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Introduction

Actuality of theme. Welfare of industrial companies is rather essgatspect of whole state's
economics, for economical status of the state ddipgron number of companies and quantity per
state can be depending and impacted of one of tbaspanies as well. All the times biggest
industrial companies used to generate biggest dinhflows and profits. In these times of global
competition ant market became more important as tevieeep high competence level of industrial
companies. Constant hazard of overtake of produdtmm such countries as India and China and
as planned Africa in near future forces to improwan activity and improve company's indicators
by reaching benefit in all meanings — as well maficial, increase of product's quality and creation
of value added. | will research industrial companieorking in metal manufacturing and waste
reproduction areas in my work. | have chosen ttea as prospective and improvement needed, for
Lithuania has been well known for long time as picers of very qualified products and these
traditions has been left till today as well as kfexge. Furthermore, number of companies
specification of these is welding of steel condinms, cutting on steel plate, sector of mechanical
manufacturing has became more interesting for amajyand offer of improvements in Lithuania,
for in mentioned sector rather meaning number ofiganies is acting being prospective, but they
are to improve their activity, especially, increadeefficiency of production for becoming more
competitive.

Problem. Situation of Lithuanian industrial companies spgog in metal manufacturing area
is unique. Majority of companies manufacturing protd of rather narrow spectrum that are unique
mostly and adjustable to each client's individwaldies. At the same time, companies have part of
devices that are being manufactured without bigngka. For this difficulties in production
organization rise, for universal models of prodoctorganization can not be adopted that would be
appropriate for mass or solely and orderable priboluc We need individual way of solution
matching metal manufacturing, welding sector payatigntion on specifics of such companies,
specific of Lithuanian market and various othereasg of production organization.

Hypothesis. Increase of efficiency of production has big impan results of industrial
companies’ activity and saving of their resultshia times of global market.

Researches on themeProblems of manufacturing organizing have been éxainby many
Lithuanian and foreign scientists: A. Sakalauskasyanagas, B. Martinkus, P. Hines, J, Womack,
N. Rich, M. Rother and others. Although no one phessented simplified model of production
control to the leaders of the company, which wdugdimbibed easily. Also divided by steps and

necessary Lean tools offered for each step. Thesganies face with problems because their
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manufacturing is mixed, for this reason adaptabbmany typical control models of production is
complicated.

Object of the research.Object of the terminal task — is an efficiency mmanufacturing
development plan / model which can fit to group tbé companies which are working in
metalwork, welding sphere, which size is medium avtdch manufacturing unitary or serial
products.

Aim. Aim of the terminal task — to prepare improvememidel of manufacturing, when
theoretical

Researches of manufacturing organizing are donéhwis applied to industry companies,
which are working in metalwork, welding sector dod those companies which are using mixed
manufacturing: mass with unitary.

Tasks.Main goals of the terminal task are:

o To make an analysis of theoretical — methodicatrditure of manufacturing

organizing and control topic.

o To make an analysis of theoretical aspects of nzatufing improvement models.

o To make researches of metalwork and welding seleeelopment tendencies.

o To make researches of manufacturing improvemerdgsses in the companies.

o To prepare manufacturing improvement model this lmampplied to metalwork and

welding sector.

Conception and methods of the researchlo establish the importance of manufacturing
improvement to industry companies, analysis of rdtfie literature will be made. To establish
tendencies and group size of group industry conggamwitch we examine, data of Lithuanian
statistical department will be used. To choose aehof manufacturing efficiency development
questioning will be made in separate a companychviiepresents different profile activities.
Questioning will be in use by questionnaire. Aisterview will be used questioning personnel
which are mostly connected with manufacturing. Talgze the results of research, comparative
model and correlate analysis will be used.

Review of task structure The terminal task consists of three pahtsthe theoretical part
analysis of theoretical manufacturing organizing delo and conception is carrying out.
Investigating different manufacturing organizingests.

In the analytic part empirical researches of thdustry companies is carrying out.
Carrying out manufacturing improvement models ieceassities and defects and adaptation
methods in group of industry companies which wengra. Also questioning using questionnaire

and interview is in use, forthcoming results aredufor analysis.
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1. Problem Definition, importance and relevance ofhe Lithuanian industrial
companies

Manufacturing - the economy has always been ardyitforce. Europe has a long tradition of
manufacturing industry and has always known aritlkstown for its products around the world
creating high-quality, reliable and innovative pwotl image. As the Lithuanian manufacturing
future - it is difficult to imagine it as positivélost production is carried out through the old rlsd
of governance, not the ever-fiercer competitiom, little investment in development. In order to
quickly respond to global changes, which may noensenore distant, but one day they may
become insurmountable, must be flexible, innovatwedern.

Operation of industrial development is an importeointry-wide as the industry, as in every
country, and in Lithuania, a considerable parthef @¢conomy. Industries employ many people and
it generates by far the largest cash flows.

However, to improve the whole industry is an insoumtable task. As a result, their study
concentrated on one industry sector - metal praogssid metal welding. This made having regard
to the organization of production planning modésrrent production is coming towards it, may
not be available to companies that produce comgigteniform products en masse. The market
requires constant changes and rapid adaptationvadvieg market conditions. As a result,
companies are increasingly starting to produce lrithyway - ie Y. of products which were
produced in the past. the mass-produced, but aeasimg number of products which require an
individual set of decisions. Metal processing aretahwelding sector companies operating in the
most mixed and used in the production managemedemo

Underlining the relevance of my work can be sadt this industry has a major impact on the
whole viability of the industry in Lithuania. Deparent of Statistics, which will be submitted to the
3rd paragraph, the number of operators workindnig $ector in the beginning of 258 companies in
the content business production contribution tottital industrial added value is very important
considering the fact that these enterprises pratipogduct is smart and new technology. However,
as can be seen from the statistics, ability to atmpn the internal market, as well as foreign
markets have remained unchanged for more thanra Beaause the market never does not stand
still, and while there are more competitors in thiure may be difficult to compete with newly
created companies adjust innovative managementoagahizational techniques. What is more
noticeable drop in demand in all markets, the doanawtrend, reflecting increasing industrial

competitiveness, worsening all levels.
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As shown, metal processing and metal welding sexdarbe sufficiently strongly associated
with the entire industry can make a significant aopon the further development of Lithuanian
industry. Because if the poor level of productidficeency, will suffer all the firms' production
efficiency: costs will rise, leads to longer protiao cycle, the readjustment of the timing of new
products as well as long, who will not allow a flde response to market changes. All of this may
also affect the quality of the products, which éywimportant to the company.

With low production efficiency of firms is powerke$o compete in both domestic and foreign
markets. All of these can significantly affect thetal industry performance, which is not
experiencing the best times, metal processing aetalmvelding sector is regarded as a highly
innovative and technologically innovative. And onlyith the same or similar products can
successfully compete.

However, if the sector's competitiveness is low datlling, and the whole industry's
competitiveness.

Thus, the apparent absence of immediate action rtbvimproving the organization of
production can result in a chain reaction, gives tiegative impact on the Lithuanian industry,

which is a promoted actions given the current sibna

Poor organization of production

Low production efficiency

1 8

Deteriorating business
competitiveness

X

Deteriorating results of the whole
sector

1

Deteriorating results of the whole
industry

Fig. 1 The Problem Tree
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2. Production efficiency improvement in industry tems the theoretical studies

2. 1 Conception analysis and classification of the indiisal company

Company is characterized as a solid system in twet @f organizing and economic view.
However these characteristics not always come ®datday the company is often diversified
(manufacturing heterogeneous production which reguiifferent technologies), it can have units
as in other cities, as in foreign countries, whoften works very independently. For this reason the
company is business entity which has a name, amnchvig founded by established order to do one
or another commercial activity. Economic resultghe activity are reached by optimal organizing
the interaction between work objects (raw matestiaff, material stuff), means of work (buildings,
constructions), and work subjects (workers, empmsye Now the human factor is much
emphasized, there is no doubt that social aspeetad less important than material aspects, and
often exactly they determine the economic results.

Similar companies can be grouped by one or feveraons. In the clear type of companies
organizing and economical problems are solved easieis possible solutions like typical
techniques, technological, manufacturing, work argag and financing solutions. According to
purpose of produced product, administrative sulbatibn, concentrating, specialization level and
S0, every company we can ascribe to some group.

In my task i will comprehensively examine industgmpanies of the specific branches. In the
companies of that type produced products are predeilo customer by the company itself or
through the service companies. Service companiesoti@roduce products by themselves. They

serve customers in different spheres.
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table. 1 The industry classification of the variauieria

Criterion Enterprise Groups
Work character Manufacturing companies
Individual (personal), partnership, stock compayj@s
Legal Type stock companies,
Use raw materials Mining industries companies, manufacturing comesni
Finished production Raw material for manufacturing products, used fat e
purpose customers.
Mechanical engineering, furniture, food and light
Technological industries.
Size Small, medium and large enterprises
Level of Specialization Technological, goods, details specialization
Independent enterprises included in a group, ctiasor
Independently associations, and other compounds.

Very often to ascribe a company to concrete typmmossible, exception — juridical type, which
is registered de jure. Companies of nowadays ysdalinot restrict themselves on producing one tyfpe
product, its activity is diversified — they do theterogeneous manufacturing, trading, sometimes wit
services. Units of the diversified companies ugualle specialized to manufacturing some kind of
production, and they can be ascribed to some tf/peropanies.

To ascribe company to small or medium is hard.e@ah by number of workers — till 100
workers fits only then when technological leveltire company is low. At the same time automated,
producing specialized production company is notlseven if there works less then 100 workers.

In my task | have chosen these industry companieshavere listed in the qualification group by
the Ministry of agriculture — manufacturing mactsngnd mechanisms [1]. These companies produces
products like packing lines, sorting lines, teclugital lines of paper manufacturing, mechanisms for
agriculture techniques, products for train industng so on.

In Lithuania working many companies, like: Arginta", "VAE Legetecha”, "Vienyw,

"Lietemas", "Karbonas", "Aldeva", "Utenos krosni¥Kauno stakles", "Vingriai" etc.
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Machinery and equipment industry structure

M Machinery and equipment
production

15,50%

M Electrotechnics

m Other

W vehicles
13,50%

M [nstruments

M Electronics

H

6,80% 13,50%

W Metal ware

Fig. 2 Machinery and equipment industry structure

In its final paper will consider the medium-sizeatexprises, which are distinguished by their
product manufacturing phases. Which is the mostilaopnetal and welding plants. Since most of
these profiles, companies face the same probleanmsaysroduction efficiency model is designed to
help solve quite a number of problems resultingnftbe company. This model is most tics to those

firms which meet the criteria in the matrix marked.
Companies classified under:

e firm size;
+ work and direction of movement of raw materials.

VAT structure

Company size
small  medium big

Fig. 3 Companies classification matrix
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As can be seen from the matrix, the most improvenoérproduction efficiency model is
suitable for medium-sized enterprises, which blotks movement of raw materials and the
direction is a shape.

It is also possible to use large companies that ABve blocks of raw materials and the

movement direction of a form.
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2.2 Metal processing companies specific lineamemnté requirements

Investigating companies of that type and produleey tmanufacturing, we can say that those
companies, except standard demands of good maundfectand other demands, also some other
specific demands is valid.

Since people work in such an important sphere asufaaturing of mechanisms, projection of
mechanisms, welding of important structures, algh wtandard demands as quality management
and so on, it needs that products for which spedfmands are adjusted would satisfy the
requirements of established standards. Also tleeepplied an exceptional verification of finished
production for manufacturing also material track@biSpecial attention is to quality of welding
hems, quality of metal material, because produasufacturingd by company, are used in the
enlarged risk mechanisms. Like high-speed elettiins, hull of the high voltage transformer.

Also with all technical demands, observing standaadidit of the customers is performed every
year. Only when audit confirms that company workscoading definite demands, can
manufacturing the production, which is realizedabgustomer. Special demands for quality are in
the markets of Finland and Switzerland.

Also in every country there is a supervisory orgation which is responsible for observation of
standards of welding hems, safety of mechanismshadrvation. In Europe EuropeBederation
for welding is established

So manufacturing of products in this kind of branishcontrolled strongly enough. For the
company which wants to manufacturing and sell, agecelucidate all demands and observe them.
In another case company can make damage to its mdmeé is very important in that kind of
market.

Systematizing specifically demands for machines sewtor of mechanism manufacturing, it is
necessary and other part is desirable for seekirnpinpete in this market, it can be affirmed that
that characteristic for this sector is:

Observation of good manufacturing practice.
BS EN ISO 9000 or higher quality management sysenes appliance.
Periodical implementation of international audit.

A

Specific standards:

e DIN EN ISO 3834-2:2006 (requirement on quality telavng)

e DIN 18800-7:2006-09 (steel structures);

e LVS ENV 1090-1:2005 - (production of metal constroigs, towers, masts and metal
containers)

e DIN 18800-7:2002-09 - International welding worlstdicate
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e and others specific standards.

Apart from the generic requirements needed to ebsspecific requirements, standards for a
specific product or equipment.

The key standards to be followed in selling the mBbarket is related to the CE marking icon,
which indicates that the product observe all thguiements of the European Union. In order to
affix the CE mark badge, that he must comply withckinery Directive 98/37 EC.

19



2.3. Theoretical aspects of the production efficiay raising
2.3.1 Main conception

Manufacturingis the use of machines, tools and labor to makeshfor use or sale. The term

may refer to a range of human activity, from haraficto high tech, but is most commonly applied
to industrial production, in which raw materialse @aransformed into finished goods on a large
scale.

Economic efficiencyis used to refer to a number of related concejptsystem can be called

economically efficient if:
No one can be made better off without making soraedse worse off.
More output cannot be obtained without increasirgamount of inputs.
Production proceeds at the lowest possible peramsit.

Manufacturing efficiencycan be measured in any number of different waysn fthe time it

takes to complete a given task to the number &f st@mbers needed to facilitate the production of
a particular item. The most common measure for ri@twring efficiency, however, comes down
to the amount of money a company has made at teoknhe day. All other procedures for
increasing efficiency funnel into the fulfillment this central goal.

Industry is the manufacturing of a good or service withisagegory. Although industry is a
broad term for any kind of economic production,etonomics and urban planning industry is a
synonym for the secondary sector, which is a typeeconomic activity, involved in the
manufacturing of raw materials into goods and potsiu

Companyis a form of business organization. The precigaiien varies: in the United States,
a company is a corporation—or, less commonly, ao@ation, partnership, or union—that carries
on an industrial enterprise. Generally, a compamy e a "corporation, partnership, association,
joint-stock company, trust, fund, or organized grad persons, whether incorporated or not, and
(in an official capacity) any receiver, trusteeoenkruptcy, or similar official, or liquidating agge
for any of the foregoing.” In English law, and thkre in the Commonwealth realms, a company is
a form of body corporate or corporation, generedigistered under the Companies Acts or similar
legislation. It does not include a partnershiprmy ather unincorporated group of persons.

Industrial companys company is which manufacturing is dominant.
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2.3.2 Lean manufacturing

Lean manufacturing is a business model that empem®Iliminating waste while delivering
quality 41products at the least cost to the manufac and customers. In the U.S., lean
implementation began in the 1980's in the autoreadivd aerospace sectors. Today, lean initiatives

are spreading rapidly in numerous manufacturingsamdice sectors.
Lean thinking focuses on three objectives:

« Reducing production resource requirements by miimgi inventory, equipment, storage
and production space, and materials;

« Increasing manufacturing velocity and flexibilignd

 Improving quality and eliminate defects.

Lean methods createcantinual improvement-based, waste elimination culture that involves
workers at all levels of the organization. There arvariety of common lean methods, including
Kaizen (Japanese for improvement) rapid improvenseents, just-in-time manufacturing, value
stream mapping, total productive maintenance, legllproduction (or synchronous, single-piece

flow manufacturing), and Six Sigma.

2.3.3 KaizenRapid Process

Kaizen, or rapid improvement processes, often is consitlén be the "building block" of all
lean production method¥Kaizen focuses on eliminating waste, improving produtyiviand

achieving sustained continual improvement in tageictivities and processes of an organization.

Lean production is founded on the idedkailzen — or continual improvement. This philosophy
implies that small, incremental changes routinglgli?d and sustained over a long period result in
significant improvements. THeizen strategy aims to involve workers from multiple étions and
levels in the organization in working together tlllgess a problem or improve a process. The team
uses analytical techniques, such as value stregmpintaand "the 5 whys", to identify opportunities
quickly to eliminate waste in a targeted procesproduction area. The team works to implement
chosen improvements rapidly (often within 72 hoofsinitiating the kaizen event), typically

focusing on solutions that do not involve largeidmputlays.

Periodic follow-up events aim to ensure that therismements from théaizen "blitz" are
sustained over timé&aizen can be used as an analytical method for implemegrstveral other lean

methods, including conversions to cellular manuwfact and just-in-time production systems.
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Rapid continual improvement processes typicallyjuiegan organization to foster a culture
where employees are empowered to identify and qmieklems. Most organizations implementing
kaizen-type improvement processes have established nmethad ground rules that are well
communicated in the organization and reinforcedouph training. The basic steps for
implementing akaizen "event" are outlined below, although organizatidpgically adapt and

sequence these activities to work effectively mirtlunique circumstances.

Phase 1: Planning and Preparation. The first challenge is to identify an appropritagget area
for a rapid improvement event. Such areas migHude areas with substantial work-in-progress;
an administrative process or production area wkapeificant bottlenecks or delays occur; areas
where everything is a "mess" and/or quality or @enfance does not meet customer expectations;

and/or areas that have significant market or firnmpact (i.e., the most "value added" activities

Once a suitable production process, administrginaeess, or area in a factory is selected, a
more specific "waste elimination" problem withinatharea is chosen for the focus of Kaezen
event ( i.e., the specific problem that needs impneent, such as lead time reduction, quality
improvement, or production yield improvement). Ortbe problem area is chosen, managers
typically assemble a cross-functional team of erygds.

It is important for teams to involve workers frommettargeted administrative or production
process area, although individuals with "fresh pectves” may sometimes supplement the team.
Team members should all be familiar with the orgation's rapid improvement process or receive
training on it prior to the "event". Kaizen evemi® generally organized to last between one day
and seven days, depending on the scale of thetedrgeocess and problem. Team members are
expected to shed most of their operational respditigs during this period, so that they can focus

on thekaizen event.

Phase 2: Implementation. The team first works to develop a clear understandf the "current
state" of the targeted process so that all teambreesrhave a similar understanding of the problem
they are working to solve. Two techniques are comignaised to define the current state and

identify manufacturing wastes:

During thekaizen event, it is typically necessary to collect infation on the targeted process,
such as measurements of overall product qualitsgpscate and source of scrap; a routing of
products; total product distance traveled; totalasg feet occupied by necessary equipment;
number and frequency of changeovers; source ofebettks; amount of work-in-progress; and
amount of staffing for specific tasks. Team memlsees assigned specific roles for research and
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analysis. As more information is gathered, team bwmadd detail to value stream maps of the

process and conduct time studies of relevant opesafe.g., takt time, lead-time).

Once data is gathered, it is analyzed and assdsséidd areas for improvement. Team
members identify and record all observed wasteasking what the goal of the process is and
whether each step or element adds value towardsngékis goal. Once waste, or non-value added
activity, is identified and measured, team memlbiees brainstorm improvement options. Ideas are
often tested on the shop floor or in process "mag&:. Ideas deemed most promising are selected
and implemented. To fully realize the benefits luf kaizen event, team members should observe
and record new cycle times, and calculate ovesadingls from eliminated waste, operator motion,

part conveyance, square footage utilized, and ginput time.

Phase 3: Follow-up. A key part of aaizen event is the follow-up activity that aims to eresur
that improvements are sustained, and not just tesmpo~ollowing thekaizen event, team members
routinely track key performance measures (i.e.,ricgtto document the improvement gains.
Metrics often include lead and cycle times, proaksfect rates, movement required, square footage
utilized, although the metrics vary when the taeggbrocess is an administrative process. Follow-
up events are sometimes scheduled at 30 and 90faléysing the initial kaizen event to assess
performance and identify follow-up modificationsathmay be necessary to sustain the
improvements. As part of this follow-up, personmefolved in the targeted process are tapped for
feedback and suggestions. As discussed under then&Bod, visual feedback on process
performance are often logged on scoreboards thatisible to all employees.
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2.4 Manufacturing types classification and analysis

Depending on the volume of production is distingais in three types: job, batch (small scale,
medium and large series) and the mass product@n $@&me writers even as the type of production
flow production, which is usually juxtaposed wittass production, but has its own specifics.

Company or any of its dependence on the structumél of a certain type of production
determines the whole complex of technical, orgdmmral and economic characteristics:
specialization in the manufacture, production, paichomenclature and its permanence, the nature
of the equipment, process specification, qualifaraiof workers and others. One of the ways the
company or its individual structural unit is thendloant type of job specialization coefficiengsk
calculated by the following formula:

mdo

de = (1)

ndv
Here: my, - total unit is carried out in detail the numbéoperations; i, - general

structural unit of the number of jobs.

Production of various types are characterized bysjgecialization factors: mass production: 1-
3, high batch: 4-10, batch: 11-20, the productibsroall scale - in the 20 domestic production in
the workplace for certain operations not specidlifeere the same transaction or recurs, if repeated
it is occasionally accidental.

It is understood that the various companies shaps ldars may have a different job
specialization ratios, and hence the productiodiféérent types. Then the whole of the general type
of production is determined by the predominant potidn of the main job specialization
coefficient [21].

2.4.1 Mass production

Mass production (also called flow production, répet flow production, series production, or
serial production) is the production of large amsuof standardized products, including and
especially on assembly lines. The concepts of rpasduction are applied to various kinds of
products, from fluids and particulates handled utkk(such as food, fuel, chemicals, and mined
minerals) to discrete solid parts (such as fasgrerassemblies of such parts (such as householc
appliances and automobiles). Mass production adrabBes typically uses electric-motor-powered
moving tracks or conveyor belts to move partialpmplete products to workers, who perform
simple repetitive tasks. It improves on earliermhigroughput, continuous-flow mass production
made possible by the steam engine [17].
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Mass production is capital intensive and energgnsive, as it uses a high proportion of
machinery and energy in relation to workers. ltaiso usually automated to the highest extent
possible. With fewer labor costs and a faster edtproduction, capital and energy are increased
while total expenditure per unit of product is dsged. However, the machinery that is needed to
set up a mass production line (such as robots awhime presses) is so expensive that there mus

be some assurance that the product is to be sfalctesattain profits.

One of the descriptions of mass production is thatcraftsmanship is in the workbench itself,
not the training of the worker; for example, rathlean having a skilled worker measure every
dimension of each part of the product against taegpor the other parts as it is being formed,ether
are jigs and gauge blocks that are ready at haeddore that the part is made to fit this set-up. |
has already been checked that the finished parbwito specifications to fit all the other finishe
parts - and it will be made more quickly, with mmé spent on finishing the parts to fit one anather
This is the specialized capital required for massipction; each workbench is different and each
set of tools at each workbench limited to thoseeesary to make one part. As each of these parts is
uniformly and consistently constructed, interchailety of components is thus another hallmark
of mass produced goods.[18]

Advantages and disadvantages

The economies of mass production come from sev&wvalces. The primary cause is a
reduction of nonproductive effort of all types.draft production, the craftsman must bustle about a
shop, getting parts and assembling them. He moatdaand use many tools many times for varying
tasks. In mass production, each worker repeatoopraefew related tasks that use the same tool to
perform identical or near-identical operations ostraam of products. The exact tool and parts are
always at hand, having been moved down the assdmblgonsecutively. The worker spends little
or no time retrieving and/or preparing materiald &ools, and so the time taken to manufacture a
product using mass production is shorter than wisémg traditional methods.

The probability of human error and variation isoalsduced, as tasks are predominantly carried
out by machinery. A reduction in labour costs, &l &s an increased rate of production, enables a
company to produce a larger quantity of one pro@dtia lower cost than using traditional, non-
linear methods.

However, mass production is inflexible becauses idifficult to alter a design or production
process after a production line is implementedoA#l products produced on one production line
will be identical or very similar, and introducingriety to satisfy individual tastes is not easy.
However, some variety can be achieved by applyifigrdnt finishes and decorations at the end of

the production line if necessary[17].
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2.4.2 Unit production

Unit production company produced many differenetypf products, each name of the product
output low. These same products a year, does peat®r repeats periodically [20].

Most are produced unique products: the turbindhauunique machines. Local production
models also fit the experimental introduction oivngroducts. This multi-use equipment, requires a
lot of skilled labor.

Unit production is also associated with a uniquandardized goods that are produced in
response to orders production. Unlike the produactlesign, the products are low and production
unit of production companies (like custom-madessoit sailboards). Unit production company is
broken down by process. Consequently, the equipperibrming the same or similar operations
are grouped together and the product moves from jolbeto another. Versatile equipment is
combined with highly skilled, flexible workforce.nit production cost producers managed reserve
holdings, because they do not have stocks of fuighroducts, but they face other problems. Short
periods of production constantly increases produactiosts. Specialized equipment will probably
not be fully used and the delays between the dpgraanges will mean that the total production
time will be longer than the processing time.

Lithuanian industrial production unit was formedldaing the spread of assumptions [22]:

* large-scale, specialized industrial division of frevatization process into smaller and
rapid new formation of small private companies;

» East markets, loss and lack of rapid deploymettitenwWest;

* reduction of the internal market;

* lack of capital and high cost of new specializedigapent;

 In addition, there are activities where the indiatl - the unit production is the
dominant type of production. This special produttiools, manufacturing, construction and

special vehicle production.

The production unit cannot be attributed only te #imple production, it is often difficult to
manufacture than only under special projects, usaglyanced techniques and technology.
Unfortunately, in Lithuania in the field of smallifinesses.

Lithuania, the reduction in demand for many typeproducts, definition now goes instability
and lack of capital, a significant increase in umibduction companies, rapidly responsive to
changes in demand, especially in metalworkingpttoeluction of simple products, with production
up is simple and does not require much time.

The unit is characterized by high production of ofantured goods nomenclature and a few
names of products and long-term planned changeodiugtion [20].

26



Thus, production unit is characterized by high techl preparation of production work volume
since starting on the production of each produdiganore or less preparation. This is a significant
increase in small quantities of products manufactyy the cost, but makes the specific needs of
customers to pay for them accordingly.

Unit of production basis are usually online. Theref the production unit is characterized by
supply, production planning and organization ofepsg sales of the individual [22].

Unit cost of production and price acceptable todnstomer in the following situations could
arise: [23]

1. Unit production manufactured products in termseghhology and construction are simple. In
this case, can rely on high production craftsmed aorkers' qualifications. They are, for
example, according to rough sketches of small-stadénologies in addition to ordinary
manufactured products.

2. Unit production manufactured products according ttee complexity of technical
documentation to enable verification of its suilipfor mass production. Then, higher unit
manufacturing costs for subsequent mass produptiocess.

3. Technical documentation and preparation for pradacby a large company, the unit of
production by the company only in the productiondiion.

4. Unit production company specializing in any oneroar field and this field is not only
highly skilled workers, but also highly skilled dgsers, technologists (often the owner)
who can perform skilled technical production spkstigobs training.

As shown, the unit of production cannot always tpeated with a simple production. Workers
skilled in terms of production it requires a higiskilled, but very often the same can be said ef th
engineering staff [20].

Unit production of very sophisticated work distrilmn and therefore a very important role of
the master. Even today, the computerization optiegluction make it significantly streamline their
work, the production of the manufacturing cycletymoduction continually thwarted. Under these
conditions, a very important initiative of the werk, they shall inform the managers about

potential problems (lack of materials, ending trekypossible defects, anomalies of Technology) .

Orderings manufacturing of production significantigreases the planning, account the amount
of work. All costs are calculated to order, andréffi@re all materials, wages must be allocated to
specific orders, let us assume that the jobs ofentimain 100. and each order must be 10 bolts anc
nuts. It is prescribed for every order 100 piea#eos accounts after they are grouped according to
consumption of materials (to be written off becatis®= same material) and orders (because of the
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need to calculate the cost for each job). An armalegsituation to pay. In this situation, it is
necessary to choose one of the options: eitheyadl flor some indirect cost allocation methods, or
introduction of planning and calculation of accongttechniques and thus solve the problem. [22]

Unit productions are difficult manufacture dueuse workers' skills, which are usually high.
Main - qualified - often workers themselves jobslftsule), because the unregulated supply of jobs,
support workers are unevenly loaded, either nokingy or too much. Therefore, very careful to be

based on the number of auxiliary workers [20].

2.5 Production management models, analysis

Production models are innumerable. They can chage than a century. However, those who
are adapted to the specific situation is not miwbdels can be classified according to type. Some
models are of a technical nature, others - orgéinizal and structural. Some models may focus on
information technology. Some principles are derifreth the practices of other theories. However,
according to Gideon Halévy and James A. Jr.. pregagptions, one can distinguish the following
types of based on [17]:

 Organizational decisions;

» Development of information technology solutions;

* technological solutions, which needs hardware.

* philosophical decisions;

* other.

Towards improvement of production efficiency moaebest to focus on the organization of
decisions based on the models. They appeared beeyetars a lot. Some of its widespread use,
others were intended for a narrower specializatmal, operational profile of firms.

Gideon Halévy such a model variations based onldieesions of the organization [17]:

1) Agile Manufacturing;

2) Cellular manufacturing

3) Just-in-time manufacturing;

4) Kaizen Blitz;

5) Lean Manufacturing;

6) (out-sourcing;

7) Virtual Enterprises;

8) Time base competition;

9) House of Quality;

10) and others.
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James A. Jr.. the similar patterns of variatiort,ddsio provide new and [17]:
1) "Kanban" system

2) Workflow management;

3) Product life cycle managemen);

4) Agent-driven approach;

5) Business Process Re-engineering;

6) Group Technology;

7) Value Engineering;

8) Total Quality Management;

9) and others.

Gideon, a comparison of Halévy and James A. Jopgeed models based on the decisions of

the organization is to provide over 30 differentdals.

2.6 Production management models, the selection @rtia

To choose the best production management modebdels of a group of suit in one way or
the other, one can use more than one choice ofadelibgies: one based on a model of governance
to achieve the desired objectives, and the otheedan functionality, which facilitates the
production management model. In this case, | willlgzing then methodology, based on specific
objectives.

Selection criteria addressed the authors Gideoawtand James A. Jr..

Gideon Halévy the more basic, standard criterid s1sc

* To minimize the delivery times - production plarmind control.

* reducing production costs;

* Reduced production time from presentation matettatdients - manufacturing;
* improve knowledge management and data proces$orgcommunication;

* improve and enhance team collaboration;

» Other;

But James A. Jr., examines patterns of selectiberier for a little more. Examination of the
material can be defined with the following criteria
* Reduce production costs;
* quick response to market needs - product developmen
» to achieve zero defects level - quality control,
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* improve and enhance team collaboration;
* improve the integration of business - to improwebgl supply chain,

e continuous improvement;

2.7 Lean Manufacturing

Lean Manufacturing is a philosophy of productioattemphasizes the minimization of the
amount of all the resources (including time) usedhe various activities of the enterprise. It
involves identifying and eliminating non-value-aagli activities in design, production, supply
chain management, and dealing with the custome@n lproducers employ teams of multi-skilled
workers at all levels of the organization and usgghlly flexible, increasingly automated machines
to produce volumes of products in potentially enousvariety. It contains a set of principles and
practices to reduce cost through the relentles®vahof waste and through the simplification of
all manufacturing support processes [33].

Lean brings action and intuition to the table. Bbase the principals of the Toyota Production
System and kaizen (continual improvement) breakifinomethodology, lean focuses on creating
one-piece flow with just-in-time management of int@y and materials. Using five-day kaizen
events, cross functional groups improve lead time r@duce inventory on the spot, attacking the
kind of quality and flow issues identified as "Itvanging fruit” [38].

The Toyota production system has been the modehtory manufactures across the world.
Toyota has established a culture of continuous owvgment and change in the company,
specifically in the manufacturing facilities. Preses and activities at Toyota are constantly being
challenged and pushed to a higher level of perfacmaBy empowering its people, creating teams
that interact to meet objectives, and designingitgluction to optimize performance, Toyota is
able to refine its processes and create

products that are superior to its competitors. €dfaadamental principles that have guided
Toyota have also made them an example to other @oiep beyond the automotive industry
[34].

"Waste elimination is one of the most effective way increase the efficiency of a production
system. Waste is always the first and cheapesttareaange because it usually doesn't require
capital expenditures” [35]. Wastes such as overmtah, waiting, transporting, inappropriate
processing, unnecessary inventory, excess motind, aeation of defects are reducing the
efficiency of a work station [36]. The eliminati@r reduction of any of these wastes can have a

direct effect on the productivity of an entire ogéyn.
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Evaluating the processes undertaken in a manufagtprocess and identifying waste can also
shorten the overall production time and profitapibf a work area. ldentifying non-value added
processes in production and eliminating them cdnae the amount if time it takes to process an
order and reduce the amount of labor or matergalired to complete a job [37].

Creating excess motion also slows down the producgirocess. Designing work centers
allows employees to complete their jobs with atelitepositioning as possible makes production
much more efficient. Acts such as reducing the arhthe distance an employee has to walk to get
supplies by placing common supplies in the workscehn reduce the time it takes to complete a
job. Other work cell improvements such as the imgaaon of shadow boards to help make
locating tools or equipment easier can reduce apate consistency in the amount of time it takes
to complete work [37].

Visibility of a production system makes it possibde management and other key personnel to
make decisions on the status of a work area andii@eturing processes. Key personnel must be
able to identify if a work center is functioningoperly and producing product as planned. Without
visibility it is difficult to identify problems, wste, or root causes within a manufacturing system.
Properly functioning work areas allow managersdmpare the expected output of the work area
against the current output to determine the perdoica of a work area. If the proper systems are
not in place to allow this visibility it is diffidtito prioritize resources to achieve desired dijes
[39].
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2.8 Main Lean tools

2.8.1 Metrics

Metrics are measurements used to determine whathercess is improving. Often, metrics are
based on quality, productivity, cost, delivery, fgability, and safety. Good metrics are aligned
through the organization in the form of strategianping, starting from the corporation's goals,
which are then linked to the plant's goals and faether linked to each department's goals [39].

"Takt time Sets the pace of production to matchréte of customer demand and becomes the
heartbeat of any lean production system. It is asegbas the available production time divided by
the rate of customer demand” [33]. Determiningttie time of a value stream helps establish the
amount of time is should take production cell todarce a finished good.

Associating time with all work helps the plant d&ditsh the amount of time a given job should
take. By determining the amount of time it will é&ako complete a job, the production planners
have a better opportunity to create a schedule ¢hat folly utilize the production assets.
Establishing production times also allows produti@md management to determine if a work unit
iIs on track to meet the production objectives fag tlay. If the work unit falls behind, schedule
management will know there are problems in the pectdn system and can identify the problems
to determine why the work area has fallen shortsofoals and correct any problems that may exist
[39].

In a job shop the scheduling of work orders is inguat because it reflects the operating plan
of the entire work system. With several jobs besogeduled in a given day production planners
need to know if capacity exists to complete theknauwe on a specific day. After determining the
amount of time it will take production to completee work due on a given day the production
planners can then take action to react to capaoitgtraints. A good knowledge of the time it will
take to complete work will allow planners to theptimize other metrics the effect the business
such as work in process (WIP), inventory costs, tredspeed of processing a customer's order
[33].

2.8.2 Andon

Andon signals are an excellent way to visualize dta#us of a production area. The andon
signals can be a number of different visual sigttads easily let mangers and supervisors know if a
problem exists in one of the production cells. Atydta the tracking of andon signals is a key
metric tracked to help management identify probléhad are slowing production. Once the data
Toyota collects on the andon signals is collecteohgers will Pareto out the data to identify the
common causes of production interruptions. The ngosimon problems are then addressed by
management to improve the entire system [40].

32



2.8.3 A3

One common problem with analyzing problems in bessnhas been the over abundance of
information and complication of combining infornati to create actions and drive results.
Toyota's solution to this problem was to simplihetprocess into what they called an A3. The
name A3 stands for the 11" x 17" sheet of papértiemimportant information regarding a problem
is compiled on. In the A3 process mangers comglléha necessary information, graphs, and
statistics to identify the problem, the currentestaetermining the root cause, suggested altemati

solutions, suggested recommended solutions, aneldawest benefit analysis [40].

2.8.4 Value Stream Mapping

Value stream mapping, although it is not a comgdlets analysis, is a graphical tool that uses
symbols to show the flow of material and informatigithin your business . Value stream mapping
is an important process for any business seekingpoove their processes. According to Jared
Lovelle, value stream mapping visually outlines thierent and future state of a production system,
allowing users to understand where they are and wasteful acts need to be eliminated. The user
then applies lean manufacturing principals to titeorsinto the future state [41].

Once a value stream is mapped, it is easy to igeimefficiencies such as long setup times,
poor uptime, disconnected operations, and longutfitput times with large inventories between
every step in the process [42]. Value steam mappaegices cost by reducing lead time. The
measurement for lead time is referred to as tatadiyct cycle time, which measures the longest
path from the receipt of raw material until it lsigped as a finished good. It is clear that redycin
the total product cycle time

has several benefits such as reduced inventoryteshiead time, and better customer
satisfaction [39].

Once the current state has been mapped, wastegtimouthe value stream must be identified
and eliminated to shorten lead-time and improvevtilee added percentage - in other words, to
transform the production system from a batch arghpuato a one- piece flow and pull system [41].
All of the 7 wastes of over-production can be idfead by evaluating the current state map (if the
wastes exist). Once the wastes are identified thegt be addressed by countermeasure that car
reduce or eliminate each waste [41].

After the current state is mapped and all wasteg baen identified, the next step in the value
stream mapping process is to create a future staje Future state maps should include the
improvements you believe are reasonable to tangte near future, for example, in the next three
months . After the future-state map has been dpedioan action plan and extended value stream
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plan must follow. An action plan is created to mdke transition from the current state to the

future state [41].

2.8.55S

A lean tool that promotes continuous problem s@vamd improvement, 5S (sort, stabilize,
shine, standardize and sustain) is a series ofiesi for eliminating wastes that contribute to
errors, defects, and injuries. In this improvemerdthod, the fifth S, sustain, is arguably the
hardest. It's the one that keeps the first fourgdieg by emphasizing the necessary education,
training, and rewards needed to encourage workepsaperly maintain and continuously improve
operation procedures and the workplace environmé&his effort requires a combination of
committed management, proper

training, and a culture that makes sustaining img@neent a habitual behavior from the shop
floor to management [40].

One important part of creating consistency in adpotion environment is developing an
environment that can produce consistent resultspro§rams have been implemented at Toyota
and other manufacturers to maintain an environnfez® of waste and disorganization. A
functioning 5S program looks at the following keyacacteristics of a manufacturing facility that
when improved can create a more productive workrenment.

1) Sort - Look through a work area and keep only tems that are needed and eliminate any

unnecessary items.

2) Straighten - the motto is "a place for everythimgl @verything in its place". Basically this
means that everything in a work area has a desdratation that it should be kept in
unless it is being used.

3) Shine - Keeping a clean work environment can imerdive quality of products being
produced by reducing contamination and identifythimg that may be out of place in the
work area.

4) Standardize - Develop systems to maintain and rothie first three S's.

5) Sustain - Create management audits of the 5S sy3tgnto create consistency throughout

the production area [40].

2.8.6 Kanban

A system of continuous supply of components, pamts supplies, such that workers have what
they need, where they need it, when they needhé.Wword Kan means "visual" in Japanese and the

word "ban" means "card". So Kanban refers to "lisaads".
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Kanban is a signaling system to trigger action.itsname suggests, kanban historically uses
cards to signal the need for an item. However, rottevices such as plastic markers (kanban
squares), balls (often golf balls), an empty pamgport trolley, or simply a floor location casal

be used to trigger the movement, production, oplugf a unit in a factory.

The need to maintain a high rate of improvementsTlieyota to devise the kanban system.
Kanban became an effective tool to support the inghof the production system as a whole. In
addition, it proved to be an excellent way for potimg improvements because reducing the
number of kanban in circulation highlighted problareas.[2]

2.8.7 Kaizen

Kaizen is a daily activity, the purpose of whichegdbeyond simple productivity improvement.
It is also a process that, when done correctly,dnires the workplace, eliminates overly hard work
("muri), and teaches people how to perform experita on their work using the scientific method
and how to learn to spot and eliminate waste inness processes. In all, the process suggests :
humanized approach to workers and to increasinglymtovity: "The idea is to nurture the
company's human resources as much as it is toepemsd encourage participation in kaizen
activities." Successful implementation requires e"thparticipation of workers in the

improvement."[4]

People at all levels of an organization can paudit@ in kaizen, from the CEO down, as well as
external stakeholders when applicable. The forrmakéizen can be individual, suggestion system,
small group, or large group. At Toyota, it is usya local improvement within a workstation or
local area and involves a small group in improvihgir own work environment and productivity.
This group is often guided through the kaizen psedey a line supervisor; sometimes this is the
line supervisor's key role. Kaizen on a broad, saspartmental scale in companies, generates tota
quality management, and frees human efforts throongnoving productivity using machines and

computing power. [3]
2.8.8 Poka yoke

Poka-yoke is a Japanese term that means "failgsafin "mistake-proofing”. A poka-yoke is
any mechanism in a lean manufacturing processhiblgls an equipment operator avoid (yokeru)
mistakes (poka). Its purpose is to eliminate prodisfects by preventing, correcting, or drawing
attention to human errors as they occur.[5] Thecephwas formalised, and the term adopted, by
Shigeo Shingo as part of the Toyota ProductioneéBysit was originally described as baka-yoke,
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but as this means "fool-proofing” (or "idiot-prood”) the name was changed to the milder poka-

yoke.

Poka-yoke can be implemented at any step of a raatwsing process where something can go

wrong or an error can be made.

Shigeo Shingo recognized three types of poka-yokedétecting and preventing errors in a

mass production system: [6]

e The contact method identifies product defects Btirtg the product's shape, size,
color, or other physical attributes.

¢ The fixed-value (or constant number) method aldsoperator if a certain number of
movements are not made.

e The motion-step (or sequence) method determinethehthe prescribed steps of the

process have been followed.
2.8.9 Heijunka

A heijunka box is a visual scheduling tool usedh@ijunka, a Japanese concept for achieving a
smoother production flow. Whilst heijunka refergtie concept of achieving production smoothing,
the heijunka box is the name of a specific tooluseachieving the aims of heijunka.

The heijunka box is generally a wall schedule whechivided into a grid of boxes or a set of
‘pigeon-holes'/rectangular receptacles. Each coloitioxes representing a specific period of time,
lines are drawn down the schedule/grid to visubhgak the schedule into columns of individual
shifts or days or weeks. Coloured cards represgmtidividual jobs (referred to as kanban cards)
are placed on the heijunka box to provide a visgiatesentation of the upcoming production runs.

The heijunka box makes it easy to see what typelbsfare queued for production and for when
they are scheduled. Workers on the process renhevieainban cards for the current period from the
box in order to know what to do. These cards walldassed to another section when they proces:s

the related job[7].
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2. 9 Identifications main manufacturing wastes

Waste elimination is one of the most effective wayysicrease the profitability of any business.
Processes either add value or waste to the praducti a good or service. The seven wastes
originated in Japan, where waste is known as “mutighe seven wastes" is a tool to further
categorize “muda” and was originally developed lmydta’s Chief Engineer Taiichi Ohno as the
core of the Toyota Production System, also knowheas Manufacturing. To eliminate waste, it is
important to understand exactly what waste is ahére it exists. While products significantly
differ between factories, the typical wastes foumahanufacturing environments are quite similar.
For each waste, there is a strategy to reducarmealte its effect on a company, thereby improving

overall performance and quality [8].
The seven wastes consist of:
1. Overproduction.

Simply put, overproduction is to manufacture anmitdefore it is actually required.
Overproduction is highly costly to a manufacturplgnt because it prohibits the smooth flow of
materials and actually degrades quality and pradtct The Toyota Production System is also
referred to as “Just in Time” (JIT) because evé&yniis made just as it is needed. Overproduction
manufacturing is referred to as “Just in Case.’sTdrneates excessive lead times, results in high
storage costs, and makes it difficult to detecedsf The simple solution to overproduction is
turning off the tap; this requires a lot of courdmgpeause the problems that overproduction is hiding
will be revealed. The concept is to schedule anddywe only what can be immediately

sold/shipped and improve machine changeover/seapability.
2. Waiting

Whenever goods are not moving or being processedwaste of waiting occurs. Typically

more than 99% of a product's life in traditionatdheand-queue manufacture will be spent waiting
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to be processed. Much of a product’s lead timeer tip in waiting for the next operation; this is

usually because material flow is poor, productiansrare too long, and distances between work
centers are too great. Goldratt (Theory of Constsaihas stated many times that one hour lost in a
bottleneck process is one hour lost to the entirtofy’s output, which can never be recovered.

Linking processes together so that one feeds tiredo the next can dramatically reduce waiting.
3. Transporting

Transporting product between processes is a costsion which adds no value to the product.
Excessive movement and handling cause damage arahaspportunity for quality to deteriorate.
Material handlers must be used to transport theemadd, resulting in another organizational cost
that adds no customer value. Transportation cadlifbeult to reduce due to the perceived costs of
moving equipment and processes closer togethethdtarore, it is often hard to determine which

processes should be next to each other. Mappirduptdlows can make this easier to visualize.
4. Inappropriate Processing

Often termed as “using a sledgehammer to crack,amany organizations use expensive high
precision equipment where simpler tools would bé@gent. This often results in poor plant layout
because preceding or subsequent operations aredofza apart. In addition they encourage high
asset utilization (over-production with minimal dgg&overs) in order to recover the high cost of
this equipment. Toyota is famous for their useo@i-cost automation, combined with immaculately
maintained, often older machines. Investing in $namore flexible equipment where possible;
creating manufacturing cells; and combining stejds greatly reduce the waste of inappropriate

processing.
5. Unnecessary Inventory

Work in Progress (WIP) is a direct result of overrction and waiting. Excess inventory tends
to hide problems on the plant floor, which mustithentified and resolved in order to improve
operating performance. Excess inventory increasad times, consumes productive floor space,
delays the identification of problems, and inhitsmmunication. By achieving a seamless flow
between work centers, many manufacturers have élglento improve customer service and slash

inventories and their associated costs.
6. Unnecessary / Excess Motion

This waste is related to ergonomics and is seatl instances of bending, stretching, walking,

lifting, and reaching. These are also health arfetyaéssues, which in today’s litigious society are
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becoming more of a problem for organizations. Jeibls excessive motion should be analyzed and

redesigned for improvement with the involvemenplaint personnel.
7. Defects

Having a direct impact to the bottom line, qualitgfects resulting in rework or scrap are a
tremendous cost to organizations. Associated ¢osbsde quarantining inventory, re-inspecting,
rescheduling, and capacity loss. In many orgaiozatthe total cost of defects is often a significa
percentage of total manufacturing cost. Through leyae involvement and Continuous Process

Improvement (CPI), there is a huge opportunityetuce defects at many facilities [8].

In the latest edition of the Lean Manufacturingssia Lean Thinking, Underutilization of
Employees has been added as an eighth waste to'sObtimginal seven wastes. Organizations
employ their staff for their nimble fingers andostg muscles but forget they come to work
everyday with a free brain. It is only by capitalg on employees' creativity that organizations can

eliminate the other seven wastes and continuougbyave their performance.

2.9.1 Waste removal inside value streams

As the focus of the value stream includes the cetepValue adding (and nonvalue adding)
process, from conception of requirement back thindoegraw material source and back again to the
consumer’s receipt of product, there is a cleadneeextend this internal waste removal to the
complete supply chain. However, there are diffieglin doing this. These include lack of visibility

along the value stream and lack of the tools appatepto creating this visibility. This paper
aims to help researchers and practitioners remeay sleficiencies. The waste terminology
described above has been drawn from a manufactuemgronment, specifically from the
automotive industry, and from a Japanese persgedhs a result some translation of the general
terminology will be required to adapt it to a pantar part of the value stream and to particular
industries in non-Japanese settings. Consequeatlyontingency approach is required to some
extent. Such an approach has been the subjechsiderable previous work at the Lean Enterprise
Research Centre. This would include the applicabigrHines[10] of thekyoryoku kai (supplier
association) to a range of UK-based industry sectord the introduction by Jones[11] of the
Toyota production

system philosophy to a warehouse environment. Joagshown that the seven wastes required
rewording to fit an after-market distribution setfi He therefore retiled the seven wastes as:

(1) faster-than-necessary pace;

(2) waiting;
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(3) conveyance;

(4) processing;

(5) excess stock;

(6) unnecessary motion;

(7) correction of mistakes.

2.10. Production variety funnel

The production variety funnel is shown in Figurelsis approach originates in the operations
management area[28] and has been applied by Newn2fie textiles industry. A similar method
is IVAT analysis which views internal operations gompanies as consisting of activities that
conformto I, V, A or T shapes[28]:

* “I” plants consist of unidirectional, unvaryingqauction of multiple identical items such as a
chemical plant.

* “V” plants consist of a limited number of raw radtls processed into a wide variety of
finished products in a generally diverging pattern.

* “V” plants are typical in textiles and metal fatation industries.

* “A” plants, in contrast, have many raw materiatgl a limited range of finished products with
different streams of raw materials using differfdilities; such plants are typical in the aerogpac
industry or in other major assembly industries.

* “T” plants have a wide combination of productenfr a restricted number of components
made into semi-processed parts held ready for @ vadge of customer-demanded final versions;
this type of site is typical in the electronics dmlisehold appliance industries.

Such a delineation using the production varietyngin(Figure 5) allows the mapped to
understand how the firm or the supply chain operated the accompanying complexity that has to
be managed. In addition, such a mapping procegs Ipeltential research clients to understand the
similarities and differences between their indusind another that may have been more widely
researched. The approach can be useful in helpidgdide where to target inventory reduction and
making changes to the processing of products. Hls® useful in gaining an overview of the

company or supply chain being studied.
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Fig. 5 Production variety funnel
2.10.1 VAT analysis

VAT analysis determines the general flow of panid products from raw materials to finished
products. It conceptualizes an organization in geohthe interaction of its individual component
parts, both products and processes. Three geretiegaries of production structures result from
this standpoint, each necessitating a unique appbrt@ management planning and control. The
logical structure is the sequence of operationsutin which each product must pass in order to
manufacture and assemble a product or product yaliV logical structure starts with one or a
few raw materials, and the product expands intaraber of different products as it flows through
its routings. The shape of an A logical structilsedominated by converging points. Many raw
materials are fabricated and assembled into aifeshed projects. A T logical structure consists of
numerous similar finished products assembled fremmon assemblies and subassemblies. The
graph shows the general appearance of each seu€uce the general parts flow is determined,
the system control points (gating operations, cayset points, divergent points, constraints, and
shipping points) can be identified and manageds @etermination focuses management's attention
on a few control points where buffers can be useg@rotect and to maximize throughput. Five
control points are used to manage the procesghélgonstraint, (2) the points of divergence (where
a part or material is diverted to different routeorder to make different products), (3) the psint
of convergence (where two or more parts are condbinesubassembly), (4) the gating operation
(releases work into the shop), and (5) the shippjperation. [24]
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The shape of the structure determines which coptiits are utilized to manage production. A
T structure focuses attention on the constraint tyedgating operation. The five-step focusing
process is used to manage the constraint with &eropfaced before the constraint to absorb
variations in the process. The output from thengpatiperation is tied to the constraint; that iscsi
the constraint controls the amount of throughphg; gating operation cannot process more than the
constraint.

AV structure also uses a buffer to protect thest@mt and the gating operation releases orders
at the same rate as the constraint as seen in gteudture. However, an additional control point
exists in the V structure, the divergent point. @ineergent point is controlled by a schedule deative
from the shipping schedule. This derivation presemisallocation of material to a product not

currently in demand.

A Plant

It iz aasy bo sea how saoh configuration gat its nama

Fig. 6 VAT structure

The A structure also manages the constraint andggaperation in a fashion similar to the T
structure. Any diverging points are scheduled icoadance with the shipping schedule. In addition,
an assembly buffer is used to maintain the flow ihie convergent points. An additional schedule
based on the shipping schedule (similar to thad uséhe V structure) is used to keep capacity from
being misallocated to the wrong order. By using Vafalysis, significant improvements in the

production process can result.
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2.11 Theoretical model analysis of process improvesnt

Process improvement is widely used in various magstufing management. Process
improvement forms and methods and is much differtrdepends on different situations in each
case. However, despite the uniqueness of situaiindsvarious process improvement models have

potential, several typical workflow process impronent models.

2.11.1 Deming cycle

One of them could be based on the "Deming" cyclee ©f the most common tools for
improvement is the Deming (or Stewart) Cycle. Tiisthod is also known as Plan-Do-Check-Act
(PDCA) or Plan-Do-Study-Act (PDSA) and it is wellited for many improvement projects.
Originally known as PDCA, it was revised to PDSA the early 1990's to reflect
misunderstandings of the intent of learning process

Many quality practitioners believed that the chetdge of the process meant to simply measure
the improvement and move forward to the Act stdgeming was stressing the importance of
studying the data collected prior to acting updoyithanging the name of the stage to study. Use of
the Deming Cycle is so widespread that ISO 900lLdes the methodology as a means of process
improvement.

e PLAN: Design or revise business process componernisprove results
e DO: Implement the plan and measure its performance
e CHECK: Assess the measurements and report thegésuecision makers

e ACT: Decide on changes needed to improve the psoces

Deming's PDCA cycle can be illustrated as follows:

Fig. 7 Deming cycle
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Deming's focus was on industrial production proessand the level of improvements he
sought were on the level of production. In the nmodgost-industrial company, these kinds of
improvements are still needed but the real perfocealrivers often occur on the level of business
strategy. Strategic deployment is another procbkss,it has relatively longer-term variations
because large companies cannot change as rapidipakbusiness units. Still, strategic initiatives
can and should be placed in a feedback loop, camplgh measurements and planning linked in a
PDCA cycle.

2.11.2 G. Halévy raising questions of the method ahalysis of the development process

One of the foreign authors Gideon Halévy offerstaribre company covering the theoretical
aspects of the organization development model. A&lbeg to him, planning to improve the
organization itself must raise 5 questions to Istdpcture the development of programs. Also, these
questions should provide a key to long-term proegsshe subsequent improvement, whereas
improvement as a separate process can be exhaustive

These 5 can be questions are:

1) The motive, the driving force - which is essenttal business aspects leading to process
improvement?

2) The model - which of the following models of besagdice in the organization?

3) Model - how to quickly and effectively identify impvement opportunities?

4) Leadership Change - What factors affect the improua of delivery performance?

5) Measurements - What are the major facts introdoctd performance monitoring

program?

2.11.3 Theory of constraints

The theory of constraints is a general manufacguphilosophy based on understanding the
manufacturing processes and identifying its comggaA constraint is anything that limits a system
from achieving higher performance or meeting goals.

Initially the system was developed as a scheduBggtem called optimized production
technology (OPT). OPT governs product flow in thenp The rules of OPT are derived for the
capacity constraints and especially bottlenecks.

Both capacity and market constraints should be lednaly the logistical system. The nine rules
of OPT are:

1. Do not balance capacity. The major objectivitois.

2. The level of utilization of a non-bottlenecknist determined by its own potential

but by other constraints within the system.
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. Activation and utilization are not synonymous.

. An hour lost on bottleneck is an hour lost om sistem.
. An hour gained on a non-bottleneck is a mirage.

. Bottlenecks govern both inventory and throughput

. The transfer batch may not be equal to the gsobatch.

. The process batch should be variable, not fixed.

© 00 N O o b~ W

. Schedules should be estimated by looking @haltonstraints.

Lead times are results of a schedule and canngirégetermined. OPT did not reveal the
theory underlying the software, the firms that iempented OPT were forced to follow schedules
generated by a ‘black box’. Supervisors found ttfeedules counter-intuitive and were reluctant to
follow them. Following a fairly disastrous sortiato OPT scheduling software, the ideas on
bottleneck management now run under the name ofytteé constraints

(TOC). TOC has moved on slightly from OPT, howeuwle basic message is remarkably
similar. TOC is claimed to be a useful approacissoes of project management and constraints in
company policies. Independent experts say produdiovhere the true value still lies. A lot of
work is being done to see how you can apply manurfi;g theory outside of manufacturing, but
you always come up against the problem of envirorismthat don’t even have the stability offered
by manufacturing, where at least if something takeshour to make, it takes an hour to make.
Outside of manufacturing, there is so much scopeanfimrmal systems. TOC boils down to the
argument that the throughput (that is, output wheclsold) of an entire plant is the measure of
success for any company; that it is nonsensicalndividual departments to work on improving
their performance locally since this will only rétsin stockpiles of inventory or workin- progress;
and that there is always one weakest link in thamngithe point where improvement efforts should
be focused first and whose limitations or consteashould inform all other steps. If you optimize
already strong links without strengthening the vesakall you do is heighten the imbalance —
which translates into inventory.

2.12 Model analysis of raising production efficieng
Examination of the literature on the topic of hisshappropriate for an author to choose. These are:

Jared Lovell;
K. A. Rosentrater;
Peter Hines and Nick Rich.
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However, the authors model and the model descrnigtfidhe installation | am not happy because it
was a lot of uncertainty and there was no constgteind this is the most important criteria for a
rapid and correct implementation of lean productigstem and improve efficiency.

Authors divides the whole model in the three mairt,pas follows:

1. Start the map by drawing a factory icon and dataibdhe top right corner of the paper (Figure
1). Fill in the data box with a list of customego&rements (remember that the value stream is
based upon product families, so be specific) sgchingts per day, number of shifts, complexity
breakout, and other production information. Remantbat the scope of a value-stream map
encompasses much more than just the factory. ludes the entire value stream from raw
material to shipment of finished product. Therefdhe best place to start is with the customer,
since the customer is the only individual who cafiree the true value of the commodity at
hand. (The customer icon on the map resemblestle capresenting the fact that the customer
is king.)

2. The next step is outlining the basic supplier pabidun process. Use a process box on the left
side of the map to represent suppliers. Usuallys@bpliers cannot be listed, so the rule of
thumb is to select the supplier of the most vi@inponents or the company that supplies the
most components by dollar amount. After the supplege drawn, list the production details of
the operation in a data box. This information stdut readily available from your purchasing
department.

3. The last step of the external map is to connedhallicons with information flow icons. Draw
the appropriate icon based on the type of inforomatiow. Figure 1 has electronic information
flow, which is indicated with lines that appearlightning bolts. Other types of flow make use
of different types of lines. Below each informatimon, draw a description box and fill in the

frequency of information flow. The external mammv complete.

table. 2 Find models advantages and disadvantages

Authors Advantages Disadvantages

Not present concrete problems
Jared Lovelle Concentrate for creating flow. decitions, only present how identify
problems

Very detailing resent how draw value |Presend decitions but not present how

K. A. Rosentrater . L.
stream maping it implement.

Offering to find weaknesses in the use |For identify and solve problems

Peter Hines and Nick Rich . .
of seven waste method. present very comlicated decitions.
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3. Production efficiency improvement in industry, enpirical studies

3.1 Research methodology

My issue is about raising the efficiency of prodoict and the selected branch - the metal-
processing industry, which has its own specificrabteristics, so that empirical research should
start from the current situation in the overall keranalysis. The aim is to find what is, the irdys
dynamics, enterprises in financial performancegsattc. Also the dynamics to be compared with
the overall dynamics of industry in the country ahdn we will get current situation, how the
industry evolves: the situation is upgrading oedetating.

Examination of the industries, the trend will passhe analysis of a given business groups and
their problems. Try to formulate a planned improeets set, which allows those companies to
improve their production efficiency according teithmarket position and overall market trends.

Identify more precisely which of the already setelcproduction efficiency improvement tools
are best for my case and considers the undertakiogserned. This will result in survey, more
qualitative than quantitative, focusing on the aaricof the survey method - an interview with the
aim to maximize the views from various staff athotite lowest chain and executive positions.

Collected sufficient data, can we build modelssirag the efficiency of production tools set,
the most suitable for my case. This model shouldtrdmute to the metal-processing industry to
become more competitive both in Lithuanian, Europaad global level. This is relevant due to the
fact that in Lithuania the following industries graction market is small, but in order to compete
with foreign companies need to act quickly, innaxely and constantly strive to improve their
business operations, product or service. In sudhwastigation will be to improve most focused.

Structuring study the challenges can be discernem the two main tasks and it is broken
down into subsidiary objectives:

1) A metal-processing sector development trendesearch:

e Production structure analysis
e The number of enterprises of the sector trend arsaly

e industry, general business trends analysis

2) A process of raising the efficiency of produantia industry surveys.

e Correlation analysis.
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3.2. Metalprocessing sector trend analys

The statistical analysis was used to provide thedtenent of Statistics data. In all examinet

the following analyzes the industry to compare witla choice of industrial actives. It will also

examine all the Lithuanian state and industry ts

3.2.1Industrial production of statistical analysis

table. 3industrial production index, compared with the poeg year,% [<

Economic activities 2005 2006 2007 2008
All Industry 107,0 106,5 102,4 105,5
Fabricated metal produ: 1199 130,2 126,3 71,0

Industrial production index, compared with the previous year,%
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Fig. 8 Industrial production indexes [9]

The data provided shows that industries with mgwrections retained a fairly smocgrowth.

Fabricated Metal Products group of companies by620&d sufficiently high growth rates, t

gradually fell in 2006. However, from 2C-2008, has fallen dramatical

In summary it can be argued that since 2005 thed totlustry growth has been negative,

positive in 2008. However. Fabricated Metal Produgtoup of companies from rapidly fall

during 2007. During the analysis of a-year period was 8.05% anntfall, and if we take the last

2 years, it will fall 55.3%. However, the figureeanuchpicturesquely when compared with some

initial reference points, for exam). 2005 year.

Further, this is what the table and loc- the rate of growth compared to the b- the year

2005.
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table. 4industrial production index, compared with b- 2005 year,% [¢

Economic activities 2006 2007 2008
All Industry 114,0 116,7 123,1
Fabricated metal produ: 156,1 197,2 140,0

Industrial production index, compared with the previous year,%
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y=-6,69In(x) +168,4 —ll— Fabricated metal products

160,0 -
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Fig. 9Industrial production index, compared with basg

This curve shows that the all industry rate of girowlightly increasing, and fabricatmetal
products, theme of growth is declining. This shdwat in Lithuania the operating profile of

growing market for up businesses, as well as afiecompetitior

Statistical analysis of the structure of production by market

table. 5Statistical analysis of the structure of production market (sold production = 100

2006 2007 200¢ 2009
Lithuanian marke 36,8 37,2 31,z 28,4
foreign market 63,2 62,8 68,¢ 71,6
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Fig. 10 Statistical analysis of the structure afdurction, by market (sold production = 100%) [9]

As can be seen from the data and how it was pessiblexpect every year except 2007,
Lithuania declining sales and an increase of salésreign markets. This is due to the fact thas th
category of companies are generally attained a hegihnological level, they also produced
products are usually sufficiently technologicallyphisticated, and Lithuania, taking into account
the size of the market is not very friendly countmhich can be selected as the sole sales region
Technologically innovative company constantly loakifor opportunities to sell more abroad, as
there are customers paid on time it is opportusit@ sell more. In addition, and competition
becomes no longer a local but a global communityenT play to improve their performance.

Through their work, I will try to show what is masteded to improve the industry.
Department of Statistics provide further compagtitable which shows the production

structure in relation to mining and manufacturitigs structure is taken as the base and is 100%

3.3 Metal-processing sector, the number of enterpses trend analysis

table. 6 The number of firms by economic activly [

Economic activities 2002 2003 2004 2005 2006 2007 2008
Fabricated metal
products 507 557 592 627 662 688 686
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Industrial production index, compared with base-2005 year.

760
v=199,05In(x) + 495,3

660

560 F”—-‘*

460

360

Growth/frecession

260

160

ED T T T T T T 1
2002 2003 2004 2005 2006 2007 2008

Years

Fig. 11 The number of firms by economic activi9]

As is clear from the statistics and in accordanitk their timetableand the "trend" function for
sheet metal processing enterprises sector is ggoraoidly. This indicates an active growth in t

sector as well as production demand incre

Industry Analysis and Trends

table. 7Companies' ability to compete in the domestic mackange. Number of enterprises

a percentage. [9]

2009 2010
I IV IV EVEVIVIEIX | X | XE XTI v Vv
Improved 10| 8 (11| 8 (11|12|11|10|11| 6 | 7 | 8|9 |10 11 6
Has not changed | 86 (88 | 84 | 89|87 | 85| 87 |86 (83|91(89|87 (87|84 | 87 90
Deteriorated 4 | 4|5 (3]2]|3 2 4 | 6|3 |45 |4]|6
Balance 6146|5919 9 6| 5|13(3]13|5]4]9 2
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Abilities to compete on domestic market
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Fig. 12 Companies' ability to compete in the domestrket change

As is clear from these data, the internal markeinges very little. Most of the companies
responded that the situation is unchanged. A d¢kradency. Thus one can assume that the whole
industry is stagnating stage. This may be due ¢ofdht that the local market is small and largely
meet its needs in the long run should not changeitbation.

table. 8 Companies ability to compete in the EUntoes market change. Number of
enterprises as a percentage [9]:

2009 2010
I IV |V VE[VIEVIEIX | X | X[ XI I Il 11 v |V
Improved 119 (11 (13|14 |13 |12 | 8 | 8 | 6 5 6 6 7 6 6
Has not changed | 77 | 78 | 74 |73 |76 |77 | 80 | 85 |8 | 80 | 81 | 82 | 81 78 82 | 84
Deteriorated 12113 (15|14 |10 10| 8 7 |6 |14 14 | 12| 13 15 12 | 10
Balance 1)-4(-4(-114]3 | 4 112|-8| -9 |-6]| -7 -8 -6 | -4
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Ability to compete in the EU market
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Fig. 13 Companies ability to compete in the EU ¢doas market change

This analysis applies a similar rule as in the ysialof the ability to compete in the domestic
market. Here, however, clearly visible to the negatrend in companies recognize that to compete
in EU markets is becoming increasingly difficult. donfirmed my earlier predictions of metal-
processing's sectors, exports need to implemenemadanufacturing methods of organization to
help organize its corporate structure to improseojterations and production management on what

companies can successfully compete in foreign nisirke

table. 9 The product demand. Number of enterpases percentage [9]:

2009 2010
I Il m [V |V | VIEVIE|VIEIX | X | XX ] Il m | v
Improved 3 7 9 | 9|12(15|16|18 |14 |10 |16 11| 9 | 10| 8 7 9
Has not changed | 79 [ 69 | 65 |76 |73 |67 | 67| 62 |67 | 69 (72|73 64 | 59 | 60 | 60 | 63
Deteriorated 18 | 24 | 26 |15|15|18 |17 | 20 |19 | 21 (12|16 27 | 31 | 32 | 33 | 28
Balance -15|-17|-17|-6 (-3 |-3|-1|-2|-5|-11| 4 |-5(-18|-21|-24|-26|-19
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The product demand

,6201x+ 73,706
st —

— |mproved

Has not changed

30 Deteriorated

/__,__.-—\ /_——\
20 Sy =-0,1451x7 56400 + 2 1Bl E—e el 7 e Poly. [Has not changed)
H - A
I Va Poly. (Balance)
I ‘ Il ‘ [} | | v | Wi ‘ i | vl X ‘ xl M\‘ I ‘ Il in ‘ [\ ‘ v

y=-0,015x%+0,125x+ 5,2 Ws?sxzw.s??gx—zl.gn
20 2009 2010 -

Balance

Poly. (Improved)

Number ot enterprises as a percentage

Period

-40

Fig. 14 The product demand

This analysis reflects the overall product demaedds across the industry. These data show
that sentiment is negative, decreasing firms aripa¢ demand is too high, what is essentially
positive. At the same time increasing number of ganies saying that demand is declining. This
may be due to the fact that the market is growimgenand more foreign manufacturers substitutes
propellants our local products because local fiares unable to produce innovative, economically

and quickly adapt to evolving market conditions.

table. 10 Production export demand [9]:

2009 2010
I IV V| VEVIEVIEIX | X | XE X Il m v | v
Improved 4 |23|130(32|31(32|36|36|34(36(33|30|14| 1 1 2 1
Has not changed | 79 | 61 (54 |50 (53|57 |46 | 50 | 55|47 |56 (58|63 70| 72|67 | 74
Deteriorated 17 |16 (16|18 |16 |11 |18 | 14 |11 |17 |11 |12 |23 | 29 | 27 | 31 | 25
Balance -13 | 7 | 14|14 15|21 (18| 22 23|19 |22 |18|-9 |-28|-26|-29|-24
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Production export demand
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Fig. 15 Production export demand changes

According to this analysis shows a very negatieadr- the demand for exports fall sharply,
resulting in deterioration of all the country'sdn trade balance. Fall and the country of exygort
more difficult to pull money from foreign funds anding borrowing become foreign debt balance
may become negative. Also with regard to the emtideistry, as well as metal-working sector can
be said that the need to significantly raise tivellef exports, increase the competitiveness dfi bot
sectors and all industries in foreign countriesisTiequires, as mentioned previously, to become
more flexible, filed a governance structure to dretirganize production and to optimize use of

resources.

Conclusions

Summarizing the statistical data shows that theieissf medical equipment, precision
instruments and optical goods industry, Lithuaraa b positive and improving. Sector showing no
significant variations in terms of performance. Yoan read both positive and negative features.
The negative is the fact that as a technologicdlianovative group of companies have these days
of innovation and innovation to achieve better tssthan the market average. It also takes into
account the fact that increasing the sales abrBagort growth is a positive element, since the
mutual benefits of exporting firms at both the aaél companies in the group: the country-wide
improvements in foreign trade balance, and thegteuvel - the company becomes more familiar in
the world, increasing their brand, as well as atbrdhey pose a level of understanding of those
industries in which they operate, good situatior.ithuania. It also appears that the recent results

of the group tend to improve faster than beforewsb this, and given the fact that exports are
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increasing and exports high-tech products, compamast continually strive to improve their
performance in order to remain competitive in thebgl market.

Increase the competitiveness of enterprises andowepthe performance measures should be
taken, and in particular the original chain - prction. After all, if the product is not in line wvit
market requirements, no longer have any means l@e\se the desired objective because the
product simply will not buy nothing. So it shouleé laken into account the organization of
production and efforts to improve it. that them'sduction quality and decrease production cost.

Previously, theoretical part | looked at a numbiepreduction management models. They can
serve as tools for improving the organization hdwdd always be taken into the field-in this case,
medical equipment and facilities and precise oppicsducing sector-specific requirements. So |
will try to continue to consider a preliminary fimng appropriate models and their application

possibilities in our case.

3.4 Metal-processes industries sector research

The survey chose three companies that match megrieriin the investigation and located
sufficiently operational profile.

First would be UAB "EMP recycling" the company asédes, buying, processing of electronic
waste (household, office equipment, cables, wiegg) automotive waste, sale of secondary raw
materials for industry. In 1999 was establishedKkEbniniu masinu perdirbimas"” in 2007 company
changed its name to "EMP recycling. Its refinergdurction capacity per year - 20,000 tones of
electronics waste, up to 1,000 tons of wire andegagbout 500 tons of automobile catalytic
converters.

The company will apply to both the principles of sagroduction, where some products are
produced without nonstop long time, and also appitethe serial model in which the customer's
request is produced is a different product. In egeheration is creating more new jobs, which is
taken up to form a unique product with part of pneducts. Commissioned a unique content of the
final product.

Second would be JSC "Arginta" fields of activity production of highly qualitative non-
standard products, components and metal semi-pi®dumn steel, stainless steel, aluminum. We
manufacture the products in accordance with custenrawings. However, this job may be
entrusted to our experienced designer.

Third company would be JSC "VAE Legetecha". UAB VAEgetecha produces very high-
precision components and a kit requiring assemiplgrations carried out in accordance with

customer orders and drawings, switches, crossiadditional equipment for rail mounting, a
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segregated glue joints, replacement of worn pdrthe spit repair. However, more specialization
switch assembly, the components required for pribaiuc

| think that the three companies can, at leastim, peflect the situation in Lithuanian industrial
market among companies that operate under a cothpirmeluction which is not so easy to apply
standard solutions to improve production and edficy.

The survey was guided by the principle of non-quiainte, but qualitative survey. Most of the
respondents were interviewed individually - intews. Yes | did because | was able to gain access
to people in person in each company, and mosteshtare willing to share their experiences and
opinions, because in most cases it has proved dae exciting - the people at the hearing, and lack
of communication.

Questionnaire is attached as Appendix 1. And themot analyze questionnaire data and draw

conclusions which will help choose the optimal arigation of production improvement model.

3.4.1 Analysis of questionnaire results

A questionnaire was sent to 45 industrial comparbas only a few answered. So | decided to
go into three of the companies that their prodwats different but similar in their production
volumes.

Summary data can be made to the following conchssidotal 84 persons were interviewed, 23
of them were UAB EMP Recycling personnel. 4 of whigere carried out in the interview, the
other 19 completed questionnaires on their own. UXBinta was interviewed 44. 10 of them
interviewed former interview, 34 completed questiaines on their own.

In VAE Legetecha was interviewed 17. 8 of them nviaved former interview, 9 completed
questionnaires on their own.

Respondents divided equally by gender: 69 men'slt&ndomen’s. Therefore a large part of her
men's, in firms to work more engineering works, reh@en are able to work better than women.

The average age of respondents was 25 - 40 years.
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Education

M secondary education
M vocational education
m higher education

M university education

Fig. 16 Distribution of respondents by educatiorele
We see that the dominant level of education isiaewsity, so that the majority of respondents
were from the technological, marketing and puraigsdepartment. Most workers are with

secondary and vocational educations it is 38 %.

Of the job distribution of respondents:

Duty position

m ground-level
m middle lavel

W lead level

Fig. 17 Distribution of respondents by duty positio

From 5 and 6 questions possible to determine thevcompany's employees and the company
itself is ready to cope with more frequent prodartl product change. Most respondents argued tha
the introduction of a number of problems, but theyckly removed. Perhaps it is because the firm

Is sufficiently flexible and responsive to markdtanges as the market for some time is the
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reinforced enough. The company, which until nowehawgt yet to the non-, is hardly likely to have
engaged, or their flexibility is not relevant.

On the other hand, visible to both staff and conyganoduce products as are used, as place of
manufacture, use of facilities and so on. Howewerkers would be alright if the specialization of
production would be upgraded. Because employeesftme tired and poorly motivated to work in
the same work and they had a positive attitudeHerorganization, grading of products in certain
categories and their treatment under the categdtiesan interesting work, employees feel more
responsibility for their work and to better see tasult. It is built around a smaller team, whicasw
not far larger workshops, it would allow more warkéo communicate with each other and she
would motivation and sense of responsibility forrkoelated.

In the higher-ranking workers in the organizationtlee production chain, as well as the
enthusiasm seen in the case of closed bars ideazrding to them, production management
should become operational, easier and faster.

However in the company "EMP" has raised conceras ithmay be rather difficult to classify
products into categories, product nomenclaturesidaage and they require a varied level of

processing.

Do you know what is Lean?

® Do not know
25% m Something heard
Somewhat aware

M Yes, | know

Fig. 18 Distribution of respondents by knowledgewti_ean

From 9 and 10 questions possible to determine th@ncompany's employees know about
Lean, only 10% know what is Lean. Most of employeely heard about Lean but don't know why

Lean need. 23% residents nothing heared about &méhean tools.
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Whatdo you think Lean raise
production efficiency?

mefNot
M » Probably not
W = | think that will raise

o » Definatlly yes

Fig. 19 Distribution of respondents by efficieneysing implementing Lean

From 11 question possible to determine what mdstemployees 70%, thing what
implementing Lean really can raise production éficy. Answered on this question when

explained what is Lean, how is work and given exlasifrom other companies.

What the difficulties are to implement Lean?

B + Lack of information

M * It is not clear how to get started
™ = High cost
H « Workers" attitude

Fig. 20 Distribution of respondents by difficultissimplementing Lean

From 12 question possible to determine what mifistult are lack of information an not clear

how to start implementing.
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Can easily elect the most appropriate
Lean tools?

3%
M * No, because it is not clear

how to select

21%
M+ No, because you should

read a lot of literature

e It is difficult, since a large
body of Lean tools

e Yes

Fig. 21 Distribution of respondents by selectingh.¢ool

From 13 question possible to determine what mibtult are select tools because is not clear
how to select most appropriate tool. 35% resporsdeay what select difficult, because need are
lack of information and need read a lot of literattspend more time to reading. Only 3% residents
say what select tools are not difficult, becausy thave experience from previous employment.

After the questionnaires analyze can say that pradtiems comes from choosing the right tool
or a lack of information for start implementing lne®ecause its a big problem to companies which
want implement Lean, in may work | will taken inszcount for development of production

efficiency models.

3.4.2 Correlation analysis of the questionnaires

The examination of the questionnaire and collectat®, there is a number of questions that
they want to find the answers in terms of the logtween the subject, it would be interesting to
know how to rank or education about communicatioobfems of a lack of inter-linkages with
other aspects of each other, and so on. Whethereays of correlation What links.

To make sure that respondents reliability was dated on the coefficient of variation, which
are usually available for analysis of data reliapil

A statistical measure of the dispersion of datafsoin a data series around the mean. It is
calculated as follows:

V= ; X 100%; (2)
where:

V - coefficient of variation, %;

o - Sstandard deviation;
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X - expected return;

The coefficient of variation represents the rafithe standard deviation to the mean, and it is a
useful statistic for comparing the degree of vasrafrom one data series to another, even if the
means are drastically different from each other.

2 _ X(x—x)%n

o

o - dispersion;

X - expected return;

X - average expected return;

n - the observed number of cases.

Without knowing something about how data is dispersneasures of central tendency may be
misleading. Measures of dispersion provide a monepdete picture. Dispersion measures include
the range, average deviation, variance, and stdrttiasiation. [12].

Standard deviation is calculated as follows:

T(x—0)%n
R (4)

Standard deviation shows how much variation thefeoim the "average" (mean). It may be

o=

thought of as the average difference of the sdooes the mean of distribution, how far they are
away from the mean. A low standard deviation inisdhat the data points tend to be very close to
the mean, whereas high standard deviation indicat#éghe data are spread out over a large range
of values. 11].

Set the coefficient of variation of different quative assessment:

Variance ration - measure of the randomness auairgeries. Variance ratio is computed by
dividing the variance of returns estimated fromgenintervals by the variance of returns estimated
from shorter intervals.

e To 10% - slight variation;
¢ 10 -25% - average variation;

e more than 25% - big variation.

The smallest possible variation in the reliabilgly answers. Taking advantage of Microsoft
Excel was calculated for each variable on the ayeeexpected value, variance, standard deviation

and coefficient of variation.
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It appears that the coefficient of variation isg@renough, but it is, however, that the survey

responses were very diverse, and the same optiers Mmited. But this does not prevent us to

further analyze the particulars of the data andyarsato draw conclusions and generalizations.

table. 11 Respondents from the average expectadwvahd the fluctuation characteristics

Aver .
. . Coeffi
. age Disper Devia .
Variables . , cient of
expected sion tion o
variation
return
1) Gender 15 0,24 0,51 33,9
2) Age 2 0,87 0,95 23,7
3) Education 3 2,01 1,44 72,1
4) Office, function 2 1,50 1,28 28,0
5) Problems with new
products 1 0,90 0,92 46,1
6) Problems frequency 3 0,4% 0,63 630
7) Desired work 4 1,21 1,1( 36,8
8) Promotion 3 2,80 1,72 429
9) Knowledge's 2 0,84 0,94 31,2
10) Implementing 2 0,89 0,9% 47 9
11) Efficiency 2 0,90 0,95 47,5
12) Difficulties in
implementing 2 0,83 0,91 45,9
13) Selection of tools 2 0,80 0,95 47,8

Analyzing the correlation between the questionnainere the subject is found in relationship

table. 12 Correlations matrix

1 2 3 4 5 6 7 8 9 10 11 12 13
1 1
2 1025 1
3 1-06 -0 1
4 |03 -0 049 1
5 (059 0,18 -04 04 1
6 [-02 0,32 0,13 -0,1 O 1
7 |003 -03 -03 0,22 -0,1 -05 1
8§ 02 017 -0,2 0,32 0,19 -0,1 0,27 1
9 (0,12 0,42 0,53 0,12 0,29 -0,2 0,2 -0,1 1
10 |0,24 0,26 04 -0,1 0,21 -0,1 0,01 0,2 0,2 1
11 |o,18 0,03 0,38 0,55 0,17 -0,1 0,04 -0,2 0,14 0,01 1
12 |o,11 0,34 -0,2 -0,3 0,12 -0,2 -0,1 0,15 0,61 0,2 0,08 1
13 |o,02 -0,2 -0,5 0,29 0,32 -0,3 0,26 0,2 0,19 0,19 03 0,32 1
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It appears that the first question on the correhatf gender with a 5 question, which were
asked how often confronted with problems of coaation to another product. On this basis, it
appears that women may have more difficulty whemngimg the productive technology,
implementing new product and so on. Men quicklewotriand accelerate take-up of developments.
Also, women may have more problems because of éspondents; mostly women can work
directly with the products, while most men worktle higher position, and therefore naturally face
little with industrial problems.

In regards with the question 3 on the formatiomoficeable correlation with the question of
responsibility. This is natural and understandabilece most companies formed in practice in the
higher positions in accepting people with higheuaadion. And all this just confirms that the
questionnaires have been answered more or legsafairanalyzing of our system is effective.

Furthermore, we can see that question 9, whiclesieimplementing Lean, is correlated with
the other issues, the respondents age and educhktmmn this we can decide that the knowledge-
based Lean depend of education and age. The higlheducation level, the more respondents had
heard about the badness. Also are similar to teeo&the respondents. The ages of the respondent
are over the less heard about Lean. It seems therethat older people do not have a lot of
knowledge because the Lean was described in 199Wbmack so most of the educational
institutions have recently started to teach ab@ar.

We see that questions 12 to 9 have a high comwelalihis is an issue of the difficulties arising
from the introduction and development of knowledfeut Lean. The majority of the respondents
are aware of that Lean can tell you more abouptiential difficulties implement this system.

Dependence on the opinions of the duty also visainld whether they can raise production
efficiency Lean. The dependence of the senior postis growing. It seems, therefore, that
universities teach about the production, orgaroratefficiency improvement. However, | tell the
lower level of education of the respondents alswamed that the introduction of Lean can increase
the manufacturing efficiency.

There is a weak correlation between 3 and 11 issles to manufacturing efficiencies, and
install Leann education. The higher the educatewell the more claims that higher efficiency will
be obtained.

Correlation is visible and between 2 and 13 subjdaght-dependence between the estimated
severity and age. It is obvious, since older pebple more experience than the younger.
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3.4.3 Conclusions and suggestions

According to the research objectives formulatethenbeginning:
1) A metal-processing sector development trendesearch:

¢ Production structure analysis;

e The number of enterprises of the sector trend arsaly

e industry, general business trends analysis.;

2) A process of raising the efficiency of produantia industry surveys.

e Correlation analysis of data.

can form some conclusions:

Industrial Condition deteriorated, and ability to compete in decline

It is clear from the data submitted by the Depanired Statistics, based on this information
need to wonder why is behaving. It is thereforeessary to consider the worst version of the
industry's ability to compete in rapid decline atie appropriate action to restore Lithuanian
industry can be an insurmountable task.

Observed a lack of employee motivation, arising from higher-ranking employee.

Account must be taken, because even if not instaieeady developed any innovative
performance improvement model, they have motivataff of this great era of competition is very
important. Some staff are no reasons, in fronthef quality of work, so suffer the undertakings.
And this is very important for a high-tech companie

Currently, most companies are only heard what ianl.eout knows little about how to
implement, does not know how things are going. T$ &0 that Lithuania is not very popular Lean
system. Lean prosper seemingly hampered by theotddradition of manufacturing management
and reluctance to change anything,

However, in these times, which offers enterprised eurrently are implementing significant

competitive advantages over those that are notteaout Lean system.
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4. Production efficiency increasing model for metaprocessing companies

4.1 Production efficiency increasing model

Efficient manufacturing can be called such manuwfacy using which the product will be
manufactured in as shorter period, qualified antthwie lowest usage of raw material.

After analysis of another authors literature as toeed before, the most appropriate for the
increase of efficiency of manufacturing are primegpof Lean manufacturing. This is not enough

having a wish to create model, so other tools amadoused for this such as derived from Japan,

Italy and other countries.
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Fig. 22 Raising production efficiency model
Model of increase of efficiency of manufacturingiecsts of 3 stages
1) Analysis of present status (Fig. 23);
2) Future value stream map (Fig. 24);

3) Implementation (Fig. 25);
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4.2.1 First stage for implementing model
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Choose targets < s e sodiigRion Ejela Quality improvement
G) A A
% 1.3 l 1.1 | 1.32
b Choose the " .
: ©—— Pareto 80/20 rule  }— Boston Matrix
wn selection tool
S J J
14 . 1A g e afion 14ﬁman aricl the 1.43
Drawing value 2 collected fom the. | —— Video surveillance
stream map 4
observer
o -
15 1.51
Searching for 4 i i
e L p— Using 7 waste' tools
ee——ee
z

Fig. 23 Raising production efficiency model stage |

Present status is being analyzed in the first stagmts segregated in this stage are such:

1.1. The products group is being composed, the evhmdduce manufactured by the company
Is being taken and the grouping is being done lpr@piate features. The table should be done
simply for this where products would be listed ahdir features above. In such a way putting
crosses by each product we could separate grouyp®adiicts easily.

1.2. We are choosing criteria under which we amass#ing the group of products. Three
criteria are being given in this model, but othan @also be chosen and it belongs on the target the
company is reaching. It can be decrease of manufagtcosts, saving of manufacturing cycle or
improvement of quality..

1.3. We are choosing the separation tool. Separatiol is for the reason that we could take
off the products giving the biggest benefit as waste and we are taking them off from the group
of products. Some separation tools given are:

Parett's rule or 20/80 rule that says about 20%ffurts give 80% of results, and remaining
80% of efforts —20% of results only.

Boston matrix, after using we can group products ifour categories: requiring a lot of

efforts and giving minor result, a lot of effortsdagiving majors result and vice versa.
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1.4. We are drawing a future value stream map.tiie reason we are to list operations in
such a row in which the product of its purveyanoegthrough working centers. We are also to
have times that are being got by measuring withctirenometer the time spent in each working
center. In the same way the time of purveyancedetail road between working centers is being
calculated. Three ways of collecting required @gatabeing used for reaching this target:

o Information is being collected by surveyor fromdsesi
o0 Video survey is being used;
o Kaizen meeting with workers that are given the iinfation by themselves.

1.5. The weakest grid is being started to be sedrdtaving a map. Fore ach person can
understand different in such case 7 waste tooldanmeg suggested to be used. As given in the
table below.

4.2.2 Second stage for implementing model

k. -
2.1 2.1 | (212 | (213
Reduction of | 4 i ; I | : 2 . -
e < | Brain Storming Problem-solving tree Kmmmeabngz J
4 . J L J
(1) 5
2.2 ; - - : .
% Select tools from 7 224 222 2.23
-— waste matrix < — Kanban = £g § | Pl Vi
7p)
— ) ) )
- i : . |
- 225 2.24
— Cell facturi A3
Drawing future ell manufacturing
value stream map
. v,
s

Fig. 24 Raising production efficiency model stage |

2.1. The weakest grid is under try to remove, veetshat ideas generation, how to remove it.
Method of brain storming, tree of problems solutayrKaizen meeting is offered to be used here.
2.2. We are choosing tools for removing the weakest. The matrix of suggestible tolls is

composed for this reason.
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table. 13 Lean tool selection matrix.

Po
Wastes/structure Ka 5S ka- SM CeIIngr A3
nban ED manufacturing
Yoke

Overproduction H L

Waiting H L M M

Transport H M M

Inappropnate M H
processing
_ Unnecessary H L M
inventory

'Unnecessary H H
motion

Defects H M

Overall structure L M

Notes:
H - High correlation and usefulness
M - Medium correlation and usefulness

L - Low correlation and usefulness

The typology of the seven new tools is presentedenms of the seven wastes already
described. In addition the delineating of the olferambined value stream structure will be useful
and will also be combined as shown in the left goluin Table I. Thus, in order to make
improvements in the supply chain it is suggesta tigat at least an outline understanding of the
particular wastes to be reduced must be gaineddefioy mapping activity takes place. At this
point it should be stressed that several of thersewapping tools were already well-known before
the writing of this paper. At least two can be meigal as new, and others will be unfamiliar to a
wide range of researchers and practitioners. Wot, however, there has been no decision support
mechanism to help choose the most appropriateotaolols to use.
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4.2.3 Last stage for implementing model

2.3. The future value stream map is being drawrsoAhe map with all changes of the

present map is being drawn with icons of used tools

3.1 %
Implementation of

new value stream
map

I '_

32 321
Observation {"—h { Kaizen meeting

Il stage

..3.22
Reduction of
weakness

Fig. 25 Production efficiency improvement model stage 111

3.1. Implementation of the new future value streaap (3 pic.). During this stage activities for
implementation of the new future value stream nmrapb&ing taken.

3.2. Supervision In this stage the supervisionamd done on the newly created future value
stream map Changes in the beginning of installnoergven in the active process are possible
Kaizen meeting is under preparation for this reasnd ideas with generated improvement are
being discussed here.

4.2 Waste removal inside companies

The rationale underlying the collection and usehas$ suite of tools is to help researchers or
practitioners to identify waste in individual valseeams and, hence, find an appropriate route to
removal, or at least reduction, of this waste.

The use of such waste removal to drive competiadeantage inside organizations was
pioneered by Toyota’s chief engineer, Taiichi Ohaad sensei Shigeo Shingoand is oriented
fundamentally to productivity rather than to qualitThe reason for this is that improved
productivity leads to leaner operations which helgxpose further waste and quality problems in
the system. Thus the systematic attack on wastalsis a systematic assault on the factors
underlying poor quality and fundamental managenpeablemsg]. In an internal manufacturing
context, there are three types of operation thatuadertaken according to Mondgn[These can
be categorized into:

1) non-value adding (NVA);

2) necessary but non-value adding (NNVA); and

3) value-adding (VA).

The first of these is pure waste and involves uessary actions which should be eliminated

completely.
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Examples would:
e include waiting time,
e stacking intermediate products
e double handling.

Necessary but non-value adding operations may Iséefuh but are necessary under the current
operating procedures. Examples would include:

e walking long distances to pick up parts;
e unpacking deliveries;

e transferring;

e a tool from one hand to another.

In order to eliminate these types of operatiowauld be necessary to make major changes to
the operating system such as creating a new layoatranging for suppliers to deliver unpacked
goods. Such change may not be possible immediat&ue-adding operations involve the
conversion or processing of raw materials or semstied products through the use of manual
labour. This would involve activities such as:

¢ sub-assembly of parts,
e forging raw materials

e painting body work.
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4.3 Model testing on real company

The best is to check is the model well for usagéhes testing of it on real company. For
grounding only with theory we can not to declarat tithe same comes out in realty. For this | have
been looking for the solution how to check the\atstiof the model.

For the reason | am working in such profile comp#mt fully matches criteria of model of
increasing the efficiency of manufacturing creabgdmyself, so | have decided to make model
testing on company UAB "Arginta". It is even fewayehow Lean is under installment in the
company, so Kaizen group is composed that is ngeetch week and is solving problems risen in
the manufacturing. As | have started my work in iAt@ | became very interested in the
installment if Lean, so | have offered to implem#rg model created by myself in the company. |
have succeeded to prove the manufacturing direstdrleader of manufacturing that this model
will really increase the efficiency of manufactugijrso | have risen this target for myself.

| have started implementation of model of increaksenanufacturing from the | stage and the

step 1.1. positioned in this stage it means froenstlection of the product or group of products.

1.1 Select product group

It is necessary to select group of products withctviwe will increase the efficiency of the
product in this step. For the reason products undigr is being manufactured in the company, so
the list of all clients should have been done togetwith groups of products that are being

produced to each of the clients.

The main clients of the company:

ABB — It is a concern of electricity industry conmpas that joins ABB plant located in various
countries. ABB produces electricity transformers fogh speed electric trains, high voltage
electricity substations and etc. In Arginta mostignufactured parts for substations, it is a body fo
transformers tanks, oil overflow conservators amwekcs of transformer tank. Also, transformers for
the high speed trains are being manufactured.

Mansarps - This Company specialized in train mastufang industry. Electric train snow
cleaners are being manufactured in Arginta.

Silentor — company that designs and manufacturémest tubes being used in shipping
industry. Products manufactured by it are beingpbep to Rolls Royce plant. Arginta
manufactures fully welded, semi painted and pagkediucts that are being supplied to shipping

plant directly without mediators.
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Metso - giant of paper manufacturing. This compalegigns and constructs paper plants.
Various details are being manufactured in Argin@uding fully complied nets.

Clients listed above are the biggest composingbthgest overturns. There are a lot of other
clients, but they are not as important as listed.

Using the paret's rule three categories of thentdidhave been composed including appropriate
characteristics:

e A category contains clients the products of whiompose 80 perc. of welding works
in Arginta and 20 perc. of other type works inAtso with achievable profitability of more
than 10 percent. Number of orders that can attnaetturn of 500.000,00 Eur..

e In B category listed clients in orders of which dia and gathering composes 80
perc. of works. Also as in A category profitability to be higher than 10 perc. Annual
overturn has to compose more than 500.000,00 Eur...

e To C category all other remaining clients are ideld that are not matching above

mentioned categories.

Customers categories

A category B category C category
The production profiles: .
Welding 80% The production All other orders.
Other operations20% profiles:
- Welding + Assembly
Profitability: 80%

More than 10%
Profitability:

More than 10%
Annual more than 500.000 | Amount of the order:

Amount of the order:

EUR
Orders Equivalent of ém?ua\more than 500.000
months

Fig. 26 Customers categories

For the reason clients of A category attracts nbstenefit for the company, so i have chosen
product of the client of this category. These amers of concern ABB that are being made in
projects. Three products compose one project it is:

Tank;

Conservator;

Cover.
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1.2 step — to choose target§he main reachable target is to be set in tligesiThere can be
very many targets as decrease of manufacturing cy@lreduce manufacturing residuals, reduce of
raw materials, to improve quality of the productl atc..

As we see in model of increase of efficiency of ofanturing 3 offers are given, so we have
adopted all these offers. It means:

1. Reduce production costs;

2. Reduce production cycle;

3. Quality improvement.

To reduce production costs we have chosen forceedd the costs increases profitability
automatically..

To reduce production cycle we have chosen for thenlg higher competitive advantage. For
the time of manufacturing of product is one of thest important questions for the client.

To improve the quality we have chosen for prodeatiered by the client is to be of very high
guality for these will be used in high hazard desic

1.3 Choice of the selection tool<riteria grounded on which we will choose the praids to
be chosen in this stage. For the3 classificationliehts into categories has been composed in the
company before, this stage has not been necessheydone.

1.4 Drawing value stream map.

Value stream map is being drawn in this step. Rerdrawing of the map it is required to have
appropriate information for getting which variougtimods can be used. The dimpliest method has
been chosen for implementation of this model, svestors have been chosen for collection of the
information, between which i have also been. Theanmormation has been collected:

e Chronometry of times of operations means machinepaeparative;

e Distance between working centers is being measured;

e The time needed for transmittance of purveyance fome working center to another
is being calculated;

e Spageti made trace is being drawn;

e And other.

1.5 Searching weaknesdn this step the weakest place has been searchedttle necks. For
this 7 waste tool has been used.

A lot of useless movements have been found. Thgelsigproblem is movement of spageti
between working centers for working centers arbigndistance between each other. A lot of other

wastes have been found, | will discuss them later.
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When all 5 steps are implemented in the first stéggn we came over to the 2 stage, where
problems are being solved.

2.1 Reduction of weaknes¥Kaizen team has been composed in this stagecdstaisolve how
would be possible to remove problems or to minintlzem. Kaizen team has been divided into
three teams that have to make offer separately &ach other about possibility of solution with the
problems and to write it on leaf. Later all teanasdnbeen called and they described own ideas for
solving the problems. All ideas have been writtenstickers and these have been affixed on the
blackboard. Fields with written problems have beemnked din the blackboard. Later the best ideas
have been chosen by using the Parett's rule 80/20.

2.2 7 Waste tool matrixhas been also used for solution of the problemthis step is offered
which sort of the problem Lean tool matches thet.beaying attention on the problems raised

before the majority of offered tolls has been coses:

° Kanban;
° 5S
° Cell manufacturing;

2.3 Drawing future value stream map In this step the future map has been drawn. atad
has been inserted not like existing, but like p&hor foreseen. It is not as easy to plan timéeg t
should be for details to come from one working eetd another.

When all 3 steps in the second stage are implemgetiten we came over to the 3 stage, where
ideas and improvements are being implemented.

3.1 Implementation of new value stream mapThe drawn new future value stream map is
being put under implementation. This part is thesnaifficult and this has been done:

working centers have been transmitted;

kanban shelving have been built;

details that have been put into kanban have beeanfiactured,;

guantity of saving raw materials has been reduced.
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4.4 Main problems and solutions

4.4.1 Reducing raw material inventory level

Problem:

1) It is difficult to manage the metal accounti{@reate a lot of steel sheets coding number, are
many code number now not using);

2) Need more space for storage different code rsaests.

3) Frozen money;

Offer:

1) Preview all using metal codes to elect the rfresfuently used, delete unnecessary.

2) If remove all unnecessary steel sheets, wilsoame less space.

3) Finding suppliers who could set up on consignmerehouse.

@ MONITOR [001] - UAB Arginta - [Gaminiy sanasas - sandelys]

iy File Edit Show  Zoom  Settings Modules  Window  Help

m E Elﬁlm E G Gaminiai - sandélys  Reikiamy medZiagy planavimas  Esamas invel

i1

.E!. E~. Create | = Display List || o Preview
fﬂ Part number Hame T Stud, price P-coc
- M2-1-u,5-énr lakEtas 0,5*2500%1 230 5235 & P 1056 M2
= M2-1-l],8-§m' lak#tas 0,6*2500%1 230 5235 v P 16.90 M2
e M2-1-1-8/V lak3tas 1%2300% 250 5235 & P 13.40 M2
3 M2-1-1,2-§N lakitas 1,242900%1 250 5235 S P 2534 M2
4 M2-1-1,5-P lakatas 1,5 perfor. Q3-8 juodas pl P EE.O0 M2
M2-1-1,5-PERF_LA lakEtas 1,5 perfor lapaiz be padeng P 7535 M2
3 M2-1-1,5—§N lakEtas 1,5%2500%1 230 5235 & P 3168 M2
. M2-1-1,5P lakEtas jpl 1,5 perfor. Qg10-13 P EE.00 M2
Fig. 27 List of raw in ERP system Monitor
table. 14 List of sheets metal
Now Offer
Steel sheets codes 151 Reduce to 70
Stainless steel codes 160 Reduce to 50
Steel/Stainless steel bars codes 324 Reduce to 170
Steel/Stainless steel bands codes 311 Reduce to 150
Steel/Stainless steel tubes codes 766 Reduce to 200
Other used profiles codes 176 Reduce to 100
Total | 1888 740

Total Steel and stainless steel sheets areackssare:
New sheets + used sheets = 1795- /%67 nf = 2362 M

If reduce material codes from 311 (151+160) to @50), when will used total area :
987 nf it is only 42% from 2362 fn

Total frozen money in warehouse:
In metal sheets: 428,707 Lt.
Total : 500,573 Lt.
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If suppliers set up consignment warehouse in Aggititen we could reduce frozen Arginta metal sheets
area, from 1795 frto 420 n.

Then Arginta can safe money:
1795-420=1375 f

Average 1 rh= 238 Lt/ nf.

1375*238=_327,250 Lt.

Found company which can set up consignment warehous
e Be Group;

e Melesta;
e ltalinox;

4.4.2 Implementing kanban
In one project consist:

table. 15 Parts in projects

Different parts in each project | In each project same parts
Tank 34 13
Cover 7 6
Conservator 10 7

For assemble conservator need 10+7=17 differetd,datal time of prepare parts to welding:

table. 16 List of parts in conservator

Part Time Unit
KZOKA100A50A02 3.18 1
KZOKA200A50A02 1.776 1
KZOKA300A50A02 3.324 1
KZKAC015248A5703 9 1
KZKAC015249A5703 9 1
KZKAC015250A5703 8.7 1
KZKAE015251A5703 4.3 2
KZAPL150BSA05 49 1
KZAPL150BUAO3 A 66 1
CZOXMO015 5.324 2
KZAPL95BUAO4 39.4 1
KZKAXY005 5.358 2
C400006_A 8.622 2
KZKAG015255A5703 11.3 1
KZKAX003 6.144 1
KZKAG015256A5703] 16.83 1
KZAPL550BUA02 38 1

80.316
223.188
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Time for producing parts:

Parts from kanban + other manufactured parts =183-223.188= 303.5min = 5 hours

If checked parts we put to kanban then we couldameall parts to welding:

223.188 min = 3.72 hours , it is faster on 26.5%

table. 17 List of parts in cover

Part Time Unit
KZMK015185A5703 70 1
KZOKA300A50A02 13.71 1
KZAPL165BSA02 38.648 1
015198A5703.01 2 2
KZAPL165AUA06 29.034 1
KZMTR015430A5703 | 17.455 1
KZMTAF019869A5703 2.56 1
KZMTAF019871A5703 2.66 1
CZOXMO015 5.324 4
KZMSAA10A02 51 1
KZMSAB30A10A04 22.393 1
C400006_A 8.622 2
KZKAX523 8.622 1

111.872
148.102

111.872+148.102=259.97min = 4.33 hours

If checked parts we put to kanban then we cowgame all parts to welding:
148.102 min = 2.468 hours, it faster on 43%.

Tank
174.382+1281.299=1455.68min = 24hours
If checked parts we put to kanban then we couldameall parts to welding:
174.382min= it faster on 12%.
For all project time: 1455.68+259.97+303.05=2018ii
Safe using CANBAN:174.382+148.102+80.316=402.8min
It is 402.8*100/2018.7 = 19.95% faster;

78



How much cost Kanban?

For one project parts from kanban safe 402.8 rtisamean that for this parts produce are used 40 &
6.713 hours.

One hour for producing cost 60Lt. (for worker payenachine depreciation..);

6.713 x 60 =402.8 Lt for one project;

In one week approximately are 4 - 5 project, then:

402.8x5 =2014 Lt/week

For month are: 2014x4= 8056Lt.

For support CANBAN system in moth cost approxirhat800Lt.

But all project are not identical, in some projpatts from kanban can be more using or less, tleepul/

safety coefficient - 1.3.

Total frozen money using kanban:
8056*1.3+500=11.000Lt/month.

4.4.3Reducing Lead Time

To reduce lead time we move some machine in naeepl
e Turning machine;

e Milling;
e Drilling;
Change position:
e Bending machine;

e Rolling machine;
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Fig. 28 Spageti diagram of parts moving

Moved some machines to new place:
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Fig. 29 Moving machines
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All machines we put to one place for make streamdlygction. All parts from laser, plasma and

saw cutting machines goes to one line, when pagtfirashed they moved to parts buffer zone.

Some parts don't need finishing then from laskasrpa or saw cutting machine they
directly moved to parts buffer.

> Parts buffer

Rolling

Bending Bending Cutting

o

|
Turnmﬂ

Turning

Milling

et

D

1 Parts buffer

Laser

o

.Saw cutting

Fig. 30 New layout

s I B

Metal sheet
warehouse

I

T

I

Using new map, we reduce time for parts transpgortain old map, the seen that parts moving
from one place to another workshop, whole all plant

When one work center finished their job then @ag moved to another workshop until part are

finishes. Finished parts are stored in parts buFerm buffer all parts moved to Welding place.

With new plan, distance from laser to another waahter:

table. 18 Distance between work centers

Work Was, meters Now, meters Save time, seq
center

Milling 43 8 25

Turning 38 7 22

Drilling 27 5 16

Rolling 10 9 1

Metal sheet | 12 9 3

warehouse
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Approximate speed of walking are 5km/h;

Then within one minute's walk the path are:

5000 (m/h) /60 (min)= 83(m/min)

Then save distance:

43-8 =35meters,

Save time:

35*60/83 = 25sec.

During the approximate one sift walking distanog at0400 metes ~10.4km.
Using new map: 3040 meters;

Save: 7360 meters = 71% less.

If one worker hourly price - 60Lt., then one sludfist 60*8=480Lt.
If reduce walking distance up to 71% then compaowld save 340Lt/day or 6816Lt/month.
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4.5 Curent value stream mapping
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Fig. 31 Curent value stream mapping
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4.6 Calculate the cost of improvements and expectedsults

Savings on reduce inventory level Lt/month

600000

500573 Lt.

500000 -

400000 -

300000 -

200000 -

173323t

100000 -

04
Now Using consignment warehouse

Fig. 32 Savings on reduce inventory level

In the diagrams shown above we can see in firaineol results that have been before the
implementation of model of increase of manufacwreificiency, and in the second — after the
implementation. As we can see, the differencedarty seen.

After reduction of quantity of storing raw materidlis possible to save from 500.573,00 LTL
up to 173.323,00 LTL of frozen finances. This cosgm only 30% of all frozen finances, and
remaining 70% can be used for other targets. Bdhse, efficiency of usage of finances in storage
of raw material would increase by 2, 9 times.

SAVE TIME USING CANBAN

min.
2500

2018.7min

2000

1615.9 min

1500

1000

500 -

Without CANBAN Using CANBAN

Fig. 33 Saving time using kanban
After using kanban, the cycle of details manufaommwould decrease from 2.018 min. till
1.615 min. It composes 80%, remaining 20% of timmuld decrease by 20% of manufacturing
time. This saving of time can improve competiticlvantage, company can also start the next order
faster, so it can manufacture more products inteshtime that bring bigger profit.
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Reduce distance

80

70 4

60

50

40 4

30

20 4

10

Old map New map

Fig. 34 Reduce distance

As we can see in picture, logist’'s day trace in phent would decrease from 10.400m. till
3.040. it is almost 3,5 times more efficient thaidoe. After saving the trace of logist, it can mak
other works, so company can save up to 68.16,00 pdi.month. Also the possibility in details
missing will become less.

Total: 334.066 Lt/month + 20% reduce time;
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Conclusions and suggestions

After making analysis of scientific — methodic taéure in the theme of increase of efficiency
of manufacturing | have described the main desorpt | have analyzed various aspects of
manufacturing organization, have deepen into pgeiesi of manufacturing possession and
analyzed Lean tools choosing principles payingnétia on criteria set in the companies. By
applying the chosen system | have analyzed modes$ mostly match specific of the
companies in case analyzed by me also the cononptevable targets. | have analyzed these
models in analytical part.

After choosing the models mostly appropriate fa #ne of metal manufacturing companies, |
have also describes methodic of the choice ofitbdels under which i have chosen the most
actual tools from the majority of Lean tools foetimprovement of manufacturing process.
Having made detail analysis of these chosen mobkk/e understood that no one is matching
sector under my investigation for each has advastag well as disadvantages.

In the second part information about surveys afdseof industrial companies’ development is
given. | have taken in an account data given byabftepent of Statistics. After totalizing
statistic data, we can see that sector under asaiysacting positively and bettering in
Lithuania. Sector is invisible with high variatiogapeaking about activity results. We can find
as positive as negative characteristics. Negatmalavbe that being technologic and innovative
group of companies should reach higher results tharket average in this innovative and
novelty time, also paying attention on the factt tfttaeign sales are increasing. Increase of
export would be the positive element for the benelfien companies export is both sided also n
sight of country also n the group of companies:ekpr merchandise balance is bettering in
country size, and groups of companies becomes kmoe/n worldwide, their trade sign is
coming stronger, also this is increasing the urtdeding abroad about well status of the
branch they are working in Lithuania, as one cae, seeaning time results of group of
companies has a trend to improve better than beSwreusing this and paying attention on the
fact that export is bigger and high technical legmedducts are being exported, companies are
constantly to try to improve their activity reachito stay competitive in global market.

In the third part model of increase of manufactgrefficiency created by myself is described.
Also the model is drawn and divided into installmstages. In each of the stages installment
steps included offered tools for their implememtatis named. Advantage of the model is that
all steps are shown in priority together with offértools. For i have missed this after analyzing
ones suggested by other authors, i have a mindniyatnodel would help much for the

beginning companies in installment of Lean.
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Questionnaire has been concluded and sent to thustiial companies. Unfortunately, i have
got to less of filled questionnaires back from weggents, so | have chosen three companies
that match work area and have questioned themesfbndents have been questioned, 23 from
UAB " "EMP recycling”, 44 from UAB "Arginta" and 17rom UAB "VAE Legetecha".
Respondents have been questioned in interviewragdestionnaire. Surveys of questionnaire
have shown that majority of respondents 37 % Hasewpndary education and also working in
the lowest grid 58 % and only 13% in the high oRespondents have been asked do they
know what Lean is and only 10 % have answered kheyv it. Having explained what is Lean
and about is activity, even 70 % Have answered liaging implemented Lean efficiency of
manufacturing will really increase. It can be stiatem correlative questionnaire analysis that
education and knowledge about Lean system is ratbar that as higher education, as much of
knowing it. Moreover, one can mention that dependdretween duties and Lean can increase
the efficiency.

In the final part i have described all installmesft model of increase of manufacturing
efficiency in metal manufacturing company "Argintdhstallment of model of increase of
manufacturing efficiency has been implemented stagjes, as in the model created by myself.
Steps and priority has been done as matching #adext model, also offered tool for solution
have been chosen. Each step that has been impkhnsolving the problems and suggestions
that would help in solving the problems.

Moreover, situation before installment of modelimérease of manufacturing efficiency and
after it has been under valuation. It has beenutaked time of manufacturing of details
composing the product and details repeating in eadar have been separated. We have also
identified what details are better to put into kamistorage. Knowing details that will be kept in
kanban, monetary amount that will be frozen hasnbe&lculated. Furthermore, time of
manufacturing of the product by taking some defailsm kanban has been calculated. By using
kanban system the saving with each product wilk@éo By saving 20 % Company is able to
start other orders and that increases efficieneyariufacturing with 20 % automatically.

Also understood that problem about frozen monegtofage of raw material has been found
and solved. Ways of problem solving are given. ¥adfi stored raw material money has been
calculated, also area used for storing the raw mahtédea has been offered and implemented —
to find suppliers of raw material that could esistblconsignation type storage. Calculated
saving of money after implementation of offerssirch way only 70 % of finances that could
take more benefit than laying in face of raw mailedre being frozen. Having solved the

problem of frozen quantity efficiency would increds 2,9 times.
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9. Another solid problem is solved, it is transmittanof purveyances and details from one
working center into another. After supervisions dane, we have seen that pallets with
purveyances and details are getting missed and seorking centers are waiting for
purveyances for long time. Map of logist's movirgstbeen drawn, in this map the chaos of its
moving is seen clearly. So, the offers has beenenaad implemented. Working centers have
been repositioned each near to other by compoditigiérm cells by granting the flow of
details moving in such a way. Also the distance Wauld be minimized by repositioning the
working centers has been calculated. It comes cthat after implementation of the
improvement, it is possible to save 70 % of time tfansportation of details. After solving

problem of frozen part of raw material, efficieneguld increase by 3,5 times.
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Annexes1
ANKETA

1) Lytis

e Vyras

o Moteris
2) AmzZius

o iki 20m
20-30m
30-40m

40-50m
50 ir daugiau

3) ISsilavinimas
¢ Vidurinis
e Profesinis
o Aukstesnysis
e AukStasis
o Kita

4) Pareigos
o Paprastas darbininkas
¢ Vidutinés grandies darbininkas
o AukStesis grandies darbininkas
¢ VVadovaujagios pareigos
o Kita

5) Kaip daznai pasitaiko problenkai tenka persiorientuoti nuo vieno produkto gaosytprie kito?
e Daznai
e NedaZnai
o Kita

6) Ar kylartios problemos yra pasikartojgos ar kiekvienam gaminiui skirtingos?
o Pasikartojatios
¢ Nuolat skirtingos
e Kita

7) Kaip Jis labiau nastumete dirbti:
o Darbas prie to paties procesojgairiais produktais;
e Darbas prie to paties gaminio naudojant skirtirtgabnologines priemones;
o Kita;

8) Ar esate skatinamas gpti problemas ir siyti sprendimo variantus?
e Esu skatinamas

Nei skatinamas, nei neskatinamas

Neskatinamas

Kita

9) Ar Zinote kas yra Lean?
¢ Nieko apie tai nezinau
o Kazka girctjau
e Tik numanau
e Taip, Zinau

10) Ar diegiate Lean?
e Ne
e Planuojamgsidiegti



e Taip
¢ Isidiegem

11) Kaip manote ar Lean ir joankiy diegimas pakelgnones gamybos efektyvus?
¢ Negali Lean'as pekelti efektyvumo
o Tikriausiai ne
e Manau, kad pakels
o Tikrai esujsitikines, kad pakels

12) Kaip manote kokie yra sunkumai noljsidiegti Lean?
Informacijos stoka

Néra aiSku kaip pradi

Dideli kastai

Darbuotoj; poziuris

13) Ar lengvai atsirenkate tinkamiausius Legamnkius?
¢ Ne, nes neaiSku kaip atsirinkti
¢ Ne, nes reikia perskaityti daug litelieds
e Sunku, nes didélLeanjrankiy visuma
e Taip
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Santrauka. Nagrirgjamas gamybos efektyvumo modeli@riknas, kuris laty lengvai suprantamas ir kuriuaith lengva
naudotis. Nors gamybos modglyra be galo daug.yJgalima priskaliuoti daugiau nei Simt Taliau tokiy, kurie hity
pritaikomi konkreioje situacijoje #ra daug. Tod naujai sukurtu modeliu galimaity pritaikyti ir jgyvendinti bet kurioje

pramores jmorgje. ISnagrigjus kity autoriy literatira, buvo

sukurtas gamybos efektyvumo kelimo moddlis;is yra

pateikiamas nuosekliaigyvendinimo etapais. Kiekviename etape yra {pasii jrankiai, kurie gaity bati panaudojami
sprendZiant problegn Taip pat buvo sudaryta Learankiy pasirinkimo matrica, kumpalengvina pasirinkiirank turint tam

tikra problema.

ReikSminiai zodziai: gamybos efektyvumas, gamybos efektyvumo kelimasibdji gamyba, lean, kanban, kaizegrtes

srauto Zerdapis

ReikSminiai zodziai: gamybos efektyvumas, gamybos efektyvumo kelimasibdji gamyba, lean, kanban, kaizegrtes

srauto Zerdapis .

Ivadas

Gamyba vig laikg buvo ir telera ekonomikos varomoji
jéga. Lietuvoje, kaip ir kitose Europos Salyse yrhogi
gamybos pramais tradicijos, kuriuos gaém savo
gamyniais visame pasaulyje pagamindami kokyhisk
inovatyw; produkf. Tafiau agjos sunkios ekonomikos
laikams - krizei, pasidare kur kas sunkiau konktirsa
kitomis gamybogmorémis. Prasidjo konkuravimas ne

nizavimo modelis yra pasenes, ¢ébdiais laikas tokiu
gamybos valdymo modaliyra sunku reaguoti daZnai
besiketiancius rinkos poreikius. Tad pramorts

jmoréems reikia nuolat tobsti, diegti inovatyvias techno-
logijas, keisti gamybos valdymo filosofija, darbojot

motyvacig...

Gamybos valdymo modeh pasirinkimo analizé

Gamybos modeli yra be galo daug. yJ galima

tik vietingje, bet ir globalioje rinkoje. Pastaraisiai metaispriskatiuoti daugiau nei Simt Tatiau tokiy, kurie hity

spatiai kyla ryty valstybiyy pramor - Indija, Kinija ir
kitos Salys. Didelis gyventojus skais, mazi atliginimai,
bei darbStumas pritraukia pramsn gigantus perkelti
savo gamybaj Sias Salis. Taod Lietuvoje, bei
kaimynenese Salyse gamybos praéoperleidzia
pranaSura ryty valstybiy pramonei.

Bendros zZinios

Kiekviena pramoés jimore stengiasi pagaminti produkt
kuo pigiau, greiiau, ta&iau tokiu atveju nuketfia kokyhe.
Jeigu nukedia kokyke, tai vartotojai vegs toki gaminiy
pirkimo, toctl imores produkcija bus niekam nereikalin-
ga. Tokiy atvep reikia gaminti ne tik pigiau, gréiau bet
ir kokybiskai. $kmés pasiekiama tada kai visi Sie trys
veiksiai yra tarpusavyje suderinti ir gana auk$tsd.

Todél pramores jmorems yra sunkiausia uzduotis,
kaip pagaminti greitai, kokybiSkai ir pigiai. Dauga
Lietuvoje veikiagiy imoniy gamybos, valdymo ir orga-

pritaikomi konkre€ioje situacijoje #ra daug. Modelius
galima suklasifikuoti pagal tipus. Kai kurie modelyra
technirés prigimties, kiti - organizacis ir strukturirgs.
Kai kurie modeliai gali koncentruoti$ informacines
technologijas. Vienq principai yra kit i$ praktikos, ki i$
teorijos. T&iau atsizvelgiani Gideo Halevi bei James A.
Jr. silomus variantus, galima iSskirti tokius pagrintisiu
tipus, paremtus [1]:
Organizavimo sprendimais;
informacini technologiy sprendimais;
technologiniais sprendimais, reikalatigs
technirés jrangos.
filosofiniais sprendimais;
kita.

Kuriant gamybos efektyvumo kelimo mogebe-
riausiai ity koncentruotis tiesorganizavimo sprendimais
paremtais modeliaisyJper dauggl mety atsirado daug.
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Vieni taikyti pladiai, kiti buvo skirti siaurests speciali-
zacijos bei veiklos profiligmorems.
Gideon Halevi pateikia tokius modelivariantus,

paremtus organizavimo sprendimais [1]:

1) Lanksti gamyba (Agile manufacturing);

2) Lastelie gamyba (Cellular manufactur-
ing);
Gamyba "Tiksliai
manufacturing);
Kaizen ZaibiSka sistema (Kaizen blitz);
Taupi gamyba (Lean manufacturing);
Gamybos perdimas pas partnerius (Out-
sourcing);
Virtualiosjmores (Virtual enterprises);
Laiku paremtas varzymasis (Time base
competition);
9) Kokybés namai (House of quality);
10) ir kita.

3) laiku"  (Just-in-time
4)
5)

6)

7
8)

James A. Jr. pateikia panaSius magghriantus,

taciau taip pat pateikia ir nawj2]:

1) "Kanban" sistema (Kanban system);

2) Gamybos sraytvaldymas (Workflow
management);
Produkto gyvenimo ciklas (Product life-
cycle management);
Agenty vedamas péjimas (Agent-driven
approach);
Verslo proceso petkimas (Business
process re-engineering);
Grupire technologija (Group technology);
Vertées inzirerija (Value engineering);
VisiSkos kokytes valdymas (Total quality
management);
ir kita.

3)
4)
5)

6)
7
8)

9)

Vien palyginus Gideon Halevi ir James A. Jr.
sialomy modelyy paremtais organizavimo sprendimais yra
vir§ 30 skirting; pateikty modely.

Gamybos valdymo model pasirinkimo kriterijai

Norint pasirinkti geriaugigamybos valdymo modear
modeliy grupe, tinkartius vienokiu ar kitoki atvey,
galima taikyti kelias pasirinkimo metodikas: viena
paremta norimais pasiekti valdymo modelio tikslais,
kita paremta funkcijomis, kurios pasitarnauja gaos/b
valdymo modeliui. Siuo atveju gylinsiupsnetodiky,
paremi konkreiais tikslais.

Pasirinkimo kriterijus yra nagrée autoriai Gideon
Halevi bei James A. Jr.
Gideon Halevi pateikia daugiau pagrindinius,

tipinius kriterijus, tokius kaip:

e Patenkinti pristatymo laikus - gamybos
planavimas ir kontrel

mazinti gamybos kastus;

trumpinti gamybos laiknuo medziag
pristatymo iki kliento - gamyba,;
tobulinti vadovylés Zinias ir duomen
apdorojim - jmores komunikacija;
patobulinti ir padidinti komandin
bendradarbiavig

kita;

O James A. Jr, nagija modeliy pasirinkimo
kriterijus Siek tiek plaiau. ISnagrigjus jo medziag,
galima apibéZti tokius kriterijus:

Mazinti gamybos kastus;
greitas atsakasj rinkos poreikius
prodikto karimas;

e siekti nulinio broko lygio - kokybs
kontrok;

e patobulinti ir padidinti  komandin
bendradarbiavimy

tobulinti jmoniy integravimy - tobulinti
tiekimo grandir globaliai;
nuolatinis tobulinimas;

Gamybos valdymo modeli pasirinkimas

Modeliy atitikimas pasirinktus kriterijus yra vertinamas
labai subjektyviai, taigi kai kas gali nesutikti gienu ar
kitu jvertinimu, bet Sios metodologijos privalumas tas,
kad kiekvienas gali patgvertinti tam tikro modelio
atitikimg kriterijus pagal readi situacip ir asmenig
patirti, nes visa tai bus taikoma to paties, kuris darys
analyz jmorgje, ir niekas geriau negu jis nezino, koks
modelis Siuo atveju geriausiai atitinka tam tikrus
pasirinktu kriterijus. Bet visa tai reikia padarygries
pradedant vertinimy kadangi ¢liau jau bus prasigjus
procesui galima neobjektyviavertinti modeli atitiktj
kriterijams. Taip pat tam , kad tinkamai atliktiith
atliktasjvertinimas, reikia pakankamai gerai iSanalizuoti
modelius ir jj veikimo principus, jei ne visus tai bent
tuos, kurie iS pirmo Zvilgsnio pasirédgalintys tugti
nors kelis sly¢io taskus su planuojamamores
gamybos valdymo tobulinimo strategija.



Specializavimo pritaikymo galimybés analiz

ISnagrirgjus kelis gamybos valdymo metodus matyti,

kad nei vienas i3yj jei taikyti tik t34 mode], nepaSalina
masy problemy. Taigi reikia priimti jungtin sprendin,
pritaikant kai kurias teorijas iS modelkarty su kitais
tobulinimo jrankiais. Vienas iSyj gali hiti gamybos
specialyzavimas. Tai yra platawka, apépianti daug
jvairiy specializavimo variagt tatiau Siuo atveju
labiau koncentruojames technologie bei daiktire
specializavimo formas.

Specializuojant gamybos progesvisi gaminiai,
daliniai procesai ir operacijos pagal tam
pozymiuspaskirstomi atskiriemsjmonés  struktiros
vientams ir atskiroms darbo vietoms. Priklausomao n
pozymy, pagal kuriuos visigamybos objektai
paskirstomi atskiriems strukiiniams vienetams,
iSskiriamosjvairios specializavimo formos.

Tiek daiktires, tiek technologiés specializacijos
formose yra privalung, kurie mums palengvigtsukurti
gamybos efektyvumo kelimo metad

Procegy tobulinimo teoriniy modeliy analize

Proceg tobulinimas yra pléai naudojamasjvairiais
gamybos valdymo atvejais. Proceso tobulinimo figim
budy yra daug beivairiy. Tai priklauso nuo kiekvienu
atveju skirting situaciy. Taiau nepaisant situagij
unikalumo ir jvairiy proceso tobulinimo modeli
pritaikymo galimybi;, galima iSskirti kelis tipinius
proceso tobulinimo eigos modelius.

1) Vienas iS y gakty buti paremtas "Demingo”
ciklu: planuok, atlik, tikrink ir veik.

"Demingo"” ciklas turi fati taikomas nuolatos, be
pabaigos. Tai iS esym atitinka nuolatinio tobulinimo
savoka - tai turi biti daroma nuolatos, nes tobulumui
riby néra, nuolat reikia per#éréti jmorés veikh,

atsizvelgiant tobulintinus veiklos aspektus. Suplanuoti

tobulinimo veiksmus ir kryptis, tai atlikti ir tiknti,
kokius pakeitimai day rezultatus. Po patikrinimo cikl

galima atlikti wl iS naujo, kadangi visada atsiras

tobulinting pramors jmores veiklos aspekt

2) G. Halevi klausim kélimo metodo taikymo
analiz tobulinant procesus.

Vienas i$ uzsienio autariGideon Halevi gilo Siek
tiek daugiaujmones veiklos aspelgt apimani teorin
organizavimo tobulinimo modgl Pagal j, planuojant
tobulinti organizavim, reikia sau iSkelti 5 klausimus,
kurie padty strukturizuoti tobulinimo programas. Taip
pat, Sie klausimai turi suformuoti
ilgalaikiams procesams, sekantiem po

tikrus

kadangi tobulinimas kaip procesas atskirai gaiti b
baigtinis.

Sie 5 klausimai galiliti tokie:

1. Motyvas, varomojigga - kas yra esminiai verslo
apektai, vedantys prie proceso tobulinimo?

2. Modelis - kuris i§ nurodyt modely geriausiai
atitinka organizacijos praktie

3. Modelis - kaip galima greitai ir efektyviai
identifikuoti tobulinimo galimybes?

4. Vadovavimo pasikeitimas - kokie faktoriai daro
poveik pristatyt; tobulinimo efektyvumui?

5. Matavimai - kokie yra esminiaifaktoriaidiegiant
rezultaystekejimo program?

3) Suvarzym teorijos taikymo analiz tobulinant
procesus. Ji paremta esminiai principais - aksidmon
Keli paprasti procesai (strateginiai klausima¢nesio
sutelkimo  Zingsniai, poveikis-prieZzastis-poveikis),
loginiai jrankiai (galvojimo procesas) ir iS logini
jrankiy kile specifiress sritys: valdymas, finansai,
paskirstymas, projelgt valdymas, personalo vadyba,
perdavimai.

Rementis suvarzym  teorija, kiekviena
organizacijatamtikru duodoju laiko momentu susiduri
su bent jau vienu suvarzymu, kuris apriboja sistemo
galimybe pasiekti uZsibiztus tikslus. Sie suvarzymai
gali bati arba iSorigs kilmés - rinka, arba vidiés.
Norint tinkamai valdyti gamybos sistegnmeikia tiksliai
identifikuoti  suvarzymus bei imtis atitinkam
priemoni;. Laikui bégant suvarzymai gali kisti ir
atsirasti nauji, dto reikalinga nuolatiéa situacijos
analiz.

Esant suvarZzymams,jmorg turi imtis tokiy
veiksmy, kurie padiding srauty per suvarzym (butelio
kakliuka), tai yra - panaikinf suvarzym. Tuomet gali
bati , kad suvarZzymas atsiras kitoje vietoje. Esminia
momentai diegiant suvarzyeorija yra:

1. Aiskiai bei daznai reiksfimones tikslus;

2. Nustatyti suvarZzym- proceso elememnt kuris
neleidZiajmonei pasiekti didesnio efektyvumo.

3.  Nuspesti, kaip tikslingiau iSnaudoti
"suvarzymy". Jsitikinti kad suvarZzymo objektas veikia
pagal paskiitir atlieka tai, lg ir turi atlikti nedarydamas

jokiy papildomy nereikaling operaci.

4. Sukordinuoti kitus procesus, susijusius su
suvarzymu siekiant kuo efektyviau iSnaudoti suvaray
objek.

5. Padidinti suvarzymo elemento pgjimus. Jeigu
reikia, jsigyti papildony resurs, jei esamosjrangos

pagrindinius pajegumy neuztenka.
tobulinimo,



6. Jei vig Siy veiksmy pasekoje suvarzymas
persilkele j kita gamybos ciklo viet ar objeks, reikia
imtis veiksmy nuo pradai.

Gamybos efektyvumo kelimo modelio &rimas

Efektyvia gamyba galima vadinti tokia gamybkuria
naudojant bus pagaminamas produktas per
trumpesi laika, kokybiSkai ir kuo maZesniu Zaligv
sgnaudomis.

ISanalizavus prie$ tai mita kity autory literafirg,
geriausiai tinkanti gamybos efektyvumcelikaui yra
"Taupios" gamybos (Lean manufacturing) pricipai.
Tatiau vien to nepakanka, norint siutki modej, tam
naudojami kitijrankiai, kurie kit i$ Japonijos, Italijos ir
kity Saliy.

Gamybos efektyvumo
sudarytas i$ 3 etap

1) Esamos padies analiz (1 pav.);

2) busimas veés kiirimo Zenglapis (2 pav.);

3) igyvendinimas (4 pav.).

ku

kelimo modelis yra
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gamyniy grupe
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Braizome vertes . 4 by naudojamas KAIZEN e
meVEres L — udojam — a8 b ideo stebsjimas
SHie conciig stebetojas 5 Salies e
J
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ki
silpniausia grandis

1 pav. Gamybos efektyvumo kelimo modelio | etapas.

Fig. 1. Raising production efficiency model | stage.

Pirmame etape yra analizuojama esamaéiimd
Siame etape yra i$skirti punktai, tai:
1.1. Sudaroma gamypigrupe, tai paimama visos

imores gaminamos produkcija ir sugrupuojama pagal

tam tikrus poZymius. Tam paprasusiai reikty
sudaryti lentej, kurioje hity suraSyti gaminiai, o virSuje
ty gamyni savylkes. Tokiy atvepy prie kiekvieno
gamynio sudjus kryziukus, galsime nesunkiai atskirti
gaminiy grupes.

nuo to, kokio tikslo siekiagmore. Tai gali kiti gamybos
kaSty mazinimas, gamybos ciklo trumpinimas ar
kokybés gerinimas.

1.3. Pasirenkame atrinkimgrankj. Atrinkimo
jrankis reikalingas tam, kad iS prieS tai sudarytos
gamyniy grupss, gattume lengvai atsirinkti tuos
amynius, kurie duoda dydzZiagsinorimg naud.
ateikti keli atrinkimgrankiai, tai:

Pareto taisyK arba 20/80 taisyk| teigia, kad 20%
pastang duoda 80% rezultat o like 80% pastang —
tik 20% rezultad.

Bostono matrica, kuria panaudojus galima
sugrupuoti gaminiusj keturias kategorijas: daug
pastang reikalauj&ios ir mazo rezultato teiki&ros,
daug pastang reikalaujagios ir didelio rezultato
reikiantios ir atvirk&iai.

1.4. Braizome veés kirimo Zentlapj. Tam tikslui
reikia sudelioti operacijas taki eiliSkumu, kuriuo
gaminys ar jo paruoSos keliaujo per darbo centfag
pat reikia tuéti laikus, kurie gaunami chronometruojant
kiekviename darbo centre sugaiSkaika. Tokiy pat
principu yra gaunamas laikas paruoSos ar éetal
keliavimo laikas tarp darbo centro. Siam tiksluay
pateikiami trys kbdai kaip galima surinkti reikiamus
duomenys, tai:

o0 Informacija renka steitojas is Salies;
o0 Panaudojamas video stgimas;
0 Kaizen susitikimas su darbininkais, kurie

patys pateikia informacija.

1.5. Turint zerdlapi pradedama ieSkoti silpniausia
grandis. Kadangi kiekvienas asmuo gali suvokti
skirtingai, tokiu atveju sloma naudoti 7 Svaistymu (7
wastes) jrankiy, kuris pateiktas Zemiau eséoje
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2.3 Braizomas Cell manufacturing
bus\mai vertas (Lasteling gamyba) | | siiucke
srauto kaima
Zemelapis

2 pav.Gamybos efektyvumo kelimo modelio Il etapas.

Fig. 2. Raising production efficiency model Il stage.

2.1. Bandoma panaikinti silpniausia gransurad
silpniausia grang pradedame generuoti éids, kaip

1.2. Pasirenkame pagal kokius kriterijus atrenkam@anaikinti p. Tam silomas proto Sturmo(Brain

gamynij grup. Siame modelyje yra pateikti trys
kriterijai, taciau galima pasirinkti ir kitus, tai priklauso

4



storming) metodas, problemsprending medis, Kaizen procese. Tam tikslui yra rengiamas Kaizen susiti#gm

susitikimas. vél generuojamos ijos kuriame vyksta tobulinimasis.
2.2. Pasirenkame silpniausios grandies Salinimo

jrankius. Tam tikslu yra sudaryta akmy jrankiu  |3vados

matrica. 1. Atlikus kely autory literatiros analiz, paaiskjo, kad
TR TR X — siﬁlo!”ni. efekt-yvumo kelimo metodai .yra heiésa}miai

- — ——— 3 pateikti. Taip pat sloma efektyvumui keltijrankiy

Ao visuma, tdiau réra suprantamai pateikiama, Kkuriuo

i : atveju ir kui reikia pasirinkti.

_— . i ! 2. 18nagrigjus kity autori literatira, buvo sukurtas

:”T“I"Z”““ : i ’ ’: gamyl?os efektyvumo. !<eli'm0 mgqelis, kuris yra

iranga pateikiamas nuosekliais jgyvendinimo etapais.

g ¥ A Kiekviename etape yra palmi jrankiai, kurie galty

e v A buti panaudojami sprendziant problgm

iy v A 3. Sudaryta Leanjrankiy pasirinkimo matrica, kur

palengvina pasirinkgirankj turint tam tikra problem

A - gaunamas auk3tas rezultas
Z - gaunamas Zemas rezultas
W - gaunamas vidutinis rezultas

3 pav.Leanjrankiy pasirinkimo matrica. Literat ara

Quarterman, L.; Snyder, B. 2007. The strategos guidealue
Fig. 3. Lean tool selection matrix. stream and process mapping: Genesis of manufagturin
strategy,Enna products corporatiQiUSA, 46-67.

Si matrica sudaryta rementys pagrindiniais 7Rother, M; Shook, J: 2008. Learning to see: valueast
mapping to create value and eliminate mudape

ﬁvaystym?_(_? wasvt_es) principu. Paswenkame proplema Cambridge centetUSA, 3-7.

Salia padirime Sios problemos @obma sprendimo gtevenson, W. 1990. Production/Operations managemet
jrankj. Jrankiai reitinguojami pagal gaunamus Rochester Institute of technologBoston: 190-2Q0
rezultatus, tai galiliti: aukstas, vidutinis Zemas. Sakalas A.; Vanagas P.; Martinkus B.; Neverauskas B.;
Prokogtiukas B.; Venskus R. Virvilait R. IvaSkieg A.

2.3. Braizomas busimas vest srauto krimo 2000, Pramog#s jmoniy vadyba. Kauno technologijos

Zentlapis (future value stream map)ram braizomas universitetas, Kaunas: Technologija. 267 -270.
Zentlapis, kuriame yra nurodyti visi pakeitimai esamo
Zemelapio, taip pat panaudoftankiy ikoneks. PRODUCTION EFFICIENCY MODEL DEVELOPMENT
o ¥ A. Kubickas
Igyvendinimas
O R
g . Abstract
8 ! _
[} 32 an 322 . .
= subtimss kR ] | Sitrosios gandies The present model of development of productioncigfficy,
- which can be easily understood and which are easye. Al-
though the production models are innumerable. Tagycharge

more than a century. However, those who are adaptdtie

specific situation is not much. Therefore, the nedéveloped
model can be adapted and implemented in any indlatrder-

taking. Examination of the literature by other auth has been
developed for lifting the efficiency of productionodel, which

is placed in successive stages of implementatiachEtage is
offered tools that can be used for solving the (@b It was

. ) . .. L. also an evil tool of choice matrix, which facilgéatthe selection
3.1. Naujo vels srauto zemelapiggyvendinimas (3 (50| with a problem.

pav.). Siame etape imamasi veiksmu, Kkuriais yra

igyvendinamas naujas srauto 2¢apis. Keywords: production efficiency, production efficiency Raigi
3.2. Stebjimas. éioje stadyjoje yra stebimas, kaiptauplop manufacturing, Lean, Kanban, Kaizen, vatream map.

veikia naujai sukurtas srauto zéapis. Taip pat galimi
pakeitimai diegimo pradzioje ar jau veikigame

4 pav.Gamybos efektyvumo kelimo modelio 11l etapas.

Fig. 4. Raising production efficiency model Ill stage.



Table 1. Materia flow symbols (adapted, in part, from Rother and Shook, 2003).

Symbol Title Definition
Dedicated Process This symbol denotes a
process, machine, or
department through which
materials flows.
Shared Process This symbol denotes a

process, machine, or
department that multiple value
stream products share.

Customer or Supplier

This symbol denotes either a
customer of the product, or a
raw material supplier.

C/T = x seconds

C/O =y minutes

Batch =

Avail =

Data Box

This symbol is used to
summarize essential
information for a process,
machine, or department,
especially demand, batch
sizes, and frequency.

/\

Inventory

This symbol denotesraw
material levels, the inventory
build-up between process
steps, and finished product
levels.

External Shipment (Receiving
or Shipping)

This symbol denotes shipment
of incoming raw materials,
and shipment of finished
goods out of the plant.

Push Arrow

This symbol denotes
movement of material that is
produced and then sent
(pushed) to the next process

Step.

I8l

Shipment (Receiving or
Shipping)

This symbol denotes
movement of incoming raw
materials, and movement of
finished goods out of the
plant.

— FIFO Lane This symbol denotesa First-
oo In-First-Out inventory that
limits flow between processes.
Supermarket This symbol denotesan

K

inventory of parts used to
reduce overal inventory levels




that are essential for
downstream processing.

O

Material Pull

This symbol denotesthe
withdrawal (pull) of materials
from a supermarket inventory
for downstream processing.

Table 2. Information flow symbols (adapted, in part, from Rother and Shook, 2003).

Symbol

Title

Definition

N

Manual Information

This symbol denotes manual
flow of information
(hardcopies, memos, notes).

Electronic Information

This symbol denotes
electronic flow of information
(email, fax, phone,
computerized data
transmission).

Production Kanban

This symbol denotesthe
productionof a specific
number of parts.

Withdrawal Kanban

This symbol denotesthe
transfer of parts out of a
supermarket inventory to a
specific process.

Signal Kanban

This symbol denotesa
material pull, but when
inventory levels have dropped
to a minimum level.

Production Control
Information

This symbol denotes
production scheduling
information.

OXOX0

Load Leveling

This symbol denotesthe
adjusting of kanbansto level
production of parts over time.

Kanban Post

This symbol denotesthe
|ocation where kanban cards
are collected.

@ |-

Sequenced Pull

This symbol denotesthe
production of a specific
number of parts without using
a supermarket inventory.

Go See Scheduling

This symbol denotes
scheduling production based
on visually inspecting




inventory levels.

X

Verbal Information

This symbol denotesthe flow
of verbal information.

]

MRP/ERP

This symbol denotesthe use
of central production
scheduling, such as MRP or
ERP.

Table 3. General symbols (adapted, in part, from Rother and Shook, 2003).

Symbol

Title

Definition

==

Kaizen Burst

This symbol denotes a
potential process change that
can be used to improve the
Current State.

Safety Stock

This symbol an inventory that
Is used in case of downtime to
protect the production system
from disruption.

Human Operator

This symbol denotes a human
operator at a specific
workstation. The number of
operators should be noted.

Workcell

This symbol denotes a
workcell where several
processes are integrated.

Timeline

This symbol denotes value-
added times (lower) and non
value-added times (upper) for
each stage in the production
process.




