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INTRODUCTION

Research actuality In the industry all the time must continually b@plemented new
organization systems which would help to improve gnoduction flow and reduce high production
cost that would be possible to manufacture prdfftaBnterprises are trying to find a way how to
produce goods in the required amount at the redjdinee, at the lowest cost and highest quality. To
reach these goals, the industry needs to go thraugfiange. Enterprises are starting to take irtteres
and implement on of the Lean manufacturing tooledalKanban” system in order to achieve the
desired results. Kanban system methodology is ksttald in Japan. After reading a description what i
Kanban it can sound easy to understand and totulsetiit can be harder than you expect. To install
successfully this system has to be done reliableletponvhich could enable greeter majority of
industrial enterprises to perform better implemeataprocess of it has to be done.

Novelty. Implementation of the Kanban system into induk#igerprises was not examined by
Lithuanian scientists. Lithuanian industries do koow a lot about the Kanban system, just but few
enterprises know what it is all about in realitynté&prises in Lithuania are afraid of new changes
within the company even if it can bring benefitstie organization of the production. Kanban system
helps to increase productivity and flexibility imet enterprises.

Problem. Situation of industrial companies is always conedrwith a high production costs and
one of the factors that influence this is ineffidignventory management, what a result Kanban syste
is started to use. Most of the companies do know teanstall successfully this system, becausdisf t
the main problem of this research is to find thethbsolution, how to improve Kanban system
implementation into industrial enterprises thatauld help to avoid the recurred mistakes.

Purpose. After analysis of the theoretical and practical enal the model of the Kanban
Systems Implementation in Industrial Enterprises weepared. This has to include research of trends
in Lithuanian industrial enterprises, analysis bé tproblems in X industry that appears by using
Kanban system in Lithuania and analysis of the Kanbystem implementation and use in one or
several industrial enterprises.

Research objectivesObjectives of the final master thesis are:

1. To make analysis of scientific methodical literatuof the topic — Kanban systems
implementation in industrial enterprises.

2. To make analysis of industry classification andcHfpefeatures of it.



3. To make analysis of theoretical models of Kanbastesy implementation into industrial
enterprises.

4. To make empirical research in the industrial entsgs of the Kanban system.

5. After the analysis of the theoretical and empiriagpects to prepare a model of the Kanban
system for the industrial enterprises.

Scientific value.Scientific value of this work is:

1. It is lack of information and research in Lithuaniagarding Kanban system and its
implementation process.

2. From the research, | observe that many authorswagggesting Kanban system implementation
process in different ways, it is difficult to und&and easy suggested models, that a result |
propose alternative Kanban system implementatioteino

3. Proposed model of Kanban system implementationegsscaccording theoretical part and
empirical research results gives some advantagi®e afystem which are given below:

e Enterprise can reduce lead times;

e Enterprise can improve higher degree of supply loidipa

e Enterprise can increase transparency;

e Enterprise can reduce material inventories;

e Proposed model would help to optimize the flow @itenials.

The research methods.The objective of research is proposing Kanban systeplementation
model regarding enterprises condition. This wasomgdished by means of questionnaires, other
research opinion theoretical background and cafigahformation on Kanban system implementation
process.

Research strategy Applying the research process and research agmpreaisting theory and the
empirical material were used to dosing specific ikam system implementation model for industrial
enterprises.

Hypothesis. Increase efficient management of inventory hasgaifopact into decreasing high

production costs and saving of their results intiime of global market.



1. RELEVANCE AND IMPORTANCE OF THE PROBLEM

Nowadays enterprises are trying to firmusons to difficult problems which start from

scheduling to quality control or from budgets tantounications in the companies. Production is one

of the most changing segments of the businesati8o$ to problems are therefore often unique.

Companies in Lithuania and in other caest around the word have various problems in

manufacturing process. The main problems wouldbéddllowing:

Accumulation of the reserveWithout knowing the consumer demand it can be emad
unavoidable additional products or their componéhits affects the accumulation of products
in stock, it is impossible to avoid using the ttemtial methods of organization. Traditional
methods of organization encourage employees totlemdquipments and manufacture as much
as possible despite the real demand.

Storage necessityf the production overruns or excesses it haddostored which requires
additional space and cost for storage areas, atogutransport and etc. It is necessary to pay
not only for additional rental rates (if it is ren, but also for use of electricity and heating
services.

Production defectThere is a risk if the manufacture will be stofeda long time, production
can be damaged or it will be necessary to remakellimake additional costs and work time.
Inefficient materials management systéot knowing the exact quantity of materials netde
for production may lead to excess or shortage deri@s. The excess of materials has to be
stored, it takes additional costs. The money whiels spent on excess of material could be
used for other company uses.

Poor work organization and delivery of informatioBad providing detailed information
between different divisions within the company (&xample between manufacturing operators
and logistical personal and etc.). Poor organimatd the company does not encourage an
efficient work in it.

Fig. 1 show the Problem Tree, where we can see prablems which influence high production

costs. Moreover, Problem Tree presents sub-probblefish occur under main problems in the

production.

All these mentioned problems comes intoe goroblem which is inefficient inventory

management system in the industry and just thisppolelem can affect strongly the enterprises and i

comes as a result high production costs.
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Listed problems are relevant to the usibranches of industry sector, no matter what cizée
company is or what kind of products are producdie main key, for the enterprises, is to solve the
problems.

Today it is topical because of theseopas

¢ Intention to ensure a continuous production progess

¢ Intention to avoid the various costs ;

e Electricity and heating prices are rising;

e Opportunity to invest or to save money;,

e |t is appropriate to use the services of supplighéch would timely deliver to the place of

manufacture the necessary materials of other coergsnvhich are necessary for the production.

Acceptable inventory level Acceptable inventory level
4 \ )
(%)) - (%))
Q k)
S S
< <
[} ()
= VAW
VARV \
a) b)

Fig. 2 a) Inventories facilitate; b) Inventoriesléi
The influence of material inventories whatestproblems that make inefficient inventory managein
system are in the industry. Fig. 2 shows thatehman be two inventory’s flows. When inventories
facilitate it means that production is smooth, tledivery is immediate, manufacturing is cost-effezt
and capacity utilization is constant, but it happant all the time, a lot of problems is hiddendoey bad
management of inventory. Inventory’s hide big scvatues, uncoordinated capacities, problems with
delivery dates.
As a solution to the existing problenrs,my final work, | chose the Kanban production coht
system, because it can:
¢ Reduce inventory and product obsolescer8iace component parts are not delivered until just
before they are needed, there is a reduced neestdmge space. Kanban can help to reduce
inventory by nearly 50 %. [1]
¢ Reduce waste and scraproducts and components are only manufactured wWiegnare needed.

This eliminates overproduction. Raw materials ave delivered until they are needed, reducing



waste and cutting storage costs. [15] By using ablda scheduling system where you specify thee
production container sizes and the maximum numbeowtainers to produce, overproduction can
be greatly reduced. [1]

e Provides flexibility in productionlf there is a sudden drop in demand for a prodietban
ensures you are not stuck with excess inventoris gives the flexibility to rapidly respond to a
changing demand.

e Increases outputThe flow of the Kanban (cards, bins, pallets, etgill stop if there is a
production problem. This makes problems visiblecilyi allowing them to be corrected. Kanban
reduces wait times by making supplies more acclesaiil breaking down administrative barriers.

¢ Reduce total cosBy: preventing over production, developing flexibderk stations, reducing
waste and scrap, minimizing wait times and logsstiosts, reducing stock levels and overhead
costs, reducing inventory costs. [15]

In addition, the free space in your ligcican then be used for new business opportmiie it

may even eliminate the need for expansion platigifis in the works. [1]



2. THEORETICAL ASPECTS OF KANBAN SYSTEMS IMPLEMENTA TION IN
INDUSTRIAL ENTERPRISES

Analysis of théheoretical aspects consists of the basic conegpt<lassifications. This is done by
analyzing the literature of other authors and tipeaposed solutions. A number of different sourags

literature have been examined and the informatidhhas been assessed

2.1. Analysis of the industry definition and industy classifications

Industry can beinderstood in different ways, as an economic sesfoich is dominated by
production and includes large amounts of capitelustry can be seen as a grouping of businesstestiv
in accordance with certain features.

Anindustry is the manufacturing of a good or service withioagegory. Although industry is a
broad term for any kind of economic productionegonomics and urban planning industry is a synonym
for the secondary sector, which is a type of ecaoametivity involved in the manufacturing of raw
materials into goods and products. [15]

There are many different kinds of indiestr and often organized into different classeseators by
a variety of industrial classifications.

In the research work | chose the detadledsification which is known in the Europe — NACE
NACE - Classification of Economic Activities in tliropean Community, and it is concerned with other
very important standard in the industry named -€]3hternational Standard Industrial Classificatan
all Economic Activities. NACE is the “statisticalassification of economic activities in the Europea
Community” and is the subject of legislation at tEaropean Union, which imposes the use of the
classification uniformly within all the Member Sg¢at [24]

The comparability at world level of sditts produced on the basis of NACE is due to #ue that
NACE is part of an integrated system of statistidassifications, developed mainly under the awespaf
the United Nations Statistical Division. From ther&pean point of view, this system can be represent
as follows in fig. 3. [24]
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Fig. 3 The International systems of classificatifi¥

Where:

e ISIC is the United Nations’ International Standdrdlustrial Classification of all Economic
Activities.

e CPC is the United Nations’ Central Product Clasatfon.

e HS is the Harmonized Commodity Description and @gdbystem, managed by the World
Customs Organisation.

e CPA is the European Classification of Products loyivAty.

e Prodcoma8 is the classification of goods used fatistics on industrial production in the EU.

e CN stands for the Combined Nomenclature, a Europésssification of goods used for foreign
trade statistics.
The structure of NACE is described in M&CE Regulation as follows: [24, p.15]

e Afirst level consisting of headings identified &g alphabetical code (sections);

e A second level consisting of headings identifiedaldyvo-digit numerical code (divisions);

¢ Athird level consisting of headings identified &yhree-digit numerical code (groups);

e A fourth level consisting of headings identified &your-digit numerical code (classes);
Moreover, the enterprises can be classifi various criteria as all industry, by: typeganizational

form of production and size of the company, se&etab



Table 1 The enterprise classification of the vasioriteria

Criterion Enterprise Groups
Production Types ¢ Production unit — are made of individual produatsmall quantities
[23, p.11]

of products and usually there are no plans to predibem again.
e Mass production — continuously for a long time nfantured the
same products, without changing their structure.
e Serial production — where the products are producszlrring

numbers and lots repetition expected in advance.

Organizational form of e Non-stream production — effective when producedhany different
production  [23, p. 12] types of products in small quantities.

e Stream production — a typical series of large gtyaptoduction.

Size [19] ¢ A large company — when the company employs 250ayerpeople;

e Medium-sized enterprise — when the company empley®r then
250 employees;

e A small business — when the company employs fewan t50
employees;

e Micro-enterprise — when the company employs fewsant 10
employees.

There are many other classifications, dgample: NAIVS sectors — North American Industry
Classification System, which classifies industry 28 types of industry; SIC — Standard Industrial
Classification. But in my master thesis I'm intedegshow industry is classified by Lithuanian staida

The industry includes sectors of the eooy, service area, production and services. Itistsof
branches in economic terms; perform certain a@witelated to production.

Industry classifications compose varidifferent groups of companies which operate indame
economy or share a similar type of business. Gleason describes the business carried out by ggaur
their activities.

NACE is classifying all industry into 2&ctions, 88 divisions, 272 groups, 615 classesezfions
are represented in appendix 1.

In my work I’'m concentrated just at ometon — manufacturing. This section has: 24 dvisj 95

groups, 230 classes. Industry which is selecteédisresearch work is shown in Fig. 4.



Section:C
Manufacturing

Division: 28
Manufactory of machinery and equipmennt

Group: 28.2
Manufacture of other general-purpose

Class: 28.25
Manufacture of non-domestic cooling an
ventilation equipment

o

Fig. 4 Industry selection
Manufacture of non-domestic cooling aedtiation equipment class includes: [24, p. 180]
Manufacture of refrigerating or freezing equipmentjuding assemblies of components;
Manufacture of air-conditioning machines, includfng motor vehicles;
Manufacture of non-domestic fans;
Manufacture of heat exchangers;
Manufacture of machinery for liquefying air or gas;
Manufacture of attic ventilation fans (gable far®f ventilators, etc.)
This class excludes:
Manufacture of domestic refrigerating of freezimgipment;
Manufacture of domestic fans.
Also, according to criterions for enteésps | chose enterprises according:
Enterprise size;

Production type.



Production type

Production
unit

Mass
production

Serial
production

»

Large Medium Small Micro Company size

Fig. 5 Enterprises classification matrix
As it is seen in the enterprise clasatfan matrix (fig. 5), the most improvement of Kanbsystem
implementation model is suitable for medium andIssiae enterprises whose production type is serial

production who has problems with inefficient invatyt management system.

2.2.The specific lineaments and requirements for nmafacture of non-domestic cooling and
ventilation equipments

Each industry has the specific lineamanis requirement for the products which it is pi@dg or
services are providing. There is no exception ler eénterprises from the industry which | choseabse
it is very important that the products or serviegsild satisfy the requirement of established stedsim
order to get the best results in the quality ofgheduction and in the same time not to lose thdidence
of the customers. The standard demand and quatibagement system have to be set in the enterprises.

Non-domestic cooling and ventilation syss are used in commercial buildings, schools,
universities, dry labs, hospitals, stadiums, offiemd etc. therefore ventilation system is alsaleéen
and enclosed building to satisfy health, comfort aaoling needs.

Requirement for cooling and ventilatigistems: [11]

e External air quality The external quality environmental is an importtactor to be considered
when designing a ventilation system. Noise levedbi@nt air temperature and pollution from dust
and smoke will determine if natural ventilation iabe possible.

e Occupancy levelOccupancy levels will determine the amount ofchiange that is required for a
place depending on standard minimum requiremergatisfy health comfort and cooling needs of



occupants. According to the CIBSE Building Guidg minimum required fresh air is 5 I/s per
person while the recommended rate is 8 I/s pelopers
e Occupancy activity The type of activity people do in the place whére system is installed
determines the required air changes and the veatilsystem required. People moving around
require more air than those are stationary.
Specific standards for this sector are:
e |SO 91.140.30 Ventilation and air-conditioning €yms (ISO — International Organization for
Standardization).
e EN779:2002 Standard for general ventilation filtevkich was set by European Committee for
Standardization.
e |SO 16813:2006 Building environment design; indenvironment; General principles.
e [SO 900 Standards related to quality managemengsgs
e and others specific standards.
Enterprises chose which standards they wiluti@g. The key standards has been mentioned, other
standards for production operations has to beosetout in this part of the work | was concentratethe

standards which are set for the industry and rmathi® each operation.

2.3.Kanban System concept

Knowing what to make and when to makes ithe central manufacturing problem. Most of the
companies are using general “push” system whereadérof the products or parts are predictable in the
enterprises; it is based on the consumer’s forecdhis brings big problems for organizing your
inventory, in order to have efficient inventory nagement system.

Ohno’s insight was that “when you haves lof inventory you are always one part short”. e
saying“The more inventory a company has, ... the lessylikell have what they need* Taiichi Ohno.
He decided that the problem could only be solveshih processing step went frequently to the pusvio
processing step and picked up exactly the numbpai$ needed for the next increment of productyn.
adding the ironclad rule that the previous stepldoever produce more parts than the next stegusad
withdrawn. Thekanbancards were introduced in 1953 to formalize théesysand make information flow
smoothly back-wards at the same rate products tidaevard [13, p. 206].

At Toyota every step of every manufactgmprocess has the equivalent of a built in, catkatban
to signal to the previous step when its parts nedze replenishment. This creates “pull” which cones

cascading backwards to the beginning of the matwiag cycle [14, p. 23].



In Aisin Seiki’'s Anjo plant in Japan, whi produces mattressdgnbanmodel is used, and this
system ensures that the minimum required numb#reopopular products is always in stock. This syste
allows flexibility to meet customer needs, with sewf kanban, popular products are replenishedo@s s
as they are sold, thus minimizing inventory [21147]. As an example until Aisin implementkanban,
it had produced different types of mattresses areekly schedule, but under the new system, what had
once been a weekly cycle of production was reduceal daily cycle. Today, the cycle has been further
reduced to two hours [21, p. 154].

According to Taiichi Ohnd&anbanmeans sign, signboard, doorplate, poster, bilthoeard but is
taken more broadly as a signal of some kind. Sexwdt bn empty bin — kanban— and it is a signal of
refill it with a specific number of parts or senddi a card with detailed information regarding paet
and its location [14, p. 106-107].

The kanban principle is that the autlyaiot produce or move a part is based on the uskite part
rather than on the calculated work to list [251 p3].

According to Markey M. (2005) a Kanbalme tJapanese word for card, is a tool for implementi
Just-in-Time (JIT) production. In its most commonnh, Kanban is simply a card that contains producti
information. This card identifies the part numbeelivery and work cell locations, part descriptions
quantity, the name of the company and the card eumbthin a series. This introduction about the
Kanban system is similar to other authors’ intrdduts who write about it. On order to understand th
system it has to be written in simple and easy tstdedable words. Moreover, the main problems which
Kanban can solve, such as: administration, spasentory accuracy, degeneration of material, hidden
quality problems. According to all these problemasmpetitive market dictates that companies are
interested in survival so they become lean, agile flexible. Also, Mertins K. and Lewandrowski U.
(1999) write that control systems of efficient puotion should be flexible and lean. Pull contradteyns,
especially Kanban systems, lead to optimized ogmgaioinal structures and order processes.

Kanban system is associated with just-in-time productidtanban is a production process
management and an inventory control system. Forctiv@rol a card or labels are used (and other
measures can be used), which accompany the prtdocghout the production process by providing all
necessary information about it. It also informs aippropriate amount of components without intefoupt
to production. it involves more then just manufaictg. Other functions such as purchasing, warelmgysi

shipping and receiving, quality control, transptiota, accounts payable and engineering are involved



2.4. Classifications of Kanban system

Classification of the Kanban system isassary to know which type of the Kanbans to usien

plant, because according to the existing situaitiothe area and the purpose of the Kanban systésn it
classified in some types of this system.

KANBAN
(Overall)
I

[ ]
[ Withdrawal } [ Production }

Kanban Kanban

| | | |
Supplier In-Factory Production Signal
Kanban Kanban Kanban Kanban

Fig. 6 Types of Kanban

The classification of the Kanban is ithased in Fig 6. There are two main types of thelxan
system: are production Kanban and Withdrawal (partation) Kanban. These two types are classified i
more detailed classification by sub-types. Withdabitanban (or transportation) Kanban is sub-typed a
supplier Kanban and in-factory Kanban; and producianban is sub-typed as: production Kanban (the
same name) and signal Kanban.

e A production (ordering) Kanbais a printed card indicating the number of pahntst theed to be
processed to replenish what customers have pWeckover, it indicates operation instructions at
specific processes (in-process Kanban; productodsy. They are routinely used at processes that

do not require changeovers. It initiates productmreplace the parts that have been removed. [4]
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Fig. 7 A production — ordering Kanban [34]
The one illustrated (Fig. 7) shows that the mactyrmirocess SB-8 must produce the crankshaft for
the car type SX50BC-150. The crankshaft producenulshbe placed at store F26-18. The

production-ordering Kanban is often called an ingeiss Kanban or simply a production Kanban.



e A withdrawal Kanbanis a printed card indicating the number of padsbé removed from a
supermarket and supplied downstream. [31] It indEavhen numerous parts are to be moved to

the production line, or between processes in pricaluand assembly. [4]

=l —
ml:;ﬁrq.:._ SEXS nem pack Mo, =25 Frecedn g Proce:s

fem Mo FSEFRS0T Forqeug

bem Mame  Dhvile st p £

ca Type o S teequent Frocess
Aackivirng

BonCapacity] BoxTye | kiwedmo

-5
20 s] 44

Fig. 8 A withdrawal Kanban [34]

The withdrawal Kanban illustrated (Fig. 8) showattthe preceding process which makes this part
is forging, and the person carrying this Kanbamftbe subsequent process must go to position B-
2 of the forging department to withdraw drive pimso Each box of drive pinions contains 20 units

and the shape of the box is 'B'. This Kanban is4theof 8 issued. The item back number is an

abbreviation of the item. [31]

e A signal Kanbarns a printed card indicating the number of partt theed to be produced at a
batch operation to replenish what has been puttad the supermarket downstream. [29, p. 64] It
is used in a large lot in process inventory (laddarction Kanban). Signal Kanbans are used at
presses or other processes requiring changeovesignal when a changeover is needed in the
sequence of production Kanbans. Triangle Kanbamsaapecial form of signal Kanban that call
attention to the reorder point. [4]

e Supplier Kanbaris the orders given to outside suppliers for pagsded at assembly lines. If the
Kanban system has extended to the supplier netwoek, suppliers will deliver on demand as
supplier Kanbans are received from the factory] [25

¢ In-Factory Kanbarauthorizes an inside parts that has to be delivieosd the storage to the areas
where it is needed, used to indicate when partsoalbe moved to production. Assembly lines also
use parts and subassemblies that are produceswiitbifactory. These are the Kanbans used
between processed in the factory; they provided#imils needed to withdrawal parts from an
upstream process. [4]



a) b) C)
Fig. 9 a) Production Kanban b) Withdrawal Kanba Signal Kanban

Symbols how looks main Kanban types ffedent production analysing maps (for example:galu

stream map) see fig. 5.

John Bicheno is classifying Kanban in endetailed classification, which explains how thesels

works, and when to choose which card accordinecekisting plant. [2, p.107]

Single Card Kanban Traditional kanban is suitable in all stable mactifang environments
where there is repetitive production. Single caadbdan means that a single card (or pull signal)
operates between each pair of workstations. Althdbgre may be several single-caehbansn

a loop between a pair of workstations, each kanbahe authorization to both make a part or
container of parts and to move it to a specifiezhtmn.

Product Kanban With this type, whenever a product is used it mpy replaced. If there is no
call, there is no authorization so there is no pobdn. In practice, the variations of this type
include kanban square (a vacant square is the rgzation to fill the square with another similar
part), cards (which are returned to the feedingksatation to authorize it to make a replacement
guantity as specified on the card), and other tiana such as “faxban” or “e-ban” (which operate
in exactly the same way as cards, except that wliesignals are electronic not physical). [32, p.
108]

Generic Kanban Generic (or “capacity”) Kanban authorizes feediraykvcentres to make a part,
but not specifies what part is to be made. The fatie made is specified via a manifest or a
“broadcast” system. It is therefore the prefergid system where there are a large number of
products, all of which have similar routings andrlya similar time requirements at each
workstation.

Signal Kanban Where there is a changeover, a signal (or triangleriority) kanban is used. As
parts are withdrawn, so Kanbans are hung on thedhaaler the appropriate product column. A
target batch size is calculated for each produdt the target is marked on the board. When a
sufficient number of Kanbans has accumulated tohréhe target, a batch is made. This gives a
visible up-to-date warning of an impending changgov

Dual Card Kanban- Uses both production and move kanban cards. Priodu¢or signal)

Kanbans stay at a particular work centre and aterm from Kanban board to finished goods



container. The work centre operator uses them. &@nce Kanbans stay between a particular
pair of workstations and alternate between move pailbox and full container (with conveyance
card attached). The material handler uses themp[3209]

» Move Kanbans In the single card system, these are simply Kanb@atstrigger parts delivery to
the line, either from an internal supermarket onfran external supplier. In the dual card system,
move Kanbans work with production Kanbans or sidgtatbans. [32, p. 109]

2.5. Basic operation of a Kanban control

Without understandable and strict contioy system will not work properly. To understarmvht
works and how it has to be controlled a basic Kanbgcle will be explained step by step. The
methodology of Kanban control systems is explainadore detail by the following description of aatiu
card system, which is usually used in the entezprihe due-card system is normally used where ther
are large distance between consumers and prodoetepsoducts or where there is an independent
transport system.

The scheme of the control, see appendix 2

1. The starting point of a Kanban control loop is aiéhe utilising production section. From there,
an operator uses a transport Kanban to signal airesgent to the store of the preceding
production process or to the organization respdmédr transport.

2. In the storage the production Kanban is now remdveah a full container holding the required
parts. The production Kanban that has been rem@edt in the Kanban collection box of the
preceding production process.

3. The empty container is sent to the preceding prioaluprocess.

4. Regularly the preceding production process accgrdinthe Production Kanban Cards in the
Kanban collection box (hereby acknowledging comss¢rauch as lot size etc.)

5. The number of parts produced is controlled by thef #Production Kanbans available for the
preceding process. The parts are put into theeckkatnpty container(s).

6. The refilled containers are transported to theagfer The production cycle of Kanban-controlled
part is completed by returning the Kanban lot e dtore.

This is an example how Kanban systemagking by using one of the Kanban classificatiopety



2.6. Calculations Kanban Size

After analyzing theoretical aspects oé thanban system we can find different formulas how
Kanban Size has to be calculated. This is surgrisow something so simple can have so many vangtio
These calculations includes: Number of Kanban &meNumber of Kanbans.

Basic Kanban size calculations based on demandtiaarifactor.
Kanban Size = Daily DemandReplenishment TimeMean Average Deviation to the daily rate

where: Daily Demand- Last years customers shipments / number of mtamu days; Next “X” week
forecast / production dayReplenishment TimeTotal time from the signal until product is backthe
Kanban; Mean Average Deviation to the daily rat@&ny district order patterns?

Daily demand for Kanban has to be evaluated by fagbrs, it can't be guessed figures. Most
companies has historical data regarding demaneédoh of their components or are able to calcutate i
from sales figures of component items. We try k@ta figure that covers 90 % - 95 % of all dailynded.

The number of authorized Cards / Containers 3T system controls the amount of inventory in
the system at any given time. It directly impabis WIP inventory and safety stock. Material spesatae
time in actual processing, waiting in queue, waitiim a storage location or in transit. [16]

The Key to determining the number of Cardsoht@iners is estimating the average Lead Time
needed to produce a container of parts.

# of Cards = Average DemandLead Time + Safety Stock
Size of the Gamer (Kanban Size)

where:Lead Timeis a function of the processing time per contamtethe upstream station and the
waiting time at the down stream production pro@ess for material handling.

The safety factor in the calculation is to gavestarting point from which to make improvements,
you start with a “comfortable” safety factor thesduce it in planned steps and trackle problembkeeit
these that you can predict that will arise and¢htbsit occur. The excessive amounts of inventotlyinva
traditional manufacturing system tend to hide mproblems; the lowering of this inventory will begm
uncover these problems. [7]

These selected formulas are the most widelgl asd in reality is very simple to calculate.

2.7. Analysis of the Kanban system implementationrpcess

To implement the Kanban system is noeasy, because, as it is mentioned in John Grosgeart
“Implementing successful Kanbans”, many companiesadraid to use a “pull” control system. These

companies fear to change; they fear to lose cqritiely fear to be run out of material; they feantiss



shipments; etc. these fears are a roadblock toemmghtation. It has to be a strong leadership for
overcoming these fears. Moreover, developed plame b be done for the implementation of Kanbans.
The success of the Kanban system dedamgldy on the company’s preparedness to work ith
Some parts of Kanban may be suitable for one compeihers may not. Not all parts of Kanban may be
appropriate for the types of products you prod@mban may be appropriate for one product, bufarot
another. In some cases a simple manual Kanbanmweik well. In other cases computer automation of
Kanbans may be the best option
To start the implementing Kanban, somemelnts for successful implementation have to be
considered. Different authors suggest differenimelats for it. Analysis of the submitted solutions
proposed by other authors is made, the analysiat Wind of the model they suggest for the Kanban
System Implementation.
Preparation for a Kanban scheduling systambe formal with elaborate analyses and sinaulati
It can also be very informal with fine—tuning doore the production floor. Process Mapping can help t
understand the underlying process and Value SthMapping uses Kanban in many places.
It has to be made Kanban System impleatiemt model. Firstly, | represent other authorsppsed
models.
Suggested models:
1. Consultancy firm “Strategos International” suggebtsfollowing steps: [40]
- Analyze Product-Volume For Upstream Work Center
- Analyze Downstream Order Patterns
- Indentify Kanban Products
- Indentify Appropriate Lot Size
- Indentify Containers
- Indentify Signal Mechanism
- Specify Stockpoint(s)
- Specify Initial Kanban Quantities
- Develop Upstream Scheduling Algorithm
- Operate Fine tune
2. Taiichi Ohno states that in order to be effectivenB&an must follow strict rules of usage and that
close monitoring of these rules is a never-endirablem to ensure that Kanban does what it s
required. [17]
These rules are:

- Do not send defective products to the subsequecteps



The subsequent process comes to withdraw only isimeteded
Produce only the exact quantity withdrawn by thiesegiuent process
Equalize production

Kanban is a means to fine tuning

Stabilize and rationalize the process

Hudgik in his article suggests to introdeaban in a such way: [41]
The first step is to become familiar with Kanbail &me options it offers.
Select the components of Kanban that will work aairyfacility.

Plan your Kanban system.

Set goals for Kanban.

Begin implementation of Kanban.

4. Mukhopadhyay S.K. and Shanker S. in their artickedd Kanban implementation into three broad

phases and classify each activity in each phasbkleTa shows the overall steps of Kanban

implementation in a model area. [43]

Table 2. Overall methodology

Phase

Particulars

Induction phase Model area selection, training,

design of Kanban card and board;

Implementation phasg 5S, SMED, multi-skilling, SPC,

Operating rules and other supporting activities.

Evaluation phase Pilot run, evaluation against \&&ties of

parameters

Described details of implementation:

Selection of model area

Project team formulation

Introductory education and campaign

Kick-off

Introduction of 5S in model area

Layout improvement and identification system
Multi-functional workmen training

Reduction of setup time by SMED
Implementation of SPC and visual control

Pilot run, evaluation and full implementation ggem

5. Gross, John in his article consider following elets€for successful implementation:



- Size the Kanban’s to current operational conditi®na

- Adapt container sizes to allow better kanban céntro

- Make kanban signals visual.

- Develop rules that provide decision points pluscgseand balances.

- Train operators to run the kanban operators.

- Set up audit plans to keep assumptions currentrematain system discipline.
- Develop a phased improvement plan to reduce kagbantities.

6. Resource Systems Group managenoemnisultancy suggests a simple kanban implementplson
[42]
- Customer requirements: ABC analysis, demand segti@nt& linearity

- People: involvement, training

- Process: observation, mapping, layout, changeoweisize, OEE, process linearity
- Kanban: one card, two cards.

- Materials handling, buffer stock location, orgatiaa

- Container: sizing, selection or design

- Visual design: card or container labels

- Kanban math

- Control system: recalculate # of cards, missingar

- Design documentation

Table 3 is for the particular industryctee, it would be - Non-domestic cooling and veattdn
equipment production and make the analysis ofr@lduggested models. Table 1 shows advantages (+)
and disadvantages (-) of the solutions which anp@sed by other authors.

Having considered all these mention nwd@ble 3) for the implementing Kanban systemmro
different authors | think that the best classifieatwould be Mukhopadhyay S.K. and Shanker S’
classification, because after overall methodoldgpytdivided into big phases and smaller particulsost
Is more clear how everything has to be, and whailssteps has to be done to reach the best results.

After all the analysis of models a comnapproach to implementing Kanban is to start with a
generous number of Kanbans — containers, palleted etc. Then systematically reduce the number of
containers until the point at which the supply dfterials is just in balance with the rate of useeached.

As containers are removed from the process, it @intually reach the point at which production is
delayed because the next container has not aryieedAt this point add one container to the system

bring it back into balance.



Table 3. Kanban Implementation suggested models

Kanban Implementation + _

models

1. Consultancy firm “Strateggst informal with fine-tuning - Quite elaborate analysis has
International” model done on the production floor; to be done.

- An elaborate simulation has
+ this mapping can use Kanban to be done.

in many places (not just in one- It is not clear how all thg
sector of industry); steps have to be done.

v

+ The following steps ar
written particularly.

1]

2. Taiichi Ohno model + must follow strict rules; there are more rules, npt
explanations what has to be
done.

3. Steve Hudgik model - not enough information (for
the start of implementing the
system

4. Mukhopadhyay S.K. and+ it is classified in phases and needs a lot of time tp

Shanker S model particulars which has to he accomplish all things;

done; - near it a big project team has
to work.

+ all needed steps afe needs knowledge about some

informative; other systems;

+ it is clear what has to be done
from the beginning till the end;

+ explains the evaluation of the
system.

+ the best explained disc abqut
induction phase

5. Gross, John’s model + simple explanation what| ha
to be done;

+ understandable what has to|be

done
6. Resources Systems Group stated many steps which hasnot all of the steps are clear
management consultancy modeb be done what has to be done

When implementing Kanbans, the first gtefp educate everyone involved in the use of lgasb
Because Kanbans are different from the way mosplpeare used to working, everyone using Kanbans
must understand the rules otherwise they are Viezlylto undermine the Kanbans.

When the Kanban system is already imptaetethe factors that affect Kanban performandeeat

organizational level have to be examined. The Mactufing Engineering Department of a small mid-



western company implemented a Kanban system airhgulirahasing 95 % of their orders on time.
Unfortunately, they were unable to achieve thid gadams, Stephanie G.). Analyzing this articleund
that ineffective communication, weak reward syst@mpmpatibility of expectations and a dissonance
between values declared and values supported bgrgamizational systems create a culture focused on
individualism and production rather than teamwank guality. These factors are important to know for
the implementation of new processes (Kanban System)

Recently these who already implementedbigéa system try to improve it. Hung-da Wan, F. Kran
Chen in their article suggest to make a web-basadbln system because the conventional Kanban
systems using physical cards suffer from humanrgrimnited tracking capability and so on. But tigs
already about the how to improve Kanban System avitlelp of Web-base.



3. EMPIRICAL RESEARCH OF KANBAN SYSTEMS IMPLEMENTATION IN
INDUSTRIAL ENTERPRISES

3.1.Empirical research structure

Empirical research methodology and process

This study is a part of what researchhog$ were used and the investigation steps havedmee.

Phases of the study:

I. Preparation for the research. This phase is reldase

1. To set the purpose and objectives
Purposeof the empirical research is to examine in motitseand to justify the proposed solutions

to the existing problem, which is related with ankan Systems implementation.

Selected industrial sector, accordinght industry classification which was made in fressearch
work is — non-domestic cooling and ventilation gumént production (according to classification of
economical activities).

Goals of the empirical research:

a) To make analysis of Lithuanian X industry sectardincies (it was made in the second research
work).

b) To find out the main problems with which most comipa are facing.

c) To investigate the use of Kanban system in entszpri

d) To identify the key barriers which have been entenad in installing the system.

e) To identify the changes after implementing Kanban.

2. The process organization — selection of the methods

Purposeis to make analysis of the selected sector.

Methods used in the study:

1. Collection of statistical data — to collect datasmiected industry by using data sources/statistics
from Lithuanian Development Agency and Lithuania@pBrtment of Statistics, of evaluating the
expression of which is chosen by industry to suldjgany other in the sector.

2. Survey — a questionnaire for the enterprises.

3. Observation — to investigate implementation progesise company.

4. Correlation and regression analysis.

[I. Collection of facts (empirical data collection).
PurposeWith a help of written questionnaire which is paeed on the basic of analyzed theory

on Kanban System, to find out necessary information



The methods used:
1. Determining the scale of the investigation — Caltioh of sample size
2. Telephone and e-mail interview— overall performaoicthe survey to find companies which
have implemented the system.
3. Deep interview — survey for the companies that em@nted the system (2 main companies).

4. Confidence interval calculation.

[ll. Empirical data processing.
Purpose Make an analysis of collected empirical data (th&gsis of the questionnaire results).
3. Questionnaire results analysis (percentage evahyatharts).

4. Questionnaire results analysis using SPSS comptagram for statistical analysis.

3.2.Analysis of the industry

Analysis of the industry is made to cayty what is the current staged of the chosen inglus

According to classification by economittigties | chose industry sector which is calledther
machinery and equipment”. This sector is dividetb ismaller sub sectors of the classification. Then
chose “Non-domestic cooling and ventilation equiptproduction”. Moreover, this sector has small
classifications too, from these classificationshbge the most important and interesting smalletosec

such as: The air-conditioning equipment manufactuand Industrial ventilators production. [3]

3.2.1. Percentage distribution of the enterprises

This percentage distribution evaluatesatwbercentage part of the selected sector has eorgpa
with other ones. The resource which | used to etalthis percentage distribution is Lithuanian
Development Agency, which is a public sector orgation and where the total number of registered
companies in database are 6 277 (this figure ireduenterprises which are not related with any
manufacturing industry).

According to the information from databad Lithuanian Development Agency | found out that
manufacture enterprises is divided in big groupsoating to a fields of activity. Sector which | dse
belongs to the — Manufacture of other general pggpoachinery sub-group, which belongs to the main
group - Manufacture of machinery and equipmentsn.dhis sub-group consists @8 registered

enterprises in database. It repres@m® % of the manufacturing enterprises which are reabttere.



Table 4 Percentage distribution

. - Distribution
Fields of activity %

Manufacture of textiles 3.88
Manufacture of wearing apparel; dressing and dyefrfgr 2.36
Manufacture of wood and of products of wood andcexrcept furniture; 16.80
manufacture of articles of straw and plaiting matser
Manufacture of pulp, paper and paper products 2.34
Publishing, printing and reproduction of recordeedma 10.57
Manufacture of chemicals and chemical products 1.78
Manufacture of rubber and plastic products 12.54
Manufacture of other non-metallic mineral products 5.35
Manufacture of basic metals 1.59
Manufacture of fabricated metal products, excepthimery and equipment 11.52
Manufacture of office machinery and computers 1.27
Manufacture of machinery and equipment n.c.s. 4.71
Manufacture of electrical machinery and apparatasn 2.55
Manufacture of radio, television and communicagguipment and apparatus 3.63
Manufacture of medical, precision and optical instents, watches and clocks 0.64
Manufacture of food products and beverages 1.27
Manufacture of motor vehicles, trailers and serilers 4.33
Manufacture of other transport equipment 3.25
Manufacture of furniture; manufacturing n.e.c. 0.70
Recycling 2.23
Tanning and dressing of leather; manufacture ajdgg, handbags, saddlery, 8.02
hardness and footwear

As we can see from the table 4, we carirsdustry sectors share. The first five placesdak

1. 16.80 % - Manufacture of wood and of products ob@and cork, except furniture; manufacture
of articles of straw and plaiting materials.

2. 12.45 % - Manufacture of rubber and plastic prosluct

3. 11.52 % - Manufacture of fabricated metal produexsept machinery and equipment.

4. 8.02 % - Tanning and dressing of leather; manufaatd luggage, handbags, saddlery, hardness
and footwear.

3.2.2. Analysis of the selected industry

The non-domestic cooling and ventilatiequipment productions class includes: Industrial
refrigeration or freezing equipment manufacturirtge air-conditioning equipment manufacturing;
manufacture of heat exchangers; non-domestic apaiind ventilation equipment production. This class
excludes: manufacture of agricultural dryers; hbosd refrigerating or freezing equipment

manufacturing; domestic ventilation equipment piciaiun.



The data is taken by Lithuanian DepartnoérStatistics. This statistics indexes are atibatmain

industry sector of these classifications —“Othechmaery and equipment”. | took this general infotima

about this industry in this research work to untderd what the main situation is in this sector.

Table 5. Market Industrial production, the markgtirends and indices, statistical indices in tharye

Other machinery and equipment 2006 2007 2008 2009
Industrial production index, compared withl 127,7 142,3 220,9 160,0
2005, %

Industrial production index, compared with) 127,7 1114 155,3 72,4
the previous year, %

Sales and service on the Lithuanian market, 49,4 47,2 31,6 27,0

%

Sales and services at the Lithuanian market, 50,6 52,8 68,4 73,0

%

Industrial production at constant prices, 506 382| 563962 875761 634115
thousand, LT

Industrial production (at current price, 522 447 605956 1019690 655 166
excluding VAT and excise duties), thous. LT

Other machinery and equipment

1500000+
1000000+
500000+
O_
2006 2007 2008 2009
522447 | 605956 [1019690 [ 655166

Fig. 10 Industrial production, thous. LT (LithuaniBepartment of Statistics, 2009) [17]

According to 2006 - 2009 time of period, from tablewe can see that this industry sector was grgwin

till the 2008 by comparing numbers of the incomemadustrial output, fig. 10 shows visual view tf i

Table 6 Industrial production and indices, statadtindices in a quarter

Other machinery and equipment-2009| %Qtr | 2™ Qtr | 3“ Qtr | 4™ Qtr
Index, compared with 2005, % 160,4 1546 1549 avo
Index, compared with the previous 72,1 63,8 72,2 83,2
corresponding period, %

Index compared to previous period, % 78,5 96,4 200, 109,7
Industrial production at constant 2005 | 158 932| 153201 153531 168 451
prices of thousands, LT

Industrial production (excluding VAT and 179 836| 160288 149252 165790
excise duty), at current prices, thousand

LT




Table 6 shows the statistical data oftla#l quarters of 2009 and one quarter of 2010. T&ia is
compared with a data of 2005. According these iedaxe can see that the best situation was on 2009K4
Moreover, the incomes, comparing 2005 and 2009sy&ar bigger in 2009 by 3.32 %.

Other machienry and equipments

200000+
100000+
0_
1st Qtr | 2nd Qtr | 3rd Qtr | 4th Qtr
2005| 158932 | 153201 | 153531 | 168451
2009| 179836 | 160288 | 149252 | 165790

Fig. 11 Comparison on 2005 and 2009 incomes

Fig. 11 shows that there are not bigedéhces between each year incomes of the qudbiarisg

2009 1st Qtr was the biggest incomes by compahiage two years.

Table 7 Industrial production and indices, statal indices in a month

Other machinery and equipment - 2010 Jan. Feb. Mar. Apr.
Index, compared with 2005, % 153,4 150,4 165,38 a81],
Index, compared with the previous 95,6 94,7 98,3 120,0
corresponding period, %

Index compared to previous period, % 90,2 1042 , 909 110,0
Industrial production at constant 2005 prices of 151 993 49 703 54 608 60 096
thousands, LT

Industrial production (excluding VAT and excise 151 867 49 510 55 147 61 200
duty), at current prices, thousand. LT

Table 6 is for the quarters of quarter2010, fig. 12 shows the visual view of it. Compgrthe

beginning from January till April of 2010.



Other machinery and equipment
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2010| 151867 | 49510 | 55147 | 61200

Fig.12 Incomes of 2010 in a month

Comparing table 6, where quarters of 28@9shown, and in table 4 we can see that thex@sda
2009 and 2010 are better than in 2005. Accordinéirsd months of the 2010, the' tr shows that
incomes were 2 56 524, it increased by 45 % comgawith 2009 1 Qtr, it is the biggest quarter

comparing all years which has been analyzed, scangresume, that this industry is growing up again

3.3.Analysis of written questionnaires results
3.3.1. Sample size and confidence interval calculation

During investigation it is important tetdrmine the minimum number of participants, ineortb
make meaningful conclusions. It is necessary terdghe the sample size.

In statisticsa sampleis a subset of a population. Typically, the popatais very large, making a
census or a complete enumeration of all the valnethe population impractical or impossible. The
sample represents a subset of manageable sizeléSaang collected and statistics are calculateu tiee
samples so that one can make inferences or exatagpos from the sample to the population. This gssc
of collecting information from a sample is refertecas sampling. [33]

Thesample sizef a statistical sample is the number of obseowatithat constitute it. It is typically
denotedh, a positive integer (natural number). [36]

The larger sample size is, it is sureat tanswers truly reflect the population (in thisea
enterprises). This indicates that for a given aerice level, the larger sample size, the smallefidence

interval.



Determine Sample Size

Confidence Level: *g59, ("og9;

Confidence Interval: |5

Faopulation: 35

Calculatel Clear |

Sample size needed: |35

Fig. 13 Sample Size Calculations
Sample size for the collecting data ef tiain selected sector is 35 enterprises.

Confidence Levels expressed as a percentage and represents tewtloé true percentage of the
population who would pick an answer lies within tt@nfidence interval. The 95 % confidence level

means you can be 95 % certain. [36]

Confidence Intervafalso called margin of error) is the plus-or-mirfigsire. The margin of error is
the amount of error that you can tolerate. Lowergimaof error requires a larger sample size.

Population sizerepresents how many enterprises are in the sdlepteup research. Regarding
Lithuanian Development Agency it was 38 industeaterprises of selected sector — Manufacturing

general purpose — Non-domestic cooling and vediiagquipment production.

Using Sample Size Calculator it was eatdd Confidence Intervat=10.28

Find Confidence Interval

Confidence Level:  ™95% ¢ 99%

sample Size: 27
Fopulation: 35
Fercentage: |5EI

Calculatel Clear |

Confidence Interval: |10.25

Fig. 14 Confidence interval Calculation

Sample size and Confidence Interval Hasfen calculated with a help of Sample Size Caloulat
[16]



3.3.2. Data collection scheme

The data collection for a survey considtdree phases in order to get useful informatfom more

sources that match my criteria. Fig. 4 shows thesps from where information must be gathered.

II. Deeper data collection related to
the chosen sector and the theme.

[ll. Information collection
and analysis of two-selecte
companies from the basic
sector.

Fig. 15 Phases from which information must be gaithe
Phase I. Brief data collection and analysis of comparakelear into the selected
| choose one more sector which wouldibelar to the main chosen to make brief analysisrier
to know the spread of Kanban system. The additieaator is chosen considering its activities, pobdu
range and used components. It would be — Manufaatifabricated metal products, except machinery

and equipment, more specific — Manufacture of stmat metal products.

Table 8 Specific features

Non-domestic cooling and ventilation equipment Manufacture of structural metal products
production

Activities

Enterprises which has similar manufacturing opersti bending, punching, welding, drilling, cutting,
painting, assembling, packing,

Product range

Products which is made from similar raw materidlinanium, steel; different designs and variatiorfig o
the products.

More specific

Enterprises which are making products from alunmmu steel, produce not heavy construction products,
which have similar machinery,

For the collection this data telephontermview has been used. 17 enterprises (sample sz
surveyed with a help of the interview in order odf out whether they use the Kanban system or have

heard about it. Figure 2 shows the results ofitkerview. Most of the respondents, in the entegs)j



were people who are related with production. Ressiiow that most of respondents do not use or even
have not heard anything about the Kanban systef @lenterprises), less then half of the intervidwe

enterprises heard about this system (29%), ancqugile of enterprises is using this system (10%).

Manufacture of stuctural metal products

10%

O Is using Kanban

29% @ Heard about the system

0O Do not use and have not
heard anything about the
system

61%

Fig. 16 Distribution of the Kanban system

Phase Il. Deeper data collection related to the chosen sacibthe theme

The questionnaire was prepared for the enterpfis@sple questionnaires were prepared in the
second research work, later it was a little bitnge/improved and structured into one questionnage
appendix 5) to clarify the prevalence of Kanbartesysin chosen sector and to analyse the main prable
faced by enterprises. During survey a gquestioenaias sent by e-mail and telephone interview. A
guestionnaire is given in appendix 3.

The purpose of this interview is to provide acceyatomprehensive information about existing
problem and to make analysis of it.

Phase lll. Information collection and analysis of two-select®mpanies from the basic sector

| choose two companies which belong te same industry sector. One of the companies has
Kanban system in some of the areas and still i$ementing it; other companies do not have thisesyst

but have heard and knows about it. One compansoduging product in UK other one in Lithuania.



3.3.3. Questionnaire results analysis

Analysis is made when data is collectednd) empirical research time. In order to showrémlts
were used charts, tables, data processing proguamas SPSS (a computer program used for statistica
analysis — Statistical Package for the Social S&sh

The survey was guided by the principle@fh-quantitative, but qualitative survey.

Questionnaires were sent by email, betbse it is not the most effective way to make raesy
also a telephone interview has been done. Moreoseme of the respondents were interviewed
individually — deep interviews. These interviewsrgvelone in the enterprises, where this was the main
analysis of the research.

According to sample size, it was 35 resj@mts (enterprises) who were including in thizeyrand
22 of them answered in some of my questions.

Moreover, individual persons were intewiin company TROX UK Ltd. in order to know how
they evaluate existing Kanban system in their comgpA total 17 people where interviewed, becaude no
all the people are working close to this system.

In order to make analysis with a helB&PS computer program was used Kruskal-Wallis aad M
Whitney criteria’s, correlation with a Spearmantsrelation criteria, also chivalue and p-value.

In statistics, the Kruskal-Wallis one-wayalysis of variance by ranks is a non-parametethod
for testing equality of population medians amonaugs. [34]

In statistics, the Mann-Whitney U testaision-parametric statistical hypothesis test &seasing
whether two independent samples of observations bgqually large values. [35]

Spearman’s rank correlation coefficieatused to investigate the relationships that magt ex
between the two ascending or descending linedblasa

A chf test §— test) is a statistical hypothesis test in whicd sampling distribution of the test
statistic is a chi-square distribution when thd hypothesis is true, or any in which this is asyotipally
true, meaning that the sampling distribution canntede to approximate a chi-square distribution as
closely as desired by making the sample size langeigh. [5]

The p-value in statistical is the prolyat obtaining a test static at least as extremén@a®ne that
was actually observed, assuming that the null tgss is true. One often “rejects the null hypasies
when the p-value is less than 0.05 or 0.01. Whenntlll hypothesis is rejected, the result is saithe

statistically significant. [6]



During the survey it was tried to findtauhat is dominating size of the companies in gastor.
The results showed that most, namely the 15 (6§.2d¥ipanies employed between 11 and 50 workers, 5
(22.7 %) — 51 to 250 employees and 2 (9.1 %) — ftam 10 employees (fig. 17).

80%

60%

40%

20%

0% -

Employees
@ From 1 to 10 9,10%
@ From 11 to 50 68,20%
0O From 51 to 250 22,70%

Fig. 17 The number of employees in enterprises
The largest part of the production in ¢cbenpanies takes standard items (40.9 %), mixeduygtan
(31.8) and non-standard products (27.3) (Fig. 18).

50%

40%

30%

20% +

10% -

0% + -
The largest part of the production

@ Standart products 40,90%
@ Non-standart products 27,30%
@ Mixed production 31,80%

Fig. 18 The largest part of the production

One of the important things in the reskawork was to find out what are the problems that
companies faces in most cases. Table 9 showshlahdost important problem to the least importare. W
can see that the main problem is material managepneblems, then additional production costs, after
inventory management problems, information suppbbfems, storage problems, then quality problems,
and two new one, which respondents mentioned, kbenton to details and lack of trained workers. In
order to determine exactly between which problemes satistically significantly differences is used
Mann-Whitney criteria. The results showed that peois of “Low attention to details” and “lack of

trained workers” are less important that othersctvlare mentioned before.



Table 9 Problems that companies faces

Problems Minimum | Maximum M+ SD
value value

Material management problems 2 4 2,82+ 0,664
Additional production costs 1 4 2,50 +£1,102
Inventory management problems 1 4 2,41 +£ 0,854
Information supply problems 1 4 2,36 £ 0,902
Storage problems 1 4 2,32 +0,894
Quiality problems 1 4 2,23 £ 0,869
Low attention to details 1 3 1,14 + 0,468
Lack of trained workers 1 1,09 £ 0,426

The study aim is to determine if the peofis are different in the companies which highest pf
the products takes standard products, non-starfadlicts or mixed production. Setting the Kruskal-
Walllis criteria set out statistically significaniffdarences among the three companies, storage easbl
(chi®=8.842, p=0.012, p<0.05) and information supplybfems (cHi=6.821, p=0.033, p<0.059 (Table 8).

In order to find out exactly which enteses are among the statistically significant défeces is
used Mann-Whitney criteria. The results indicata gignificantly different enterprises which prodube
highest proportion of standard products and ens=prwith the largest share of production in non-
standard products, storage problems and statistisigihificantly different enterprises which produthe
highest proportion of evaluation of storage prolddm+-2.725, p=0.006, p<0.01); and enterprises thig¢h
largest share of mixed production in manufactuewgluation of storage problems (z=-2.349, p=0.023,
p<0.05). In the enterprises with the highest steshd&the standard products the problem is lesvegit.

In addition, statistically significanttiifferent enterprises, which produce the highespprtion of
standard products and enterprises with the higlsesire of production in non-standard products
information supply problems estimates (z=-2.3310.p20, p<0.05); and statistically significantly
different enterprises which produce the highespertion of standard products and enterprises wigh t
largest share of mixed production in manufactulimigrmation supply problems estimates (z=-2.059,
p=0.039, p<0.05).



Table 10 Enterprises that differ according to whe the largest part of production problems in the
statistical significance of differences (by Krusk#allis test)

Enterprises, where the| Average _
Problems _ _ chi? value p-value
biggest output consists of rank
Inventory Standard products 10,17
management Non-standard products 12,67 0,746 0,689
problems Mixed production 12,21
Standard products 6,83
Non-standard products 14,33 8,842 0,012*
Storage problems Mixed production 15,07
N Standard products 8,67
Additional
_ Non-standard products 13,42 3,092 0,213
production costs _
Mixed production 13,50
Material Standard products 9,28 2,222 0,329
management Non-standard products 13,17
problems Mixed production 13,50
_ Standard products 7,39 6,821 0,033*
Information
Non-standard products 14,67
supply problems _ _
Mixed production 14,07
Quiality problems | Standard products 10,11 0,877 0,645
Non-standard products 12,00
Mixed production 12,86
Low attention to | Standard products 11,78 0,804 0,669
details Non-standard products 10,50
Mixed production 12,00
Lack of trained | Standard products 12,22 1,444 0,486
workers Non-standard products 11,00
Mixed production 11,00

The differences were statistically significant, hen p < 0,05, ** when p < 0,01, *** when p < 0,001

Respondents were asked whether they faengiar with Kanban production control system. The
results showed that just half of the subjects (50d#& not know anything about this system, less then
third of the respondents (31.8 %) heard somethbaytathis system, and 18.2 % of the enterprises are
familiar with this system (Fig.19).
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Fig. 19 Familiarity with the Kanban production cantsystem

Respondents were asked weather theirpaoyn has implemented Kanban production control
system. The results showed that 19 (86.4 %) ensegpdo not have this system in their enterpries,
companies (9.1 %) are trying to install it (curtgm$ being implemented) and 1 (4.5. %) has thistey.
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0% Installation
m Installed 9,10%
@ Is currently being 4,50%
implemented

@ Not installed 86,40%

Fig. 20 Kanban system implementation

Other important thing was to find out wiaae the advantages and disadvantages of the Kanba
system.

Table 11 shows that, from largestnablest, the benefits are distributed as followsrovides
flexibility in production, improves the flow of pdaction, optimize inventory and reduces product
obsolescence, reduces total cost, reduces the ambwaste, increases output, better machine atibn.

By Kruskal-Wallis criterion set out a statisticallygnificant difference between the expressionhese

advantages (chi 11.342, p = 0.078, p > 0.05).



Table 11 Advantages of the Kanban system

Advantages Minimum | Maximum M + SD
value value

Provides flexibility in production 0 1 0,55 £ 0,52p
Improves the flow of production 0 1 0,55 + 0,522
Optimize inventory and reduce product obsolescence 0 1 0,36 + 0,505
Reduces total cost 0 1 0,36 £ 0,505
Reduces the amount of waste 0 1 0,27 £ 0,467
Increases output 0 1 0,18 + 0,405
Better machine utilization 0 0 0,00 £ 0,000

Table 12 shows that, from largest to $esaldisadvantages are distributes as follows: stoveact
to changes in demand, difficult to understand tystesn, the system is expensive, inefficient systéyn.
Kruskal-Wallis criterion set out a statisticallygsificant difference between the expression of éhes
disadvantages (chi 6.989, p = 0.072, p > 0.05).

Table 12 Disadvantages of the Kanban system

Disadvantages Minimum | Maximum M+ SD

value value
Slow to react to changes in demand 0 1 0,552,
Difficult to understand the system 0 1 0,18 + 0,405
The system is expensive 0 1 0,18 £ 0,405
Inefficient system 0 1 0,09 £ 0,302

Enterprises, where Kanban production robrstystem has been installed and is currentlyaltest,
was asked what are the main difficulties they faiosthlling: enterprise said that it was difficbkcause
of the long duration of implementation, other eptise claimed that because of the lack of inforomati
about the system and because the workers hardly Wwigy the system is required and it was difficalt f
them to understand.

Also, it was several companies where Kanproduction control system has been installedignd
currently installed (total 3); was asked how lohtpok to install it: 2 companies said that to aissuch a
system lasted from 7 to 9 months and one enterptémed that such a system lasted to install #aim
6 months.

Enterprises, which Kanban production cansystem is installed (total 2) were asked whas$ h
changed after the installation: 1 enterprise cldinti@at it improved inventory flow; other enterprise

claimed that it improved production flow.



3.3.4.Regression and correlation analysis

Regression analysis involves indentifyihg relationship between a dependent variableoaedor
more independent variables. A model of the relatgm is hypothesized and estimates of the parameter
values are used to develop an estimated regresgigation. [7]

Regression modéh simple linear regression, the model used terilas the relationship between a
single dependent variable y and a single indepéengerable x is y = @+ ax + k. @ and a are referred as
a model parameters, and is a probabilistic ernon that accounts for the variability in y that cahbe
explained by the linear relationship with x. if tleeror term were not present, the model would be
deterministic; in this case, knowledge of the vadfiex would be sufficient to determine the valueyof
[33] When x is increasing and in the same time ipdseasing then connection is called positive. Whe
increases y decreases the relationship is negdtivis. easy to determine when the connection is
functional.

Correlation. Correlation and regression analysis are relatedhe sense that both deal with
relationships among variables. The correlation fameht is a measure of linear association betw®en
variables. Values of the correlation coefficierg aiways between -1 and +1. A correlation coefficiaf
+1 indicates that two variables are perfectly exlan a positive linear sense; a correlation coieffit of 1
indicates that two variables are perfectly related negative linear sense, and correlation ofdicates
that there is no linear relationship between the wariables. [7]

The empirical correlation coefficientislculated by equation give below: [7]

2 | .

(n-1ss,

Xy

wherex andy are the sample meansXandY, s,, ands,are the sample standard deviationXof

andY and the sum is fron¥1 to n.

Coefficient of determinatids equal to the square of correlation coefficientl at indicates the
percentage considered a factor which explains idpgedsion of the values of the regression equaifibis
ration indicates whether a stochastic relationbleipveen y and all the relevant factors is.

This regression and correlation analyssis been done in order to know how employees int pla
evaluate Kanban system operation and the factoichvitifluence it.

In order to know if Kanban system is g@sda visual management system to use in the plant

have to know the employees satisfaction of thisesgsand that satisfaction depends of the visubditgl.



It is understandable that if the visuallity in ghlant as it supposes to be it reduces employe&&aaion

with the existing system. Regression analysisltesue presented in the fig. 21.

Satisfaction with communications and
accordance with visual system
45
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Fig. 21 Relationship between the employee’s satigfia and system’s visualization

The regression coefficient of this relatiomsR =0,9037 Coefficient of determination R= 0,8168.
The connection is positive.

Correlation analysis between relationship hewasy to understand the system and its effecssen
see fig. 22. As we can see, if it is easy to ustded the Kanban system it will work effectivelyher
regression coefficient of this relationship R 0:8490 Coefficient of determination R= 0,7945.

Connection is positive.
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Fig. 22 Relationship between systems effectivebgssasiness to understand it



One more correlation analysis has been donedegithe relationship of the scheduling system &nd i
necessity in the plant, see fig.23. As chart shibvgsbig necessity of the scheduling system Warks as
it has to. The regression coefficient of this tielaship R =0,8454, Coefficient of determination =
0,7147. Correlation is positive.
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Fig. 23 Relationship between the scheduling systedits necessity

According to all correlation values ofoslen aspects we can see that it is quite stroagjae$hip
between it. It is natural and understandable ab®ge these chosen criterions are very important in
successful operation of the Kanban system.

3.4. Analysis of Kanban system implementation in isustrial enterprises

| choose two companies which belong ® shme industry sector and match my criteria in the
investigation. One of the companies has Kanbaresyst some of the areas and still is implementing i
other company does not have this system but hasl laga knows about it. One company is producing
product in UK other one in Lithuania.

These two companies are identical, becafighe exactly the same industry, all the stmgtthe
size of the company, product range, used machimeéoperations which there are producing, number of
employees. | think that comparing these two similampanies is good chose in order to find out & th
Kanban system could be implemented in such a tfpelastry and what benefits it can bring.



Table 13 The main specific features of enterprises

Enterprise TROX UK Ltd. UAB Salda
Activities Production of heating and ventilatipn Production of ventilation equipment.
systems
Number of Employees 51-250 51-250
Products Grilles and Diffusers, Filtersi-ans, Air handling units, Air handling

VAV/CAV, Dampers, Attenuators,units with heat recovery, Heaters and
FCU, Multi Service Chilled Beams, Faroolers, Controllers, Ducts and
Coil Units, Integrated Service Moduledittings, Ducts and fittings for dust
High Density IT Cooling, Decentralisedextraction

ventilation, Standard Chilled Beams

Used Brake presses, double mitre savgpeed laser and plasma cuttipng,
machines/operations | welding robots, powder paint-finish linehydraulic punching, high accuracy
roll forming machines, panel foldingoress brakes, eccentric and deep
machines, guillotines, flangingdrawing presses, heavy-duty
machines, rock-wood & foam cuttingpinning, powder coating, sppt

saws, power presses, punching centeelding, clinching, roll forming

machines and etc. flanging machines and etc.
Product/Service Manufacturing and service industry Manufacturing aervice industry
Description Non-domestic cooling and ventilation equipment jicitbn

3.4.1. Analysis of Kanban system implementation in TROX UKLtd. enterprise

TROX UK Ltd. is apart of the TROX Group headed by Trox GmbHer(@any) which is the
founding company. It is a leading designer and rfeaturer of HVAC (Heating, Ventilating, and Air
Conditioning) and building services solutions witkker 50 years experience in the industry. It was
established in Thetford, England in 1962 (Uniteddtom).

The TROX UK manufacturing philosophy iaskd upon for critical factors that influence the
success of manufacturing enterprise.

» Continuous Improvement

= People Focus

» World-beating Production Practices
* Investment

Company has TROX Production System (TRS8)ch is based on Toyota’s manufacturing 5
fundamentals and 14 tools. Lean Manufacturing imdbéntroduced through the production areas, it



includes Kanban System. Kanban system in someeokégtors in the workshop and company is still
looking for other sectors where they could instalTROX (U.K.) Ltd is trying to achieve Single Uni
Flow which will reduce Work In Progress (WIP), wasind Lead-times.

The plant of implementation process alhglaases which | make analysis of the implemeanati
process in this work are chosen for a product -ef@rills (AFG). This product is in the second @ac
after Chilled Beams, according to the customersasenn the company. The type AFG floor grille has
been specifically developed for mounting in Raigextess Floors in such areas as Computer Rooms,
where load and damage resistance of the utmostrienmme. Having a heavy duty construction, the AFG
can replace 600 mm square floor tiles to handlglgugir or alternatively extract air. Grille bordéepth
can be specified to suit the type of floor systesedi A range of surface finishes is available.

Summary of the Kanban system implememtapirocess for Trox UK Ltd., see appendix 4. It was
created action plan where all necessary stepsthese set in a certain period of time to reach thrpgse.
Was created the period of time was set for theempeitation process of the Kanban System was planned
that it will take 23 weeks(8 months). During this time some problems for iempénting this system
process7 weeks longer, so the occurred implementation pstesk 30weeks (7.5 month). All the
problems and the reasons why these problems odcareeshown in this table. There problems occurred
mainly because lack of information was given angleyees in workshop, who worked in the company
for a very long time, had a pessimistic attitude teew system.

Detailed implementation process phases of thé&aisystem implementation process:
I. Phase —Current state analysis.
Steps which were made in this phase:
Gathering data of sales demand over the last tacsye
Analysis of the data — demand pattern/average déman

Establishment of the existing process route & niatéow.

P W N PE

Chart of the existing process — current state aisly

Planned timéor the phase: 7 weeks; has been done in a pefiddveeks.

Problem:obstacles to obtain statistical data.

Reasontack of information between the departments.

Problem solvingsearching for the information in all departmentsSich could have important
information; better communication with colleges éyplaining them why this importation is very
important and what it could change in the company.

Summary of this phase.



Floor grille is one of the standard pretduin the company. It is the product from the IGgil
Diffusers product group. The quantity of this prodeach year, month is different, it depends of the
costumer demand. According this | made the amalgSiproduction demand analysis which gives the
necessary information about the amount of prodoctlrospected analysis was calculated based on
information obtained from TROX UK Ltd company. Thaealysis is made in accordance with a plan of

manufacture of details for a month. The amountrofipced details is monthly demand of production.

Table 14 Date of the needed demand
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Table 14 presents a monthly demand dwetast couple years of AFG products. Columnseén th

table show the quantities of products that werelpced each month.
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Fig. 34 Chart of the product AFG demand

Fig. 24 presents a chart of the produEGAdemand. We can see that demand of the product is

different each year and month. Yellow line in tihart shows the average demand of each monthi@5s



products in the month. Moreover, it is a seasonatehduring first three month of the year, from Jagu
until March.

According to the date needed demand aad ol the product AFG demand | take that the ayera
quantity of products manufactured for a month i5.16

Also the production process was state@ratpns of the production process, cycle timegaxth
operation, the current number of employees for epaation and changeover times of each operat®n a
shown in current state Value Stream Map, see fig 26

The Current Value Stream Map was cretitatiwould be visually displayed production flowtire
factory including delivery to costumers and recdiveaterial resources from suppliers. Current Value
Stream Map is based on the product manufacturingegss “from door to door”. This process includes:
the provision of basic material resources and tieisproducts shipment to customers.
II. Phase— Preparation for a new system.
Steps which were made in this phase:
Establishment if the Baan BOM structure supportsbéen.
Examination of the options for changing the strietio support Kanban.

Establishment of desired transfer batch size aedigppallet size.

A

Produce factory layout defining Kanban locationargity & positions.

Planned timéor the phase: 9 weeks; has been done in a pefibd weeks.

Problem:Baan system (system which helps to plan and argathie production in the enterprise).
It was difficult to find a person who could knowwdhis system works what this system could supaort
Kanban. Two people in the company can make cordtgur with this system.

Problem Solving Communication with responsible people who canfigare the system by
explaining couple times how it is important thatnan system could run smoothly by supporting of the
existing system.

Summary of this phase.

Baan system support to Kanban systempasdibilities of changing the structure were anadyz
and estimated by IT (Information Technology) depemt support in the company. They change the
system that it could support new one by makingmégarations with it.

Desired batch size was considered toptieeuction monthly and daily demands accordingrio a
analysis which was made in phase-I of the impleatent process and pallet size was specified acegrdi
to it. Because the production process is simplethadlow is always the same to calculate the Kanba
size is very simple, it was calculated by usingdbsheet, see appendix 5. The main formula was tased
make  calculations is  described earlier in  this worksee chapter 2.3.1.
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The layout defining Kanban locations, 8ge26. In the layout is shown five work statiossd the
places where Kanban trolleys/bins are planned tath#oes not represent all the factory, becauss it
concentrated just in these operations where Kasbppose to be. Moreover, we can see the flow of the
destination.

[ll . Phase Design and implementation of the process.
Steps which were made in this phase:

Design and order suitable containers.

Marking the floor with locations & bins with parath.
Drawing up an SOP for Kanban process.

Education of those involved in the re-supply rules

ok~ w0 DdPRE

Running of the system & monitor it.

Planned timéor the Phase: 7 weeks; it has been done in thedef 12 weeks.

Problems First created design of the bins was bad oneaus= of quality issues; the quality
department was not involved in the designing precédso, suppliers run out of the material, so they
could not deliver ordered bins for the Kanban systa time. Moreover, during the education about thi
system employees had a pessimistic approach abisunéw system. In the end it was hard to start
running of the system, because of the problem®wofralling it in proper way, because the workeraldo
work in proper way. Some of the them time by tirnggbt to change the card in Kanban board to show
visual sign what kind of parts it is necessary tartsmanufacture of and the quantity of it; usihg t
containers even if it was not empty till the lasrtp some of them forgot where containers hasdaodst
even if the floor marking is done.

Solving of the problemsn the designing of the bins or trolleys for thegucts that you want to set
for the Kanban all main departments which are corezk with a production in the plant have to be
involved (production engineers, development engsjetesign engineers and quality inspector).

In order to change a view of the empleyedo had to control the system in the workshop was
couple educations used by trying them to explaiy this system is so important to use in the company
and what changes it will make for a plant. Coningllproblems has been solved in similar way as
changing the bad view about the system; it wasagx@tl many times how it has to work in order to
achieve the goals.

Summary of the phase

Containers where design according the of the products and material parts; the quamtiich
had to be in it and the weight of the material. Tlo®mrs were marked to show the location for the

containers where they have to stand as a visual algo as one of the 5s requirements.
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To know how the Kanban system processksvon workshop the SOP (Standard Operation
Procedure) was drawn up which explains how to he&&nban cards and the board of it, see appendix 6
This procedure is included in the education of n#raployees who would be involved to run and cdntro
the system. Everybody has to understand the mé&s of this system in order to run it smoothly. ekft
everybody understood the purpose of this systemhadda view how it works the system is starteduto r
and in the same has to be monitored if it is rugmiithout any problems and mistakes that in thartuit

would be possible to improve it.

Reducing lead times —S ( Immediate delivery possit )

High degree of supply capability ——> ( Focussing on the custon )
Increasing transparency | ——> ( Visually monitoring the invento )
Reducing material inventories| ——> ( Avoiding overproduction by limiting storage ar )
Optimizing the flow of materials) ——> ( No return of material to different warehou )

Fig. 27 Goals and benefits of the Kanban systeifR®X UK Ltd.

The goals which Kanban system has tolréawe been set in the enterprise, and the bemeiih
was has been made. Due to the introduction of t#uwebkn system essential key performance indicators
were positively developed. We can see
¢ Reduced lead times in order the deliver of the gasgbossible immediate. After using Kanban,
the production lead time decreased from 11 daly5,&ldays, it decreased by 50 %, see current
value stream map, which shows the existing sitnatidhe plant according chosen product (fig

29). Also, existing situation after implementing tsystem shows value stream map (fig. 28).
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Fig. 29 Saving time by using Kanban

e High degree of supply chain higher deliverabilifyfbcussing on the customer demand.
¢ Increase transparency of production processesdmaland self controlled process (faster problem
solving, simple for employee, increase of availaapdf parts); Kanban is able to show problems
but can not solve them.
e By reducing material inventory the space savingagased by low inventory levels in the plant.
Greater control and space savings (reduce floaregpa
e Optimizing the flow of materials by making shorv@mtory time and smaller inventory stocks that
reduced inventory costs, no waist (overproductieaiting times). Waiting times before the system
was at least in each station 1 day.
After all period of the implementationopess and training how the system works, at the enobm
where no any big problems or mistakes are by runttirs system. Of course in the future all the time
has to be improved. Trox UK Ltd is trying further implement Kanban system in other aeries of the

plant, in order to improve the inventory managenaet its flow.

3.4.2. Analysis of the ability to use the Kanban syem in UAB Salda enterprise

UAB Salda- is a Lithuanian leader in production of venidat equipment, with 19 years of
experience in the field. The company produces & watige of equipment for ventilation systems. “8ald
has grown up investing in modern technologies andpenents. Barono UB “Salda” was established in
Siauliai, Lithuania in 1990.

UAB Salda,is always investing in modern technologies andiggants so this company is
interested in different organization and managensstem in the production, so this company is

interested in Kanban system too, just they do @eeht yet. According the information, which wileb



collected from a company associated with the Kardymtem installation options will be analyzed and
represented in the final work.
Reasons why should UAB Salda implemeantian system
e Could reduce the production and raw material stoEkdéerprise has big inventory levels of raw
material and prepared parts. Iltems are standinViR (Work in Process) stage, it are not
completed, being fabricated and waiting in the @ustorage.
e The system could help to detect manufacturing deféchappens that situation occurs during the
operations wrong part for producing a product isdy®r because a material/part is without a tag
or wrong information.

There are some obstacles why this enserpias not implemented the system in the plant:

There is a risk if the work is incomplete or wibtrbring any benefits for the plant;

Well-established manufacturing organization pra&ctean not react to the Kanban installation
system requirements and associated changes.

To evaluate the Kanban system performanddAB Salda enterprise as inventory management
system | chose to analyse the material componériteroduct group - Circular duct fans, becatuse i

a standard product and the demand of this produchanging slightly. These products are used for ai
supply or extract in ventilation and air conditiogisystems. Fans are mounted into a system of ramnd
ducts and can be installed in any position; morefses can be mounted on the walls. These fanaare
suitable for polluted air, aggressive and explogiases.

Monthly demand is 1 569 products. Accogdio the cycle times of the operations and leawk ti
was found out that the min of Kanban batch haset8® components in the bin/container, and the max —
320 components, because it could be used two-bnb&asystem.

The main components which are includechéde this product are: bracket, motor, casestralatc
box, capacitor and other small parts (screws, salhlelders and etc.) after analyzing the matefighe
main components | found out that all the time ie 8tock there are 450 components to make these
products (or even more). According to maximum desnahich is needed to be for the Kanban is 320
components. As a result the stock of inventory ddag reduced by Kanban syst@&8 %. A Kanban
pull system could be used to pull the work throtlghsystem to fill the actual demand.

Moreover, with a help of the Kanban sgstewill be visual help to know when and which el
enterprise has to order, as a result company aiée gshe money by not ordering unnecessary material.
Also, the components should be tagged that operatould move it to its designed area, which is magth
more than a place dedicated to specific comportbatsare ready for other operation. This could help

solve existing quality problems, because the opesat



3.4.3. Problems of Implementing Kanban system

Kanban system implementation proces®sotseasy and it takes time to implement it in thenp
before it will start to function. However, Kanbamnc not be implemented in all chosen industry
enterprises. After deep analysis of the empirieakarches the criteria have been set for the eisespin
order to know if the Kanban system could be impletee in their plants. We should understand thatthe
are also failures associated with the introductibanban.

After analysis of the different articlebout the Kanban system implementation process and
spending some time in couple companies which hanpteimented Kanban system we can main problems
why this system does no work as it has to, becaidsgeneral thinking when a kanban system is
introduced to a production site.

Management Very often a reason for failing to implement Kanktarstem has been a lack of
knowledge and some common misunderstandings. Kasystems are not complete within themselves
and are not just systems were information is exgldroy cards. It is much more and depends on a
powerful framework like a production system, contadtemployees willing to change and continuous
improvement activities.

Management thinking must change. Kanbamisarmethod that can be implemented from top to
bottom. Every Kanban cycle is improved by the empés of the processes themselves. It is not the tas
of the management to plan every detail and implérk@mban. The assumption and seeds should be
provided by the management, but employees haveasiheto improve their Kanban cycle. According to
the fact that Kanban requires a pull system anarséwother assumptions change of mindset of the
operator is necessary. This cannot be done in aletenour presentations. Understanding of Kanban is
easy, but realization is difficult. Japanese empésysay that Kanban has to be “lived”. This isrtiuest
important task of the management when Kanban iseimgnted:Ignoring the human aspects of Kanban
systems operation will doom your implementatiofatiore!” (SM Thacker & Associates, 2010).

Running Kanban.For running the Kanban in the organization everybloas to understand how it
works and what they can or can not do. It inclueesrybody who runs the system: producer, “Kanban
coordinator”, “consumer”. Everybody has to underdtéhat control is driven by consumption, i.e. you
can only produce the quantities pulled out of tysteamn.

Producer must not supply defective produdik (of the customer downtime), can not produce
anything without a Kanban card and can not prodecemuch, this will result undefined inventory,
capacity, bottlenecks.

The “Kanban coordinator” is expected to hosroge the capacity utilization of the individual

production areas, minimize the circulating Kanbards (inventory optimization).



The “consumer” must not request more nadtéhan required (the limit is the total numbdr o
circulating cards = maximum inventory); must najuest material prematurely (circulating Kanban sard
without any actual demand).

Bad points.Should be avoided before the implementation of ald&éa system:

High mix, many slow movers/variants.

High variability presents (machine breakdowns, iy@roblems, absenteeism, engineering change,
unreliable suppliers, etc.)

Specialist resources/skills needed.
No effective Master Production Schedule (MPS).

- Cyclic or seasonal demand (unless smoothed by MPS).

- Where team-working has not been introduced andithaial payment incentives are removed.

It is the task of the management to imprdwe ftamework for the successful implementation of
Kanban. The operator is responsible for its impnogets. We have to make sure that all conditions are
met in terms of production technology, organizatimw staffing.

Moreover it is some selection criteriatiog enterprises:
- Equal, constain order calls (~ £20 %) — (see selechatrix table 15); in order
- High degree of production safety (for plants, sigp);
- Moderate set-up times (set-up time/production &he %);
- Qualified workers.

Table 15 Selection matrix

Value of the parts
High Medium Low

5 Q Regular X X
@ = 2| Changing
o O L
Ee 8| gty | X X
0 = -
Z9 Sporadic

demand

The selection matrix shows that the betibofgo implement kanban system would be for emiseg
that have high or medium volume of the parts whdoles not change regular or changes just slightly.
Kanban requires stability — even in seasonal bgsias long as forecasts are stable.

In order to improve the situation in theesprise where Kanban system could be used, first i
necessary to reduce the volatility of the outpegduse it complicates the manufacturing processs&h
variations can be smoothed by elaborating out thestment of production schedules and justifying th
quantities of the produced produce products dgtaihtities.



4. KANBAN SYSTEM IMPLEMENTATION IN INDUSTRIAL ENTER PRISES

After analysing all the research whids lbeen done the Kanban System Implementation model
has been set, which could be useful for the erisapras a help while implementing this system figee
30. The suggested Kanban system implementation Ini@$e main phases, which consist of different
steps. By implementing Kanban System the inventeapagement system would be improved, as a result
production costs would reduce too.

Proposed Kanban System Implementationeinbds three main stages which are composed of

separate very important steps.

4.1.First stage: Planning and Preparation

Steps which has to be done:

1. Become familiar with KanbanTo know what Kanban is, to become familiar withaid to
understand the options it offers.

2. Collect data.lt will help to make decisions based on the falttsicludes: gathering data on sales
demands over past years, changeover times, dowrdorap levels, lead time, operation time, etc.

3. Analysis of DataWe have to know the demand pattern/average derntiares.

4. Value Stream Map. All collected data has to be used to form valtreasn map. It is very
important to know the existing situation in the ggany, which is very important to know where
non-value added processes are to improve it. Cusee analysis which shows the existing
process route, material flows, chart the existimecpss. With a help of value stream map will be
possible to select the components of Kanban thdtwark in the facility. To identify right
components for the Kanban system is very important.

5. Set goals for the Kanbaianban has to achieve goals which will explain whig system has
been used.

6. Calculate the Kanban siz&o calculate the Kanban container size based aemuconditions. For
the calculation is necessary to know changeoveegjmeplenishment interval, productivity rate,

planed downtime (data analyzed before it).



Stage 1: Stage 2: Stage 3:

Planning and Preparation Implementation Control the System
Steps: Steps: Steps:
1. Become Familiar with| 1. Design the Kanban 1. Audit the Kanban

Kanban - Visual signals: 2. Improve the Kanban

Collect Data - Kanban card,;

Analysis of Data - Look-See;

Value Stream Map - Kanban boards and etc.

Calculate the Kanban sizg 2. Train everyone

S S o

Set gals for the Kanban. | 3. Start the Kanban

(implementation).

/ADDIicabIe measures: \/Aoplicable measures: \/Applicable measures: N
Theoretical and practicall Signaling mechanism; Observation;
research; analysis of all rules for operating the system Analysis of the new system;
data; discussion; Valug visual management; New improvements.

Stream Map, Kanban| trainings.

Kcalculating formulas AL AN %

—‘ About 2 months ]74[ About 3 months ]7—[ } ________

Continuous
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Fig. 30 Kanban System Implementation Model
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Information which is needed for calculatisngd evaluating Kanban size is shown in Fig. 31
This flowchart shows the main criterions in whick hvave to pay attention in order to get a right
size of the Kanban. Everything starts from deteemwiinich manufacturing centre is producing the
parts/products that it is necessary to calculaesikbe of it. Also the Bin X which means how many
bins it is necessary to have and the quantity oflpcts/parts in the bin. Then we have to set the
storage location. As a result of the informationstanding consumption point which includes
information about the time frame and safety sto8letween manufacturing centre and
consumption point all the time is circulating trenghnd cycle, which influences the time frame.

The time frame information consists of: gjig time, set-up time, manufacturing cycle time.

Queuing times the time between the arrival of material at@kstation and the start of work on

it.

Safety Stock

Fig. 31 Information Flowchart
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Set-Up timeit is a period required to prepare a device, maghprocess, or system for it to be
ready to function or accept a job. It is a sub$etyole time. [26]
Cycle timeit is the period which requires to complete oneleyd an operation; cycle time is used
on differentiating total duration of a process friagrun time. [27]
Safety stock includes: replenishment lead tioaéch quantity, maximum stock level.
Replenishment lead time...
Batch quantityis the quantity of the parts/products should bedpees after an evaluation of an
inventory analysis.
Maximum stock leveé$ the maximum stock level is that quantity of mialeabove which the stock
of any item should not normally be allowed to q8][
In order to improve Kanban size all these aaterhich have been listed has to be improved first.
This first phase of the implementation @sx is the most important, because it is preparanal
during this time all important information has te lgathered and must be carried out as detailed as
possible.
4.2.Second stage: Implementation

Steps to be done:

1. Design the KanbanAfter the calculations of the quantities neededstpport the production
requirement can design the Kanban. In order toterdae design it is necessary to select the
signalling mechanism, to develop the rules for apen of the Kanban and create a visual
management plan.

It is very important to think and design understrld Kanban visual signals. There are numerous
ways to set up it. It can be common type’s sigoalspecific ones that no one else has ever done.
There are no rules for the visual signals; the ngaial is for it that these signals have to work for
your organization.

Examples of some of the most common types of visigglals:

- Kanban card which has to identify important information abdlé component or product. It can
be simple card or a label attached to a bin orapnat and the bin/container represetite
Kanban. Kanban has to show imporormation system which can include such informmatus:

the material number — to identify the part or prddwptional the description of the part or a
picture; the supplier (or source) of the part adurct; the customer of the part or product; qugntit
per Kanban; the storage location; the way of trartgfion and etc.

- Look-Seeauses floor marking or signals that tell when tpleaish an item. It can be containers

which shows necessity of the products when theyearpty giving a signal to fill it up or used by



colours: yellow, red. Yellow means it is time tglenish and red means you are in the danger
zone.

- Kanban boardsre variation of Kanban cards. The board simpgsusagnet, plastic, chips, etc.
Each object represents a container or productémn.itt works like the Kanban cards.

2. Training. To educate the employees involved in the Kanbacgsses. Everybody has to know
how the system will work and they have to know déyawhat their role is. This is very important
stage, employees have to understand the main puigfohe Kanban and how it has to work,
without understanding and intention from employtes system won't work, because Kanbans are
different from the way most people are used to wagykeveryone using Kanbans must understand
the rules otherwise they are very likely to undemnithe Kanbans. A well-designed and
implemented employee’ training program helps emgdésyto understand and implement Kanban
system betteiThis stage is one of the milestones in the process.

3. Start the KanbanWhen everybody is trained, all visual managemeatqs have to be in the

places, the signals have to be set up, controkpanarked, and the rules completed.

4.3. Third stage: Control the system

Steps to be done:
1. Audit the Kanban After the Kanban starts it has to be monitored auntited all the time. A
person or team has to do it. When auditor discoagmoblem corrective action needs to be taken
immediately.
2. Improve the KanbanAfter implementing Kanban system in the organative have to look for
a ways to improve it. The main purpose is to redneentory quantities.
Kanban is to start with a generous number of Kasbarcontainers, pallets, boxes, etc. Then
systematically reduce the number of containerd timgi point at which the supply of materials is
just in balance with the rate of use is reachedcdygainers are removed from the process, it will
eventually reach the point at which production &agled because the next container has not
arrived yet. At this point add one container to $igstem to bring it back into balance. Moreover,
process can be improved by reducing existing seafiee, downtime and changeovers.
To start the implementing Kanban, soneeneints and stages for successful implementatioa toav
be considered. Each stage is very important andfdahem have to be done. Improvements are always
necessary. Kanban is not like playing cards. lhas enough to understand the Kanban philosophy —

Kanban has to be “livéd



5. CONCLUSIONS

I. After making analysis of scientific methodicakliature of the topic — Kanban system implementation
in industrial enterprises was analyzed the maingples of it.

1. Analysis of the industry definition and Kanban ceptwas done by analyzing the literature of
other authors, as a result | found that this systam help to solve few problems in the
enterprises. The main problem that this systemhedp to solve out — inefficient inventory
managing system in industries.

2. Moreover, the analysis of Kanban classification haen done. The main Kanban types are:
Withdrawal Kanban (transportation) and productioanKan. These two main types are
classified in more detailed sub-types: supplier kean and in-factory Kanban; production
Kanban and signal Kanban. These Kanbans are useliffexent way, according to the
situation in the plant.

3. Also, the basic operation of a Kanban control hasnbanalysed, which demonstrated how
dues-card system of the Kanban is working in otdamderstand how this system works and
how it has to be controlled.

4. Nowadays industry has a very wide range of expoessilt can be seen as an economic sector
which is dominated by production and includes laag®unt of capital or it can be seen as a
grouping of business activities in accordance wéttain features.

[I. After making analysis of industry classificationdaspecific features of it | found out that:

1. There are many different kinds of industries, affigroorganized into different classes or
sectors by a variety of industrial classificatiomglustry is classified by: economic activities,
production types, organizational form of productand size. According to these specifications
| chose to analyze the Kanban Implementation psoedsch will be apply for non-domestic
cooling and ventilation equipment production indyst

2. Each industry has the specific lineaments and remeénts of the products which it is
producing or services are providing. The industhjolr | am analyzing has specific standards
such as: 1ISO 91.140.30; EN779:2002; ISO 16813:2[¥)8;900.

[l . The analysis of theoretical models of Kanbanesysimplementation into industrial enterprises has
been analyzed. This analysis has been made acgduodine suggested models of other authors in doder

know what could be improved in it. After analyzingentioned models for the implementation process |
can maintain that the best classification wouldwiech Mukhopadyay S.K. and Shanker S’ (2005) is



suggesting, because after overall methodology thieied the process into big phases and smaller

particulars, it facilitates the understanding alibetmain process.

IV. The empirical research in the selected industritdrprises of the Kanban system has been made.

5.

Firstly, it was important to analyze and to know tturrent situation in the selected Lithuanian
industry, which is non-domestic cooling and vetitla equipment manufacture, in order to
know its tendencies. All the data was taken fronthuanian Development Agency and
Lithuanian Department of Statistic hence they avenmetent. It was found that the best
situation (comparing from 2006 to 2009 year) wa2008.

It was found that comparing 2006 and 2088 mes are bigger by 3.32 per cent. Even if
during 2009 this industry decreased, accordinght data about*lquarter of 2010 when
incomes are bigger by 45 per cent comparing with92@" Qtr, we can presume that this
industry is starting to rice again. Moreover, @smMfound that the selected sector takes 2.42 per
cent from all of the manufacturing industry.

In the successive part of the empirical reseatehptief interview about the use of the Kanban
system was made for the additional sector — matwiof structural metal products, in order
to compare the prevalence of this system in twieigiht but in the same time similar sectors.
The written questionnaire was prepared on the bafs@nalysed theory on Kanban system
Implementation process. The questionnaire was gulesg¢ly sent by email to the enterprises.
The questionnaire used in the study contained rdifte types of question. One kind of
questions was concentrated on general informationt bhe company; the other type of
questions was concentrated on the actual industintrprises problem. Using Sample Size
calculator it was evaluated confidence interead10.28.Sample size = 27 enterprises.
Regarding e-mail, telephone interview and survegults, | observe that most of the
respondents do not use and have not heard anybimgt the Kanban (50 per cent), less then
half of the respondents (31.8 per cent) have halaodt this system and just the smallest part is
using this system (18.20 per cent).

Survey results shows (according to the analysishvirvas made with a help of SPSS program,
by setting Kruskal-Wallis and Mann-Whitney critésiathat be biggest problem in enterprises
— material management problems, after it goes iaddit production costs, then inventory
management problems, next information supply problestorage problems, quality problems,

and the some additional problems as: low attertbaretails and lack of trained workers.

10.1n order to determine the relation between the pctidn problems and enterprise specification

it was decided to make correlation. In order tokldor more details to the causality, the



correlation was measured by Spearman’s coefficiénbbserve that differences were
statistically significant between storage probleand information supply problems. Moreover,
the regression and correlation analysis was madevatuate a relationship between Kanban
system and its criterions. The connection betwherctiterions such as: employee satisfaction
of this system depends of visualization managensgatem; the effectiveness depends of
easiness to understand the system and the schedyitem depends of its necessity. The
connection between all these variations accordirtge correlation coefficient is very strong.
11.Analysis of the implementation process was mad@R©OX UK Ltd as this company has
implemented this system. This system reduced tbéugtion lead time in the company from
11 days to 5.5 days (by 50 per cent). Moreoverjrthentory management system now is more
stable then it was before. Explained, is the detaifileach implementation process step in this
company, what problems were encountered and hawastsolved.
12.The analysis of the current situation in the emteepUAB Salda has been done, having in
mind if Kanban system should be implemented i\fter the analysis | can maintain that by
implementing Kanban system the inventory levelhis enterprise would reduce by 28.8 per
cent.
. After the analysis of the theoretical and empirieaspects a model of the Kanban system
implementation process for the industrial entegs;isvhich would help to understand and install
this system faster and to avoid main problems whahoccur by implementing this system in the
plant has been proposed.
This model is different from others besaut is easy to understand what stages and steps
should be done, all explanations is given how t&em@ach step and what not to for get. If all the
routines will be tracked consistently like it isosin in the model and adhering to all rules the

implementation process will be shorter accordingtteer authors suggested models.

Suggestions:

. During the research and according to all the amalybich was made. By collecting the data, the
priority of the problems was investigated. | obgethat the Kanban system is bringing great
opportunities to solve the existing problems; tfeee one of the options would be to install this
system. By implementing Kanban system the manageaienventory would improve and would

alleviate other related problems such as long lmaeg, etc.



2. Before implementing this system into the enterprisdias to be fully acquainted with a purposed
model in order to achieve good results. The em@sye the enterprise must be also informed as
much as possible about this system in advance.

3. From the survey, | observe, that one of the repefiects is that the duration of the implementation
is long. My proposal for this problem would be teate a team of 2-3 people, consisting of
production and design staff (different specialigpople have to be involved). This team could take
care about: Kanban System Implementation and dtherovements in the enterprise, in order to

achieve quicker results.
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APPENDIX 1

Cclassification Economic Activities in the Europgaommunity [25]
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Agriculture, forestry and fshing

Mining and guarrying
Manufacturing

Electricity, gas, steam and air conditioning supply

Water supply, sewerage, waste management and remedia-
tion activities

Construction

Wholesale and retzil trade; repair of motor vehicles and mio-
torcycles

Accommaodation and food sarvice activities

Transportation and storage
information and communication
Firnzncial and insurance activities

Real estate activities

Professional, scientific and technical activities
Administrative and support service activities

Public administration and defence; compulsory sodal secu-
rity

Education

Human health and social work activities

Arts, entertainment and recreation

Other service activities

Activities of households as employers; undiferentiated
goods- and services-producing activities of houssholds for
oW use

Activities of extraterritorial organisations and bodies



Kanban Control

APPENDIX 2
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APPENDIX 3
Anketa apie “Kanban” sistemos naudojimp pramonésimonése

Anketos duomenys bus naudojami Kanban sistemosojienalanalizei atlikti bei baigiamajam magistro

darbui parengti.

Darbo tema: “Kanban” sistemos taikymas pragsamorgse

1. Jisy imores pagrindiB VEIKIA? ...t e

2. Kiek Jisy imorgje dirba darbuotey?
01-10 011-50 o 51-250 o 250 — 300 o daugiau nei 300 darbuotpj

3. Didziausiamores produkcijos dalis yra:

o standartiniai gaminiai o nestandartiniai gaminiai o miSri gamyba

4. Jisy nuomone, kokios yra problemos su kuriomis dazmggsisiduriggmon:?

Nesusiduria Retai Daznaj Pastoviai
» Atsargy valdymo sistema 0 0 0 0
» Sanctliavimo valdymo sistema 0 0 0 0
» Papildomos gamybos iSlaidos 0 0 0 0
» Medziag) valdymo sistema 0 0 0 0
» Informacijos tiekimo valdymo problemos 0 0 0 0
» Kokybés problemos 0 0 0 0
» Kita (iraSyKite).........ccevvvvvviviriiiiiiiiiiiiiiinnnd O O O O
» Kita (iraSyKite).........cvvvvvvvvvviiiiiiiiiiiiiiiiinnndd 0 0 0 0
» Kita (iraSyKite).........cevvvvvviiiiiiiiiiiiiiiiiiiieans 0 0 0 0

5. Ar esate susipa#a(usi) su Kanban gamybos valdymo sistema?
o taip o ne o esu girdjes(usi)

6. Ar Jisy imorgje yraidiegta Si gamybos valdymo sistema? (jei atsakyarinkote NE toliau pildyti
anketos nereikia)

o taip o ne o Siuo metu yra diegiama

7. Zisy manymu, kokie yra Kanban sistemos privalumai?

1 Optimizuoja inventorizacijir sumazina produlgtsergjima 1 Sumazina atliekkieki
1 Suteikia lankstumo gamybai 1 Padigtja gamybos apimtis
(] Sumazina visas iSlaidas 1 Geresnis masinpanaudojimas

1 Pagerina gamybos sraut
I 1 =TT = 1S3 (=) PSPPSR



8. Jisy manymu, kokie yra Kanban sistemagktrmai?

1 Sunkiai suprantama sistema 1 Neefektyvi sistema
1 Brangi sistema 1 Létai reaguoja paklausos pokjus
(] KIEA (IFASYKITE) +vvvvvvvrtrtiiiiiii s rmmmmme e e et et e e e e e et e et e teteteee ettt et e eee et eaaaaaaeaaaaaaaaaaaaeaaeaaaaaeaeaeaaaaaeaeaaeeenes

9. Kokios pagrindias klittys atsirado diegiantgsistem? (rasykite)

10. Kiek laiko uztruko Sios sitemos diegimas?
o1-3nmn o3 —-6nmn o 6—9nmn 09-12mn o daugiau nei 12 am

11. &isy manymu, kas pasikéifmorgje idiegus & sistem? (rasykite)



APPENDIX 4

The questionnaire about the “Kanban” system usageniTROK UK Ltd enterprise

Data of the questionnaire will be used for the gsialof the Kanban system and for the preparatidheo
final master thesis.

Thesis: Kanban system implementation in indusémdérprises

1. What is your work position in the company?

2. Is your work experience in the company?

olessthanlyear o 1-3years o 3—-5years o more than 5 years

3. In your opinion, what are the problems that camypfaces in most cases?

Do not Rarely Often | Permanently
have
» [nventory management problems 0 0 0 0
» Storage problems O 0 0 0
= Additional production costs O 0 0 0
» Material management problems 0 0 0 0
» Information supply problems 0 0 0 0
» Quality problems O 0 0 0
" Other (WIte)..........uuuvvvvviiiiiiiiieeeenn. O 0 0 0
m Other (WIte)..........uuuvvvviiiiiiiiiiieeeen. O 0 0 0
m Other (Wrte)...........uvvuveeeiiiiiieeee. O 0 0 0

4. Are you familiar with Kanban production contsyistem?
o yes o no o a little bit

5. Evaluation of the Kanban system:

Ratings

poor below | average| above | excellent
(1) average 3 average (5)

) (4)

Categories

1. Employee satisfaction of this
system

2. Visual management system

3. Scheduling system

4. Necessity

5. Effectiveness

6. Easy to understand




APPENDIX 5

Kanban system implementation process in Trox UK Ltd.

No Steps Period Problems Reason Additional
of time time
1. | Gather data on sales demand over the last tivaveek | Obstacles to obtain statisticdlck of information between the 1 week
years. data. departments.
2. | Analyse the data — demand pattern/avera@&veeks
demand.
3. | Establish the existing process route | &weeks.
material flows.
4. | Chart the existing process — current sta?eveeks
analysis.
5. | Establish if the Baan BOM Structure suppor&weeks| Baan system (system whijdkiot enough people who know by 1 week
Kanban. helps to plan and organize thdetail how this system s
production in the enterprise | working (2 people).
6. | Examine options for changing the structure foweeks
support Kanban.
7. | Establish desired transfer batch size @@dveeks
specify pallet size.
8. | Produce factory layout defining Kanba weeks
locations; quantity & positions.
9. | Design and order suitable containers. 3 weekad Bdesign of the bing;In the design process quality 4 weeks
supplier delays department was not included,;
supplier run out of the material.
10. | Mark floor with locations & bins with part 2 weeks
data.
11.| Draw up an SOP for Kanban process, shovinweeks
in appendix 5.
12. | Educate those involved in the re-supply ruled week | A pessimistic approach to| Bmployees used to work in the 1 week
new system. old order and did saw any neged
to change it.
13. | Run system & monitor. Problems with controlling the“Producers”, “Kanban
system. coordinators”, “consumers’”

misunderstandings.




Kanban size calculation for the AFG material parts

Kanbine size = average usage x replenishment time (days)

APPENDIX 6

Daily average 8
Replenishment time 5
Kanban size 40
Finished AFG
Daily Demand 8 Demand during lead time 40
Production Lead
Time 5 Safety stock level 40
Safety Stock 1 Maximum inventory level 80
Kanban Size 40 Number of kanbans needed 2
Quantity of the parts
Parts Quantity Run time [min] Hours 2 bins [h]
AFG Girille 160 180,8 3,0 6,0
AFG Border 160 310,8 5,2 10,4
Shiffeners 200 86 14 2,9




APPENDIX 7
Standard Operating Procedure for the Kanban SysteniSOP)

Standard Operating Procedure

Title: Kanban ‘T’ card traffic light system.

1. When you are about to start using the reserve stbelgreen area to the red area of the rack.

be noted, an order raised & the ‘T’ card movedanthe yellow column by the planning

2. The ‘T’ cards are checked twice daily by the plagndepartment & any items in the red v

department to signify
this.




3. Once the ordered items have arrived at the lineyaur line leader’s instructions the
reserve stock sealed in a bag should be the @rbietreplenished, the rest of the items
placed in the working tray bin.

4. The ‘T’ card is then moved to the green column &islwell until the next time the

1%

reserve stock bag is torn open.




