warehouse systemghwERP ensures that warehouse will not operate as a- stand
alone entity. To make better decisions the-teaé data from warehouse system can quickly

be used in customer service and manufacturing departments. Project managers with process

manages can beter organize production plans on the basis of-tiea material availability.
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And customer service can then give more precise answers and deadlines for customers based
on the feedback getting to them from the warehd2<g.

With complete integration it suld be possible for warehouses to move one step forivard
automatic electronic notifications. Purchasing department can be informed of what has or has
not been delivered and customer service can inform the clients on changes in delivery times.
All information from freight manifest systems and carriers can be closely linked with the sales
order system to speed up and raise the accuracy of billing when online sales portals are
available [24]

Adding in more mobile technology it would be possible to low tlaeribrs between
manufacturing and warehouse. Minimizing information leakage and correctly unifying
production with inventory, RF and bar code activities can be carried out in either lof2tjon.
Fulfilled correctly, a system like that would cover all tha@sesi goods receipt, location
management, order pool management, picking, replenishment, reporting on physical and cycle
counts and vendor returns to staaepingunit (SKU) management. It does not matter whether

the goods are used imgaluction or sal directly to customethis system gives well organized

and smartly used space in warehouse and saves employeR#ine.

WMS-ERP integration creates one system for elistomer service, production and warehouse,
everyone works with the same informatiand paperless work environment can become a
reality. [24]

1.4 Material requirements planning

Material requirements planning (MRP) system is a softW@sed solution that works
backwards from customer orders to determine when materials will be needed fortiorod
and then initiates their purchase to have delivery coincide with upcoming manufacturing runs
and scheduled product delivery dates. It plans production, schedules raw material purchase and
delivery, and manages completed inventory le\J&i]
An MRP system is designed to do three main things:
1 make sure raw materials and component parts are alwayanzhfor production, to keep
the production schedule running smoothly
1 support justin-time (JIT) production by enabling the lowest level of materiald an
inventory to be available and still keep production on track

1 plan production schedules to meet customer demand for products in a timely .fd&hner

15



The first MRP systems of inventory management develapékde 1940s and 1950s. In use
were mainframe coputers to explode information from a bill of materials for a certain finished
product into a production and purchasing plan for components. Soon MRP was escaladed to
include information feedback loops so that production personnel could update and ckange th
inputs into the system as needdd)]

There are three questions that MRP is meant to answer:

1. What is needed?
2. How much is needed?

3. When is it needed?

MRP distributesinventory requirements into planning periods so that production can be
completed in a timely manner while inventory levedsd related carrying costare kept to a
minimum. Implemented and used properlytf can hel p p rp@adforcapatpo n ma
needs and allocate production time. But MRP systems can be time consuming and costly to
implement, which may put them out of range for some small businesses. In addition, the
information that comes out of an MRP system is only as good as the inforiatiaqyoes into

it. Companies must maintain current and accurate bills of materials, part numbers, and inventory

records if they are to realize the potential benefits of MES].

1.4.1 MRP inputs

There are three main sources of information input into MRP ragsta bill of materials, a

master schedule and an inventory records file. The bill of materials consists of a listing of all
the raw materials, component parts, subassemblies and assemblies that are required to produce
one unit of specific finished producits own separate bill of materials is made for every
different product. The bill of materials is arranged in a hierarchy, so that managers can see what
materials are needed to complete each level of produtish.

MRP uses the bill of materials to detene the quantity of each component that is needed to
produce a certain number of finished produidtS]

The master schedule brings out the predicted production activities of the factory. It is developed
by using both internal and external orders, ing@obut the quantity of each product that will be
manufactured and the time frame in which they will be needed. The master schedule divides
the planning horizon into time Abucketsid, u
time frame long enougto produce final producf15]
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The inventory records file provides an accounting of how much inventory is already on hand
or on order, and thus should be subtracted from the material requirements. The inventory
records file is used to track information thie status of each item by time period. This includes
gross requirements, scheduled receipts, and the expected amount on hand. It includes other

details for each item as wellike the supplier, the leatime and the lot siz¢15]

1.4.2 MRP processing

Usinginformation gathered from the bill of materials, master schedule and inventory records
file, an MRP system sets the net requirements for raw materials, component parts and
subassemblies for each period on the planning horizon. Firstly the MRP processingroks
gross material requirements and then divides out the inventory in hand and adds back in the
safety stock in order to calculate the net requiremgt.
The three main outputs from MRP contain three primary reports and three secondary reports.
The primary reports consist of:
1) planned order schedules, which explain the quantity and timing of future material
orders
2) order releases, which allow orders to be made
3) changs to planned ordersyhich could involve cancellations or revisions of the
guantityor time frame.
The secondary reports consist of:
1) performance control reporis used to trace problems like missed delivery dates and
stock outs in order to evaluate system performance
2) planning report$ used in forecasting future inventory requiremgnts
3) exception report§ require managés attention to vital problems like late orders and
excessive scrap rates.
To determine the requirements for components by working backwards from the production
plan for a final product might seem like an easy taskeatity it could be very difficult as
some type of raw materials could be used in different products. The other aspects that make
it difficult are frequent changes in product design, gesnn order quantities, changas
production schedule. The importanof IT power is obvious while cerering the number

of materialschedules that must be trackfib]

17



1.4.3 The advantage and disadvantages of MRP system

MRP has beeraround for around 30 years, as material requirements planning (MRP) or
manufacturing resouecplanning (MRP 1) and still as one of the predominant methodologies
in inventory organizing and production planning it has its pros and cons. To get the most out of

an MRP system, it is important to consistently followWl6]

The advantagesf ushg MRP come mainly from the basitea of it

1 on time availability of the right required materials for production

1 little, if any, excess inventory

1 intime delivery of goods to customgrs

1 optimal use of manufacturing resources

1 decrease in capital cost duedecreased inventory levels and optimal use of production

resources

1 collecting the business data for analysis and therefore better plafirGhg
MRP systems give@roduction companies a humber of potential benefits. Some of the main
benefits include helmtproduction managers for minimizing inventory levels and the associated
carrying coss, track material requirementsetermine the most economical lot sizes for orders,
compute quantities needed as safety stock, separate production time among varigis prod
and plan for future capacity needs. The information generated by MRP systems is also useful
in other areas. Production planners and production managers are obvious users of the MRP
system, they must find balance between workloads across departmentsake decisions
about scheduling work. Other users include customer service representatives, who need to be
able to provide projected delivery dates, purchasing managers and inventory mghagers.
Firstdrawback of MRP is that relies upon input information accuracy. If a business has not
maintained good inventory records or has not updated its bills of materials with all relevant
changes, it may encounter serious problems with the outputs of its MRP system. These
problems cand® missing parts or excessive order quantities, in worst scenarios schedule delays
and missed delivery datd45]
Second potential drawback connected with MRP is that the systems might be difficult, take a
lot of time, expensive to implement. Many busimssdiave found opposition from own
employees when trying to implement MRES]
MRP is an excellent methodology in general, but it gives you the benefits when applied under

appropriate circumstances. Espally when talking about the material requiremendsiping
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flavor of it, MRP is definitely suitable for make-stock manufacturers. Make-order and

mixed mode manufacturers also benefit from MRP, but only to the extent that their production
lots are medium to lge and the product does not change mWdien the company engineer

to-order or project based manufacturer, it may be enough to use the common sense approach of
ordering and manufacturing what is needed and MRP gives you just a framework how to not
miss the important bit$16]

With MRP, it isneededo keep records and enter data. Together with the ability to suggest
what, how much and when to buy or manufacture, comes the need to keep stock and production
records. For the prodtion planning to be correct, ieadto record finished operatns and
manufacturing orders as soon as production gets comp&&d.

Training and education for all affected workers are the key factors to make MRP
implementation work. It is important in early stages to identify the key personnel who will be
mostly efected by new MRP system. They have to be the first ones to be convinced of the
merits of the new system so they may mig the plan. The personnel hiadbe convinced that

the new system will personally serve them better than any alternative systedjugta reward

system to reflect production and inventory management goals is one way to improve employee

acceptance of MRP systeff5]

1.5 Manufacturing execution system

Before computer systems a manufacturing execution system (biBSisted of hardrawn

charts and managers with clipboards checking inventory level. Essentially MES tracks the
manufacturing process from the raw materials phase through the finished product. It provides
the right information at the right time to showetfloor manager how to optimize current
conditions to improve production outp{t7]

MES consists of the computer systems used to manage production and daily operations within
a process facility, above the level of automatic control. MES are computsytetns used in
manufacturing, to track and document the transformation of raw materials to finished goods.
MES operates in redgime to enable the control of multiple elements of the production process.
A MES guides, initiates, responds to and reportplant activities as they occur, based on
accurate dat418]

The extensive data and analysis that formerly was unattainable through traditional methods, is
now in most factories mapped by computers with MES. Manufacturing execution system gives

various avantages to manufacturef$9]
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Firstly MES helps to capture costs more accurately. With MES several costs like labor, scrap,
downtime and maintenance are recorded intiged from the shop floor. This data is in turn

used by management teams to evaluaf@ofitable business models and in pricing new work.

As other systems also share this data, MES enables the company to increase productivity in all
its production facilities[20]

Secondly using MES helps to reduce waste, scrap and overages. MES aaetymately
production lines and finished products. Thus this system discovers all inconsistencies or
deviations on these lines, straight halting them to limit the number of defected parts and wasted
material.[20]

Thirdly MES decreases downtime. Througbing MES the system can generate realistic
production schedules. MES reaches that by tracking raw materials and parts inventory. This
removes time spent from-ponfiguring schedules while parts are in work. It then becomes
possible to add employee schedglinto this program and making efficient use of applicable
staff.[20]

Fourthly MES helps to decrease costs. It is possible to accelerate operations logically once there
is a better handle on the product, the material, time and labor required to cah®pjete The
process makes it possible to cut back on ordering or to release personnel from operating
production lines and controlling inventofg20]

MES assists to reduce inventory. Keeping extra inventory costs money. Next to overage
production coststransportation, storing and monitoring these goods gets expensive. A good
manufacturing execution system will continuously update the inventory records with new
production, scrap material, undue product. That gives knowledge to purchasing, shipping and

scheduling departments what is available in each facility and what has to be of@éted.

1.5.1 Manufacturing execution system as an investment

Manufacturing execution syste(VES) is a fundamental example of an investment that can
really make the business bettérhether the business change is great or not can vary on how
brave, committed and visionary the company is. These manufacturers who come out on top in
the struggle for competitive advantage see macro opportunities for transformation over and
above micro stcesses from a single plafzl]

More and more manufacturing enterprises are looking for ways to streamline, increase
promptness and become more data smart. As it is a big investment for a company it brings with

expectation of return of investment (RQYES gives a wide range of hard and soft benefits
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that increase over time. Nevertheless, businesses aoeqrpied with usual targets revolving
around shorterm cost cutting on a local scaj21]
The temptation to hurry development to meet an averagdadR@et of three times investment
is vital. A quick and easy return could be politically alluring, but it is eventually short sighted.
Companies like the encouragement of seeing a dollar saved, but who stop there might risk with
missing out on the largesavings that could impact strategic business outcomes in the future.
[21]
The first phase of MES lays the foundation for even more cost reductions and performance
benefits over time. If an MES is rolled out over multiple plants and embraced as a companywid
initiative, an ROI way beyond the average three times is possible. The cumulative effects of
nearreattime visibility of production processes, as well as an understanding of them, will
surface the less easily quantified, but equally significant benefits
An industry analyst research suggests a list of following potential benefits for those companies
who do not expect great changes in nearest fu2ig.
Potential benefits in-32 months:

1 efficiency gaining;

1 cost reductions

1 improved quality
Potential benefits 236 months from implementation:

{1 process improvements

1 shortened cycles / work flows

71 reduced inventory costs

Potential benefits 3+ years from implementation:

1 accelerated new product introductjon

1 reduced indirect labor costs

1 bettermanagerial decision suppprt

1 increased organizational agitity

1 improved asset utilizatiof21]
Manufacturers are increasingly operating in an informatioven environment. Increased
visibility of processes across multiple sites offer manufacturers the tools needed to recognize
and seize new opportunities that might not have been previously ex@dered. It is important
not to let business invest in MES, and then fail to look beyond the first phase of benefits. One

has to be patient, learn from the information generated, act upon the insights and reap ROI in
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the longterm. MES is truly the hiddeweapon of manufacturing. It is up to the management
to enable it to transform the business for the better in a continuous improvement philosophy.
[21]

1.5.2 Mistakes by ordering IT-services

The biggest mistake that productions make by ordering IT solutiongirsgat with fixed price
without previous thorough analysis. There is no IT project that does not change while in
process[22]

The first thing is to visualizthe benefits of digitalizatiorhe question is, what are the benefits

for the compay if it is known exactly wherthe deliveryis to the customer and all deliveries

are on ime, if the inventory is reducely half, if to use production resources 30% more
efficiently, what are the benefits of shortening the delivery times by f2df?

All this is possible by digitalizing the production without changing the current production
processes to a greater extent.

The second thing is to create possibility of digitalization as possibility to order IT services.
Estonian factories are full of IT mistakes that no one is known of because it is the topic that
nobody is willing to speak22]

One aspect is that IT companies do not kmmwduction really well The IT systems in
production are very different from oth@r sectors. In production the value comes from using
the data, rather than saving and keeping the data. For example the tax return can be sent digitally
and the value for the user is time that the person gains from not going to the office or collecting
thedifferent data neede{R?]

In factory it is precisely important to know how to use the gathered data. How does the final
step of the process know, when it is the right time to start, in view of previous process data,
availability of materials, order dekry times. To use all the data correctly and usefully, one
has to know the production very go¢a2]

On the other side, factories do not know how and do not have the experience of ordering IT
services. The knowledge of making a factory work, does nettgir knowledge of how to run

IT services. It needs very good project management and a well stated IT assif@?hent.

Third important thing to do before starting to digitalize the production is to familiarize with
already existing readgade solutions. Iinay save lots of time and money. In other hand the

readymade solutions may have made to solve only one specific problems and situations. That
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would be a problem, because every factory has its own ideas and rules and are unique with their
manufacturing pycesses. What works nicely foremran be useless for the othH&?2]
It is important to exactly find out what the factory needs and learn from others mistakes, so the

digitalization process would be fast and expenditures made Wi2&]y.

1.6 Digitalisation opportunities in production

There igprobablynoindustrial sector that is not influenced by digitalisation. The vaokdgest
advertising companies are Facebook and Google, all larger stores hasendalf cash
registers and according to Forbes 72Pfpuarchases in Amazon are made with smartphones.
[23]

Digital development breaks current communication channels, competitors are moving faster
and partners are waiting for more automated communication. Skmwites give companies
endless computingerformance with data processing software. It is possible to integrate
effective and flexible intelligent systems to guets that can change the production,

communication and developmefit3]

There are three possibilities to earn additional income:

1 increase offered value and raise the price

1 decrease manufacturing cpst

1 decrease manufacturing input cost
From digitalising manufacturing process, different departments gain benefits. The sales
department will have better overview of products completimh @an prioritise their actions
based on that. Purchase department can see the raw material inventoryimer@ald know
exactly when is needed to order new materials. Qualiytrol departmentwill see the
deflection from normal immediately as theypapr.[23]

1.7 Smart warehouse

The most i mportant part of any factory is
AWhere is this?0 are the commonly asked qu
warehouse to look for right materials for puation and the right products for clients is often

the key to smooth production. The idea of

questions and help significantly the customer service and production.
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Over the past two decades the perceptioa wfarehouse has significantly changed. It is not
just four walls anymore, a fixed stationary force that works well for any distribution network.

Today these descriptions are highly outdated as the warehouses are lead Hopmiputing,
e-commerce, big da and lasinile logistics. The warehouse itself is still the core but
technology and innovation by materials handling have become important catalysts in the
development of smarter warehoufzh]

The term ASmart war ehous e bhasrepseseter @aniable ideaa s e

from the use of RFID tags and software to quality certaj@).

A real smart warehouse is not just a buzzword or manufacturing jargon, when putting into
practice effectively it will be a systematic strategy that takef#itivaal operations to a next
level.[26]

With integration of automated technology a smart warehouse is expedtdfilltday-to-day
operations. The elements of a smart warehouse may contain utilization of conveyor systems,
automatic guided vehicles (AGVautomatic trailer loading (ATL) vehicles, automatic guided

cars (AGC), automated storage and retrieval systems (AS/RS) and warehouse management

system (WMS)These are the components to make a very productive warefsise.

1.7.1 Solutions for a smartwarehouse

Track and trace solutions assist organisations to keep an eye on company assets and product
shipments, improve effectiveness, decrease costs, optimize invefitmryand improve
weaknesses in the supply chain and fallow regulatory requirererfiad quickly right orders

or materials are in use known technologies like GPS, GPRS, RFID, bar codes and stickers.
Heavy investments are made in data collection and analytics to execute these implementations.
[27]

Warehouse managers haapplied track and trace solutions across the organization. By
introducing RFID antennas within the warehouse and supplementing it with wearable
technology like Google glasses and intelligent gloves, efficiency can easily be incAddbed.
same time can be tracked puots, shipments, forklifts and worke[27]
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1.7.2 Measurable benefits and advantages

A company making necessary changes and reorganization to invest and develop its warehouse

and distribution centers will gain ntigle benefits:
1 improving productivity by autontiag perpetual time and investigating wprk
1 optimizing routes within \@arehouse to increase efficiency;
1 cut down errors with picking and placing and reduce associated costs
1 accurate products identification by individual elements not only by pallets aainerg

1 increase safety and security with reading the RFID tag of each worker and shipment
through the day[27]

A smart warehouse operation will help a warehouse manager to ascertain the ideas of raising
clients satisfaction antessen operating costSmart warehouses observe the basic point of
Al eand warehousing, in the same time <creat

probability of human errof26]

For improving security andreducing manpower smart warehouses use robotics, guided
vehicles, surveillance cameras. Automation and robotics provide accuracy and predictability.
As more homogenous the environment and tasks areigher the predictability and accuracy.

[27]

Smart warehouses that are interested in gaining productivdtgerurity need to change their
approach. It is needed to look for a more comprehensive approach when planning production

floor, warehouse and final destinati¢a7]

Smart warehouses allow companies to add to the pexesgability and dependability
accomplish sought results and most importantly, predictability. In that case a smart warehouse
can operate Alights outo alll day i f neces

warehouse, can now reassign their personnel to mtipertant areag27]
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1.7.3 Smart warehouse technologes

The SmartCart Automatic Guided C4AGC) is a magnetic tapguided automatic guided
vehicle (AGV) with low oost. It is an AGMhat is able to transport finished pallets from film
wrapping area to AS/RSvarehouse shelves oraaother adjacent area in the warehouse.

To change the route of an AGV it is needed to adjust the tape on the warehouse floor and change
a little the software. This makes the system very flexible and easy to n{@éify.

A SmartCart AGC is very suitableif transporting pallets from production to warehouse,
because it is able to deliver pallets onto a conveyor. As the pallet is set to the conveyor it can
be taken to a highse storage, AS/RS or to the dock for trailers to pick if26]

An ATL vehiclecan pile up pallets accurately and efficienttycan be even more accurate than
traditional forklift operations. That is because an ATL vehicle is very flexible, its movement is
not depended on fixed reguided AS/RS machindbat can only move within @naisle. An

ATL vehicle uses inertial or laser guidance and thus is arémeging device that can move
freely within a warehous§26]

An ATL vehicle can move finished pallets directly into trailers and it does not need any trailer
or plate modificationand automatically adjusts to trailer sk¢26]

An ATL vehicl e $pmouctvityearsd eficeemy Becaysé it gives a special
combinationof stacking and loading skills. [26]

Conveyors are the centre partasfy manufacturing, warehousing distribution operations,
because they give high reliability in very demanding environmdiitsy can be used for
moving pallets, products or details from petioipoint. Conveyors are widely used because of
their simplicity, low price and are easy to handbravity roller conveyors can be used push

lines or graded lines using the force of gravity. For heavy, bulky or unitized loads are in use
modulardesigned pallet accumulation conveyors with powered z{i2@ls.

AS/RS deposits and retrieves loads autoradlyi from fixed storage locations. By that the
system improves transportation efficiencgnking and searching of standard or +stendard

loads. It withdraws the unreasonable and repeated handling of materials, increases productivity,
reduces inventoryreesmore space in the warehoum®d increases product 10§26]

Rack system is a good choice if available room is an issue. Rack systems are easier to set up
and control and are also more eefective than AS/RS. Racks give possibility to make higher
stacking than storing on flo@nd give extra space on floors. [26]

To handle two pallets at a time, driireor drivethrough rack can be designed (cutting latbo

is half). This would be the most cesffectiveway. [26]
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1.8 Robotics in manufacturing processs

The robots are mostly used by tasks where they give the most benefit and can easily replace
human labour. These tasks can be placing different items, packing, drilling and milling, lifting
heavy items, testing. The robots must benefit the productieadgmocesses and make workers
job safer, simple and easier.
I ndustrial robot as defined by I SO 8373:201
multipurpose manipulator programmable in three or more axes, which can be either fixed in
placeormob|l e for wuse in industrial automati on ¢
To be reprogrammable, means that a robot is designed so that the programmed motions or
additional features are changeable without physical alteration. [31]
Being multipurpose, means to be capableaddption to various applications with physical
alteration. [31]
Traditional industrial robots are classified by different criteria like type of movement (degrees
of freedom), architecture (serial or parallel), application (production process) and bgdnd. [3
Robots can also be classified by mechanical structure:

1 linear robots;
1 SCARA robots;
1 articulated robots;
1 parallel robots;
1 cylindrical robots;
1 others;
1 not classified. [31]

1.8.1Selection of industrial robots

Finding the best robot for a specifiustrial application is one of the most complex problems

in real time manufacturing. Due to increased complexity, advanced equipment and functions
being included to the robots it has become more and more complicated. The mostly affecting
factors that inient the selection of robots are manufacturing environment, product design,
production system and cost. Personnel responsible need to find the best suited robot to
accomplish needed outcome with minimum price and with specific applications available. [28]
An industrial robot is a reprogrammable, automatically controlled, multifunction programmable

in more than three axes. The most important part of a robot is its mechanical arm. Its ability of
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decisionmaking, responding to different sensory inputs and mamcating with other
machines are the other important features. While selecting an industrial robot is also needed to
take into consideration its programming flexibility, accuracy, memory capacity, repeatability,
ability of manmachine interfacing. Thesatributes classify the robot selection as objective
and subjective or beneficial and nbaneficial. In one hand objective characteristics are
numerically defined, like cost and load carrying potency. On the other hand programming
flexibility and servicequality are defined as subjective characteristics. The beneficial attributes
are those in which higher values are always advisable, like capacity of load carrying and
flexibility of programming. Norbeneficial properties are those with lower values are
preferable, for example cost and repeatability. [29]

While the election of industrial robot for a given application, the one deciding needs to consider
all these attributes. [28]

1.8.2Industrial robots with different types of movement

Cartesian robots aredbsimplest of stationary robots. Regular Cartesian robots (see Figure 6
and Figure 7) have a freedom to move in 3 linear axes that are oriented to each other
perpendicularly. This movement will ensure working in a form of a rectangular box. Cartesian
robots have a high level of precision and repeatability and are easy to program. Due to their
simplicity these robots are cheaper than their analogues. Nevertheless it hasiit§irstigs

the work envelope that is not near to ideal. Very limited are thergptor tool orientation and
compared to other similar task executing robots they have a quite big footprint. However a
typical Cartesian type robot can be the cheapest option for easy operations like pick and place
tasks. [33]

28



Cartesian Robot

Figure 2. Plan of Cartesian robot

Figure 3. Cartesian robot

The acronym SCARA comes from Selective Compliance Assembly Robot Arm or Selective
Compliance Articulated Robot Arm. SCARA robot (see Figure 8 and Figure 9) is basdd on a
axis design. Tasks that are ideal for SCARA robots are kitting, packaginegpegld assembly

and different material handling applications. They are very accurate, work fast and are easy to
program. [34]

Their main shortage is the lack of eeffectorsdegrees of freedom. They cannot pitch or yaw,

the endeffector can only roll and rotate around the vertical axis. For that reason they can only
be used with parts that lay flat on the workspace. [34]

Because of their design, SCARA robots are usually ratmeadl. It would be hard to design a
SCARA robot that could lift and move very heavy items. [34]
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Figure 5. Photo of SCARA robot with markings

Universal 6axis collaborative robot (see Figure 10 and Figure 11) is a highly developed
equipment that can automate and accelerate repeated production processes. They can fully

position their tool in a given position and orientatiorextis robots can béast and easily
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deployed to new applications. They are very compact and-spageg and do not need a safety
guarding. They are easily removable in the factory from one workstation to another. [35]

4th axis

6th axis (£ 77

Figure 7. Real pictures of @xis robots

Redundant robots (see Figure 12) can completely place their tool in a given positicaxike 6
robots. Not like éaxis robots that can only have one posture of a predetermstion,
redundant robots can hold a specific tool position under different frames. It can be looked like
a human arm, that can move elbow and shoulder joints while in the same time holding
something fixed. [32]
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Figure 8. Redundat robot

Dualarm robots consist of two together working arms on a given workplace. Aaduabbot

(see Figure 13) can complete tasks and make decisions in the process. This robot recognizes
objects with both arms simultaneously and is able itself tssaithe applied force on the objects

by the enekeffectors (hands). [36]

Figure 9. Dualarm robot
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1.8.3Collaborative industrial robots

Collaborative robots are robots that are designed to physically interact with humans in a
collaborative environment. In humaabot collaboration (see Figure 14) the human operator is
assisted by the robot. Human is not replaced by a robot, it complements human with its abilities
to ease severe tasks like heavy lifting and overhead work. The @pavatrols and monitors

the production, the robots fulfil the commandments. Both support their specific abilities, the
crucial principle of Industry 4.0. [37]

Increasingly more robotic systems are entering the field used to be oconpiddy humans.

To get the full advantage of both humans and robots, there is a growing need to combine robots
to manufacturing operations. [37]

A robot that works in pair with a human wor

for one detailed task where humanrier gives the power of movement and the cobot gives

guidance, using servomotors. [37]

Figure 10. Collaborative robot

From a technical point of view, a cobot can limit its force and discover substandard activity in
their work enwronment. This lets humans and cobots to work closely without physical isolation.
For safety, in case of an impact, all cobots have force sensors that stop their movement. That
permits to work at full speed, without troubling of human injuries. [38]

Due totheir light weight cobots can easily be moved from one work task to another, as they are
easy to program with a tablet or a smartphone. Collaborative robots are usually easier than more

traditional robots and that makes them cheaper to buy, maintairparate [38]
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21 ndustry 4n O0Of umniEstmemiiandustry

In Estonia the Industry 4.0 is not yet really working. Industry 3.0 gives today in Estonia higher
value than Industry 4.0 probably woulé]

Around 150 Estonian companies were asked what kind of Industry 4.0 projects they have run
and how they see their future with it. Typical answer was that nothing has been made and the
reason was that they value highly the personnel who have helped tathielcompany. Only

three companies reported that they have run Industry 4.0 pr¢$cts.

What also came out of the survey is that many companies do not really get the meaning of
Industry 4.0. They have made that kind of projects but are not sure witésheproject that

could be classified as an Industry 4.0 projgit.

Majority of companies said that they are at the moment not moving towards Industry 4.0. Only
every 45 said that they have it in plans, but the tendency is showing it takes anhenigp tget

it work properly.[9]

The survey also showed that most Estonian companies are far from Industry 4.0 and prior to it
needs to made Industry 3.0. From a realistic point of view Industry 3.0 with automation could
bring higher value to companies, because it has lower costs aawidste deploy.

Every company has to precisely figure out the meaning of Industry 4.0 and what benefits it has

in the production[9]

2.1 Manufacture digitalization in Estonian furniture companies

For getting better understanding about the situatiorstaritanfurniture producing companies
was ran through a survey with the help Bbtonian Furniture Industry Associatiofhe
guestionnaire was sent to around 300 compaftes.quesonnaire consisted of 11 questions
main questions about compasize andquestions about the thoughts of digitalizing. The
guestionnaire can be seen in appendix 3.

Unfortunately the interest in answering the diggsaire was not as expected, vgadenonly

20 answerstiwas expecting at least 50nwake better conclusionstils some conclusions can
be made already on the fact that that few companies were interested in the survey.

It was asked about Industry 4.0 and how much tla@eompanies heard about thatgse and
do they have ran some Industry 4.0 projects in thedymction. The most popular answer by
47.1 % was that the ogpany has not heard about thatgde. 23.5 % answered that they have
heard about it and know superficially about it. Around 12 % of the respondentbatatidety
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have heard about Indng 4.0 anded themselves on course with the topic. These answers were
quite surprising for me because | thought that most of the companies should have at least heard
about it for now, it has been often in the news and it is supported by Estonian government. The

reaults can be s inFigure 2

m Have not heard

m Know exactly

m Have heard and led
themselves on course

23,50%

Have heard but know
superficially

m Have heard but have not
focused on it

FigurellAiWhat says the phrase I ndustry 4.07?0

In continuation for the last question walso asked from the companies about Industry 4.0
projects, using robotics in manufacturing processes. Anstwetidese question are firmly
connected as the most, 61.1 %, answered that they have not ran any Industry 4.0 projects. Only
one company said that they have already ran some m@erdtone company is going taru

ary Industry 4.0 project in the near future. A quarter of answeregani@s said thahey do

not see enough sufficient benefits on these investments, although they are not very small

factories, having over 20 workers in the factorye Bmswers can be seam Figure 3
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27,80%

m Have implemented

m Have not implemented

= Are planning to
implement in nearest
future

Do not see the
investment benefiting

Figure 12AHav e

any

I ndustry 4.0

projects

been

Beside of Industry 4.0 project it was asked about otheselVices that companies use in their

everyday work. The answers can be seefigare 4 Most answered option was unspecified

flotheb where can be different accounting systems. Other optiomsterial accounting,

production planning, warehouse systems, wiimke accounting were answered practically

equally and one or many of them are todayse every manufacturing company.

B Material accounting

m Warehouse system

= Workhours accounting
= Planning

m Management

m Other

Figure 13.A Wh a t

I T

systems

are used

n

everyday

These all are very important fields for fast and kagiality production and need be currently

developed. Hereanbe drawn a parallelwith Plaat DetailO | where at the moment are these

r

sectors in development to make the production smoother and get better overview of current

reaktime situation.
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As today dldifferent purchasing processa® going to the Internet and people are getting used
to buying everything directly from web, the same applies to furniture companies. On the basis
of that was asked whether companies already have their-senviees in use or are they using

any other wb shops by retailers. The answers can be seéfigume 5

m Placing
orders/priceofferings via
Internet (except for e-
mail)

Ordering products from

44,40% companies e-store

5,60%

Ordering via public e-
store on market

22,20%

Not in use

Figure 14AWhi ch cl isetrvociesntaed é€én use? f
The majority answered that they do not have asgrgices in useHalf of the other respondents
said that they are using wahops already on market, like ON24.ee or Kaup24.ee, who are
selling their products. The other half answered that their customers can place dodktisgs
directly from their homepage. This saves a lot of time for the mestéor not having to go to
the office and also for the producer, they do not have to keep so many workers in the office to
place different orders driddings Direct communication in the office with clients is one of the
most timeconsuming operations theorkers have. To make it possible for customers to place
orders or offerings via Internet, would raise the productivity of project managers.
The last part of the survey was to find out what is the perspective in the next 5 years for Estonian
furniture canpanies in connection with digitalizing. Several companies said that they do not
have any plans on digitalizing their manufacturing, but other options also were:
1 better connection between sales and produgtion
1 equipment management
i tointroduce any manufa@ing program
i continue to concentrate all the production steps to one production sgftware
1 developments towards accounting and warehouse management

develop processes to a level where the need for papers in production could be minimized
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3 Digitaln sPataaoth Det ai l

31War ehouse digitalisation in Pl aat

At the moment in Plaat Detad | is in use business software SAF for warehouse, production
and financial calculations. The main idedld# digitalisation processtg address all the goods

in the warehouse to save tinrethe look for materials and goods. In everyday use there are
around 1000 different products in the warehouse and missing is the total overview of the
location of the goods. leollaboration withK MA  Quas found a possible way how to

digitalize the warehouse processes in Plaat

To resolve the primary needs in warehouse 5 paints arebrought out.
1. All warehouse operations will be madbkrough mobile workstation in software
i Laome e s dilewdrkstationncan be a warehouse scanner or a tablet based on

Andr oi d softwar e. Addi ti onal needed dat

datdase.
2. All data will be preserved in SAF as today.

3. The registration of incoming materials will be done likesinow, based on the bill of
delivery. All materials need to be checked that they are in accordance with the bill of
del i very. The information about the i nc
database as the material articles are entered to SAF.

Thei ncoming goods are at first placed to t
goods are registered with warehouse scanners and placed to shelves. Scanning and placing
will create to the system a corregarehouse placemems long as the goods aret

relocated from the fAlncome areao, their a

amount of goods arriving simultaneously, there may be multiple areas.

4. To outfit the goods the main document wi
and afterweds it will be written back to SAF database. All the information between

addresses in warehouse | ayout will stay

To get the materials for production, the material requirement is read frorb&s&H orthe
production order, where gect managers enter the need based on calculattoos that

the system wil|l generate a pick or dher in
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system will rewrite the entered quantities to SAF according to the actually used quantity
and the materialill be written off.

To outfit the materials for selling directly to customer the sales order is read from SAF.
After completing thenaterials with mobile workplacmn output document is generated and
uploaded back to SAF, with real quantities that were given, not anymore those that a project
manager entered.

For moving the materials between different warehouses the material movement document
i's read f ronme &sAF proo girLeam and on the basis
perform the job. It will be written back to SAF for between the warehouses entry (it would
be wise to use an intermediate storage, because after writing the materials off from one

warehousehtey will not immediatelyoe available momentarily in the other warehouse).

5. An additional material dispensing from warehouse during production will immediately
be registered in warehouse scanner and the system will make the right cost of entry to
SAF.

Essatially the inventory will be held parallel in two systems:
1. SAF1 all information about prices and quantities

2. i L a o me lemswdedge of the inventory in time and the placement of goods and

materials in warehouse addresses

At every moment can be seen frone thcanneplacement of any material or the amount of
stockin any warehouse address andah be adjusted if needed.

Since the system knows exactly in which addresses are which goods and in which amount, the
materials can be placed randomly in the wansleo

Moving the materials between warehouse addresses within one warehouse, the movement is
registered with the scanner. That information is not provided in SAF.
Systematically is ALaomeesod going to keep
gives the chance to have an overview by batches, which gives the chance, if needed, in later
stages of production if detecting problems to get the overview, when the defected material has

arrived in warehouse and suibmeclamation to the supplier
Mainrisk s with fAlLaomeeso software are:

1 human acts, for example if changes in material inventory are made only in SAF. The

chance ofhese acts should be minimized;
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71 technically are needed equipment that suppbrEi or 3G/4G;
1 systematicallyitis neededtc o mpar e the inventory betwee

make adjustments if needed.

3.1.1Situation today and benefitsfor Plaat Detail O |

Today in Plaat DetaiD | there are 4 workers in warehouse, who are responsible for finding
and bringing materials out fgroduction and for customers, who only have bought raw
materials.The warehouse cannot manage all tagks given and time that customers and
production need to wait for warehouse is too long.

The time wasted just for looking for laminates from high wklistoo high. Usually as the
worker goes to warehouse to look for a specific laminate, the time spent for |cokilagbe

around 1612 minutes. The worker has to find the right shelf column and after that look for the
right laminate from 20 or more peis. All the pallets are marked with signs but still is needed

to read all the signand then lift the pallets on the warehouse floor and sort out the right
laminate

Wit h the ntwaretheetime couldsbatfleasthalved. The information abouteh
laminate location will be shown in the scanner and so the workekneilt exactly from which

column the laminate should be looked for. If the laminate is located in different shelves, that
information is also visible in the tablet or scanner. It is addd go to the right shelf and scan

the code from the shelf. From tablet can be seen, on which pallet the right laminate is and how
many sheets are there.

There is also possible to calculate and optimize the most preferable route in the warehouse to
pick up the materials. For example as the worker gets an assignment to bring out different
materials for one projedt multiple laminates, particleboards in different width, MDF, the
software will calculate the most optimal route and order in which to lookhtomaterials.

Today usually a worker starts from the top of the list and brings out materials one by one,
meaning that the time looking and driving with the lift in the warehouse would be remarkably
shorter. The information would appear in the scannair@ady right order and the unnecessary
backandforth driving would be eliminated.

The situation today is that the company is close to hiring at teasnew worker. The
companies costs for one extra wor keysalaryn war
800 U net). The investndbdllrIz00® e msdlfat WAap @
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would be ondime cost and the time to get the system in work would be around 1 year. The
company would benefit from that investment already on second yea

Another great benefit from the software would be the inventory accuracy and the ease of
stocktaking. Last year it was needed 14 workers for 2 whole workdays to make the stocktaking.
With new software | think would be enough for odlyorkers fromwarelouse to make the

inventory.

Price offer f orisinfappandixle es o soft war e

3.2 Process digitalisation in automated production in Plaat DetaiO |

Pl aat Det avisépardde prodiuetion btildings)eois located in TallinnSuurPaala
and the other in Tabasalu. Baalu factory is serautomated wittonly 56 workers. In this
factory are produced semianufactired articles, that go to afteleatment whether in Suur
Paala factory by Plaat Det&ll |, directly to furniture companies Estonia or in Europe or to
resellers like Bauhaus or Espak.

Five different articles are produced:

worktops with leading edge R standard width 600 mm
worktops with leading edge UB standard width 600 mm

1
1
1 door modulesboth long edges milled, in dth 295 mm, 395 mm, 495 mm
{1 laminated shielth dimensions 3045x1290 mm

)l

worktops with both edges R5

The idea of digitalising the factory came from problems and reclamations by customers. As the
factory is automated, it is difficult to discover defecteaucts(see Figure 15)Typical defects

are scratches on the surfacbksoken laminate, damaged sidkat cannot be seen before the
client gets the product. The reason is that the products come from production line and are staffed
automatically on a padt. No worker needs to lift the worktops or shields themselves. As for
that it is difficult afterwards to say that tHefectdid not come already in the factory, but during

the transportation outside of factory or by post processing in customers factory.
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Figure 15. Picture of a defected worktop

From that came the idea of labelling all products with unique labels and adding cameras near
the production line to see afterwards, whether the defects came to products in our factory or
later on.From the labels is possible to determvmeat product it isthe exact time, when the
product came from the certain stage of produciot who from the workers is responsible for

the defected producBased on the information read from the label can then look for pictures
from server made in the exact time arabstand see, whether the defect was already made in

the factory or not.

3.3Production stages

3.3.1Lifting and cleaning the boards

The first operation is to load the particleboard, MDF or plywood to the line. For that there are
vacuum lifting devices that lift the board on the production line. From there the board is moved
through cleaning section, where it is cleaned with brushésese will be no little pieces of

wood or anything else on that could later on get under the laminate and leave lumps on the
laminated product.

From there on are two possibilities:
1) the board goes directly to gluing

2) the longer edgesf the board are m#idto radiusesand goes to gluing
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In the adhesive coating phase is the first label printer. The board comes from coating and is
covered with laminate. If laminated shields are produced, the label is printed and glued on the
laminate. From there the stdslare moved und@ressure for 37 secondehe upper plate of

the press is 81AC &oningframereds theveewouldbe ascamneitisat 7 9
reads the label and sends information to computer that one shield is produced. From there the
shidd moves on rollers to cutting, where both long edges are trimmed so the custbrget

a laminated board that they do not nez@ut extran width, it is already done in our factory.

At the end of the first line would be cameras that take two plodtbe shield, one from ugp

side and one from back side and the shields are stacked on a pallet and are ready to be moved

to warehouse.

3.3.2 Processingthe boards

If in the production are other products than shields, the second step before cleahoaydse

is milling. The both long edges are milledprofile and after that the board is cleaned. From
there it goes on to gluing and under press like shields. The difference is that this time the
laminate is not labelled before the press but after thespfigne board is likewise under press

and is labelled afterwards. The standard worktops in width 600mm are produced in pairs so
after the press the board is cut in half and then both halves are labelled separately. After that
the labels are soaed thesydem gets information that two blanks for worktops are produced.
Both blanks are also pictured from both sides and pictures are uploaded to server.

The blanks are automatically moved by vacuum lifting device to the beginning of next phase
and are piled tstack.From the stack the blanks are lifted to the line. As they are moving on

the line, there would be a scanner that reads from the label what product is produced and the
information is sent to the operator who can then make the right adjustmentspoodihetion

line.

As the blanks get to postforming area, they have one long edge cut clean, but on the other edge
the laminate is over the boaithe first operation in the line is heating up the overlay laminate

to make it possible to bend. The postforgpinadhesi ve i s applied on
the heating | amps heat the | aminate up to 2
cooling rollers in t e mpttheendaithedinedviobatedwazdumt h e
lifters lift the postformed worktop anglace it onrollers, upper side down. That is where
another picture would be taken, this time only from the upper side.
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After postforming operation the details are moved on rollers to the start of next operation,
edgebanding. Thergould be a scanner that reads information from the label. The information

wi || be sent to the edgebanding operatoroés
on the detail thickness. In that line both ends of the worktop are covered simultanatusly

strips of the same laminate as the worktop is. At the end of this line would be another camera
that takes pictures of the worktops ends and a scanner that reads the label. At this point the
product is ready and the information is sent to the main atenpwvhere the factory manager

can see, what has been made, from whom it has been made and whether there were any
interruptions or complications.

The label installation system consists from different paftent applicator, scannerand

stand.

oY

Figure 16. MECTEC F100/12 label installation system

Front applicator MECTEC F100/12 characteristics:

thermal transfer printer (300dpi)
start/stop photosensor

PCU IV (RS232, USB, Ethernet)
print width 108 mm

= =4 4 a4 -

mountingpad 110 mm x 110 mm

Price offer for label installation systemin appendix 2.
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34 Production planning mobile app

To make the production more effective and faster in Plaat B@tathere is in use a mobile
application. This apptation is created specifically for Plaat Detall| taking into
consideration the specificities of the factory and produclitye. application came in use from
15t September 2015 but the developing started at the end of 2014.
The idea of the applicatios:i

1 to get better control anaoverview of the productign

1 keeptime accounting over hours of lahor

1 to see whether the pricing is correct

1 find the bottlenecks of the production
The idea of creating an application seemed the easiest way because everyone is using a
smartphone and it is the most convenient tool for that.
The main measurthat needs to come out of the system is working hours. Previously in Plaat
Detail O | the workes got paid by piecework. The time for different operations was calculated
and the workers got paid for exactly for how many details they had rAadthe company
developed different operations were added, the work got more complicated and it was more
diffi cult to calculate the production times for products. All the workers were then paid monthly
an exact salary. That lead to a situation where 8 hours of work was done but the outcome was
not exactly what was expectdticreated a lack of an overview, whaasymade and where was
the time spent. The productivity was decreased.
From there came the idea to go to hewsk and all the workers needed to write down the
tasks and projects they did. Usually the timesheets were filled after work or even at tfie end o
the week, so the times were not accyrsiealler projects were forgotten to write doandthat
gave wrong information about products oemmce. I was not possible to make price
calculatiors or conclusions about projects profitabilitgsed on thatt also took a lot of time
from workers to fill the papers and extra time for accountants to enter all this data to computer.

From that need was created the application.

3.4.1Situation today and benefits of the application

In Plaat DetailO | is WiFi in the whole factory and all the workers are given smartphones by

the canpany just as a regular working todlhe applicatiorworks on Android5.0 or newer
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operatiomal system and it workjust like another applicatiorevery worker has a user ID and
hasto log in with it before starting to work'he application works only in Plaat Det@il} local

WiFi.

As there formerly were different papers that the workers had to fill in the mobefoge
starting to workand in the evening after work, now it canla done with the application and

the calculation of time is more precise. Also the workers do not have to fill the papers as they
come to work, as they start a new project, when they are working overtime etc. It all can be
done via the application and It ean be seen in the computer by the production manggsn
Figurel7 can be seen exactly all the projects that a worker was dealing with on a specific day.
It is easily seen what time the work had started, what time eardetiow much time used for

each project. Also are correctly marked the waiting tifoepressfi P r e s s, andwaitinige | 0
for the office,i Kont or i oot el O .ctiomanagegck everdgewdbduethep r o d |
work done and how wiee the working hours useBormerly all the iformation was written on

paper with accuracy of 0,5 hours and the producthanager had to type all the information

from papers to computer and then was able to calculate the times used on various projects.

L

Kokku: 07:12:01

rood tegi: v  Kuupdev:
Start End Time Content
1718325P =
Kontori ootel (4
171922SP EA|
171888SP R |
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171832SP CEw
171832SP Zm
Kontori ootel &
171931SP @
171983SP 171940SP EA|
Kontori ootel
171940SP W
171922SP &

Kontori ootel

Figure 17. View from web about workers day, synced with the app

The app is in use by every operation in the factocarpenters, CNC center, sawing center,
edgebanding and packing unit. All the operations have to be added to the application by project
manager. If one is n@idded, the worker will not see that the project is meant for him to work.
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There are also other possibilities for workers to mark
1 waiting for the office
1 having a break
1 on ameeting
1 waiting for warehouse

1 maintenance of equipment

Table 1. Report about time usage for carpenters while not working on a specific project

Report 15.05.2017 Carpenters Projectin
18.05.2017 Sum
Worker 1| Worker 2| Worker 3| Worker 4| (hours)
CNC assistance 0 0 0 1,41 1,41
Edgebanding assistance 0 0 0 0,33 0,33
Waiting for office 11,62 511 7,49 17,18 41,4
Meeting 0 0,68 0,36 0,44 1,48
Waiting for warehouse 0,27 0,57 0 0 0,83
Maintenance of equipment 0 0,97 0 0,63 1,6
Other 0 0 3,36 0,37 3,73
Waiting for press 1,94 2,21 0 0,48 4,84
Waiting for saw 0 0,39 0,19 0 0,68
Carpenter in sum 13,83 9,92 11,4 20,86 68

From table 1 can be seen all the different options the workers can choose between while not
being able to work on a project. It can be seen that during the time periodi 153086 the
mostly used option was fdAwai t istinge pdriodrthere was o f f
not enough work given to the carpenters by the office that they just had to wait for new projects
(waiting for office 41.4 h). The same option is also used while waiting instructions or drawings

or etc from office. This shows theq@uction manageand project managedérectly how much

work is needed for the carpenters.

Options ACNC assi sasasnicsetoa mae @ eadrgee buasnedd nwgh e n
to process that the operator is not able to lift and place the details by himself. Usually is the
help given by the same carpenter that has alrpegpared the details

The main conclusion that cae Imade by this report is that during this time period the factory
was lacking for projects that are meant to be for carpenters. It does not show that at the same
time other operations like saw, CNC and edgebanding could have been under great pressure
and rad plenty of work.

In table 2 are shown all workers in the factory, their possibilities to choose between operations

while not working on a project and time spent on these operatiang table 1 are only
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carpenters and the mairntbhel ecficeowasniwai
edgebanding machinery was in maintenasecdgjohof t he wor ker s had ch
of equipmento for al/l chosen time period.
had chosen ffwfaiidewgbdwmaugsdet lbDey were waitin
time multiple projects were waiting for the edgebanding machinery. This means that these
projects that were waiting for edgebanding machinery were put on pause and new projects were
asked.

Another option that shows out is that Holzma saw was waiting for the warehouse @skeurs
Table 2) This is one of the biggest issues that the production is dealingodisty If the
warehouse cannot bring materials in time for saw, it creates a sedoemll other operations

as wellT edgebanding, CNC, carpentei$at is the reason why digitalizing the warehouse
could have a great impact on other processes.

To compare the two Holzmghifts to one another, can be seen that the second shift has only
been waiting for the warehouse 0.12 h. The second shift comes to work at 15.00, this means the
office will be then open for only two hours and after that the warehouse does not have to deal
with customers and can focus on bringing right materials from warehouse for the night shift.
For that reason the night shift is often more productive than the day shift. Another reason for
being productive is that in the evening there are no other distracnobody is going to

interrupt the work with their rapid problems.
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Table 2. Report about waiting/assisting times by all workers in the factory (hours)

‘ Workers
Report 1158.9055 Workerl| Worker 2| CNC1| CNC2 | Holzmal | Holzma2 Ed%egﬁi?tdmg Ed%esbﬁigdm! P(i)sstl;]oi][tm Pgsst;(i)]{tm Worker 3| Worker 4 (hSouuTs)
CNC assistang 0 0 0,25 0 0 0 0 0 0 0 0 1,41 1,66
Holzma saw
assistanc{ 0 0 0 0 0,3 1,79 0 0 0 0 0 0 2,09
Edgebanding
assistanc{ 0 0 0 0 0 0 0 0,83 0 0 0 0,33 1,16
Waiting for
office| 11,62 511 0 0,28 0 0,35 0 0 1,37 0 7,49 17,18 | 43,4
Meeting 0 0,68 0 0,31 0,08 0 0 0 0,24 0 0,36 0,44 2,11
Waiting for
warehousg 0,27 0,57 0 0 6 0,12 0 0 2,38 0 0 0 9,34
Maintenance o
equipmen] O 0,97 4,72 2,23 2,56 1,21 19,37 23,42 0,52 0 0 0,63 55,63
Other 0 0 0,37 0,2 1,51 0,11 0 0,62 0 0 3,36 0,37 6,54
Postform
assistanc{ 0 0 0 0 0 0 0 0 0 31,28 0 0 31,28
Waiting for pres§y 1,94 2,21 0 0 0 0 0 0 0 0 0 0,48 4,63
Waiting forsaw, O 0,39 0 0 0 0 0 0 0,77 0 0,19 0 1,35
Working
position in sum| 13,83 9,92 5,34 3,02 10,44 3,58 19,37 24,87 5,28 31,28 11,4 20,85 |159,19
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This shows where the bottlenecks are in the productaye theywaiting too long for materials
from the warehouse, does it lack from informatsod projectgyiven by project managers, is

the machinery failing etdsee Figure 18)
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Figure 18. View from smartphone, options to choose whilewotking on a project

The application is connected to MRP/MES program, so all the information inserted in the
application becomes available in computer and vice versa. All the projects in work are added
from the computer to the application, so the prodactimnager and project managers have
reakttime online overview of how one or another project is going and how much time has been
spent with different operationslhat way project managers can give customers precise
information of their products estimatedidery time.

It works also the other way around. In the MRP program the project managers add estimated
work time for every project for every worker. So if there are any issues with the project and the
estimated work hours are crossed it can be seen fremvéb and then later be discussed with

the worker.
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It happens quite often that multiple projects are simultaneously in work by carpenters.
© = .. 9%%009:34
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Figure 19. View from smartphone for choosing new project

So if they have to go to thearehouse to get the materials for another project, they can just
pause in the application one project and start working with the (geerFigure 19)As well

they can see how much of the estimated time they have used and what they need to do to stay
within thetime.

This gives to project managers and process manager precise information about the project
were the times calculated correctly, is there enough time for the worker, are there been any
complications in the production. All that information gained works for the future and helps to
make more accurate bidding®e if the project was lucrativegsghether the prices need to be
raisedto stay competive with other manufacturers.

The application works really well with projects where only a specific service is offered, for
example edgebanding or CNperations. Sometimes it can be difficult to cédte at the
beginning the time for these operations. The information given is that it is needed to process
200 details, but the level of complexity is not specified and therefore there is a great possibility
to price the projeawvrongly, overpricing or lav-pricing.

With these projects is an agreement made with the customer that we can give them the price
after the work is done. Of course it could be also done with paper and pencil and the worker
marks all the hours spent on a paper, but it would be more complichgedtiae project lasts
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for days and it is needed to process other projects in between. In the application is possible to
pause and start the project over and over a@a@ Figure 20and the final time spent would

be more accurate and the worker doesrnesd to look for the papers where the hours are
marked.
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Figure 20. View from smartphone about projects in work

3.4.2Disadvantages of application

This application still has some problems. The first and probably the biggest problem is the Wifi
connection. If there are some interruptions or theFiMdioes not work properly, so will not the
application. This means no information is given to the systedhthe workers cannot start or

end projects in the app. So it happens that the information finally running in the computer is not
true and needs to be manually checked and fixed. As well it confuses employees, whether to
work on without registering to thepp or reporting the problem and waiting for the solution.

The other issue is that many projects are connected with different users. If the project is finished
by edgebanding it goes on to CNC machinery. If the edgebanding operator accidentally marks
in the app that project finished, it will be not visible anymore for other workers who are also
connected with it. To make the project again visible for other users, the status of the project has

to be marked to work in the computer. It means that the whid®to come from one end of
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the factory to the other and tell project managers that he cannot start this project in the app and
it can be fixed. This again takes time and ruins the fluent production.

One of the issues with the application is the sameishaith most of new things. There are
always workers who doubt the benefits of it and are stuck with their habits. That mostly is the
problem with older workers who are not so used to with modern technology and would prefer
to work still same way as thelyd 30 years ago, paper and pencil. Many workers feel that with
this application they are too controlled and every move they make is visible and can come under
debate.

Taking into consideration the feedback from the production workers it is true toagatyith

worked out rather to help office workers and accounting, to get more information of the
production. This helps to make better decisions and plan the production. It is vital to know the
capacity of the factory and make corrections based on thenafion obtained.

The investment into this project was almost doubled during the development phase because of
the complexity and details of the manufacturifige projecis meant to have a 5 years payback
period. At this moment it has been running for edintwo years. The first year was mainly
deploying phase and therefore it is too soon to make thorough conclusions about the

profitability but the data gained is analyzed daily by process manager.
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Concl usi ons

As said also by Estonian ministers, the next step for manufacturers needs to be the digitalisation
of production on irplementing Industry 4.0. The manufacturers etpectedo develop new
ways t o answer c uskfastmdelivedyspersonabapprodah,misibility ef the
production. For thapurposecompanies need to update their IT services and lmitaguse
different software that helps to manage production and brings all different prodstegsnto

one system. Production needs to be controlled intireal to be able to react to last minute
changes.

To meettheserequirementEompanies are bringingto use production robots that can make
simple tasks, like moving products, drillirmnd assembling, more effectilyethan human
workers.

Another big step for companies would be creating an automated warehouse to make the
movement of raw materials from warefse to production, from warehouse to clients and
within warehouse faster. The companies need to get better overview of their inventory so the
space would not be wasted for materials that are no longer priority for production and lessen
the money just wéing in the warehousd@he thess looks for solutions for making the work
more fluent in Plaat Detail O] warehouse.
A closer lookwas takeron the developments already manlé’laat DetailO | andwhatsteps

are planned in the near futuRdaatDetail O | is usng a mobile application that gives reahe
information for process manager and project manadéis. helps project managers to give
updated information to customers regarding their orders and delivery times. The reason for the
application came fronthe uncertaintiesn the production, there was no correct information
about the work times and what were the workers doing during their 8 hours shift. Today the
application gives precise time for all different projects @nslhas helped the company twlo

over the pricing of project3.his has been an investment that today cagebbe measured in

profit, but it has given a much better overview of the production and bottleneck in production.
A surveythat was carried oudmong Estonian furniture compas about the situation with
production digitalisation was notery successful taking into consideration the amount of
answersOnly 20 answerswvere received buvas expected at least 50 answ8ased on these
answers a conclusion can be made thday Estonianfurniture industrycompanies are not

very enthusiastic about Industry 4.0, many have not heard about the phrase. Most of them still

think that they need to develop theirg€rvices and connect different system with one another.
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Abstract

Production digitalization in furniture industry companies is going to be an important part of
manufacturing development in future years. Due to complexity and var@ttiorders it is

difficult to implement it in furniture industry.

The aimof the thesigs to getbetter understanding about the situation in Estonian furniture
industryanda survey was conducted among companies. Based on the answers received may
concludethat Estonian companies have not yet started with Industry 4.0. This needs great
investments, big changes in the production and companies must educate their workers. Many
companies are at the moment not sure of the profitability.

Manufacturing companieserd to find ways to connect different parts of production with one
another using new MRP and ERP software. Companies need to get better overview of
production and find new solutions to decrease the cost and delivery time of their products to
competitive orthe market.

The thesis focused on digitalisation of Pl &
are the next steps.

I n Pl aat Det ai | O! i s i n u stime data aboub sitblagon a p p |
regarding different projects work time, worker, estimated work time, delivery. This gives
process manager chance to organize and plan the work better. It also shows the bottlenecks of
the production, where is the time spent and on which aspects of the production planning needs
to be moredcused.

Based on that information the next step in
war ehouse. The warehouse is one of the bot
looking for materials is too high and that prevents thekwadrsawcentre and therefore other
operations in successidpart of the thesis is looking for ways of making the work more fluent

in the warehouse, what technologies could be used and what are the benefits of the

digitalisation.
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Appendi x 1

Projekti prognoositav eelarve

Projekti eelarve on hetkel veel esialgne ja tapsustub t66 kdigus

Selgitus Maht Summa
Litsentsid ja tugileping
Laomees/Ladu2( litsentsileping (litsents+tugi) 3..6 kasutajat 224 EUR/kuu

(hmnakari: hitp //www kma ee/ladu20/ladu? 0-hinnakiry/

Vajaduste kaardistus (teostatakse jooksvalt vastavalt juurutatavale 151gule) 10.20h 750..1500

Laomees iildise siisteemi esialgne seadistamine ja ettevalmistus vastavalt 24h 1800
Plaat Detaili vajadustele

Laomees kliendispetsufilised aerendused wastavalt Plaat Detaili Oh ]
vajadustele

Kasutajate koolitus ja esmane juhendamine 10h 750
SAFiga andmeintegratsioonid 40._80h 3000...6000

- Klientide import

- Kaubabaasi import

- Sissetulekute import

- Muigitellimuste import

- Tootmistellimsute import

- Mahakandmiste export

- Viljastuste export

- Laolikumiskorralduste import
- Laolikumiskannete exprort

Projektijuhtimine  (suhtlemine,  juhendamine, konsultatsioonid
kooskélastamine, ) 20 %

KOKKU ESIALGSELT PROGNOOSITAVATE JUURUTUSTE 110...160 8250...
MAHT h 12000 EUR
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Seadmed

iData 95W inata 95w on disaintud toéks kamnis keskkonnas.

F jap
K b eakd

iData 95W vastab IP65standardile

ist kuni 1.5 m korguselt betoonporandale

Lubatud tootemperatuur -10 © C kuni 60 ° C
hitp:/lwww.kma.ee/product/idata-95w/

660 EUR
Koos tahvelarvutiga soovitame kasutada bluetooth
laoskannerit. Koos jojo ja silikonkestaga on se viga
mugav lahendus.
220 EUR
Laiatarbe toodetest kdige paremini laotédks sobiv
8" tahvelarvuti!
Miitigikomplekti kuulub lisaks tahvelarvutile ka
tugevdatud korpus. 400...600
EUR

Kaigile mainitud hindadele lisandub kaibemaks!
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Appendi X

q strong Point Manniku tee 104, 11216 Tallinn
Tel 650 4200, faks 650 4201

e-mail: info.ee@new-vision.com

http://www.strongpoint.ee

STRONGPOINT A S

KELLELE:  Plaat Detail OU karmo @ plaatdetail.ee
Karmo Lomp
KELLELT:  StrongPoint AS KUUPAEV: 2.3.2017
Tarvo Noulik
HINNAPAKKUMINE

MECTEC F-100 etiketipaigaldussiisteem

MECTEC - F100/12 — front applicator

thermal transfer printer (300dpi)

trikilaius 108mm

max etiketirulli valislabimaéot 340mm, siidamik 76mm
paigalduspadi 110mm x 110mm

non-stick paigalduspadi

paigaldushoob 180mm voi 300mm

start/stop fotosensor

PCU IV (RS232, USB, Ethernet)

MECTEC - scanner

e Datalogic DS2100N-1200 std. linear laser

MECTEC - stand

« porandakinnitus printerile ja kontrollerile
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Nimetus Hind Kogus Summa
MECTEC — F100/12 — front applicator 12 693,00 2 25 386,00
MECTEC - scanner 1 653,00 2 3 306,00
MECTEC - stand 1.283,00 2 2 586,00
MECWIN tarkvara 400,00 1 400,00
Kokku 31 678,00

MARKUSED:

+ Hindadele lisandub kédibemaks 20%

+ Maksetingimused vastavalt kokkuleppele

+ Garantii 12 kuud

+ Pakkumine kehtib 30 paeva

+ Tarneaeg: 4-5 nadalat
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Appendi x 3

Survey on manufacturing digitalisation in Estonian furniture companies

o k~ 0N PF

T
T
T
T

Size of the company, number of employees (written answer)

Size of the company, numbereamhployees in produicin (written answer)
Approximate market share in domestic market % (written answer)
Approximate market share in export % (written answer)

Where does the company get information about production digitalisation?

Buy in the consultation

Have our own workgrougnow-how

Company is not planning to digitalise their manufacturing
Other

6. Which IT services are in use for everyday work?

T
T
T
T
T

T

Material accounting
Warehouse systems
Work time accounting
Planning
Management

Other

7. What does the phrase Industry 4.0 say to You?

T

T
T
T
T

Have not heard

Know exactly

Have heard and led on course
Have heardbut know superficially

Have heardbut have not concentrated on it

8. Has there been implemented any Industry 4.0 projects in the production?

T
T
T
T

T

Have implemented

Have not implemented

Are planning to implement in nearest future
Do not see the investmentrigiting

Are planning to implement in longer future

9. Which client oriented-services are in use?
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1 Placing orders/pricefferings via Internet (exceptraail)
1 Ordering products from compasiestore
1 Ordering via public etore
1 Notis use
10.1f any, which developments are you looking for in the next 5 years time?
Written answer

11.Companyname (respond voluntary)
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