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1. INTRODUCTION

The Kanban system is one of the Japanese manufacimethods created by Toyota
(Olsson 2012) Motor Corporation. It is part of thean concept that aims to optimize
production processes. These methods create moshtades, when they are applied to
a manufacturing facility that operates according faull control. Thus the production is
phased according to the actual demand in the tigiet (Slack, Chambers, Johnston &
Betts 2009: 362). The motivation for the researas wreated within the employment
organization that had demand for a Kanban impleatemt project. An additional
benefit for the author was being able to deeperktimavledge of Lean manufacturing
concept and different kinds of Kanban systems botheory and in practice.

1.1 Purpose and Background of the Study

The report researches the actual potential of Kanbgstem in the inventory
management and the manufacturing processes ofneuzeid products based on the
theory and real business life case studies. The iainto objectively outline the
advantages and disadvantages of implementing thebdfa system and define the
theoretical and/or practical reasons behind theselts. The research area includes, but
is not limited to, Industrial Management, OperasioRlanagement, Logistics and
Kanban. The literature review consists of acadeanicles retrieved via EBSCOhost
and ScienceDirect, publications available at acacdibbrary of Tritonia, eBooks and
case studies from various Internet sources andiaddi classified business materials of

the employer company involved.

The purpose of the study is to support a Kanbatesysmplementation project at the

ABB Group, Motors and Generator’s business unWaasa (ABB MoGe) by offering
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feedback and improvement suggestions during thé&lweeoject meetings based on the
practical knowledge gained during the employmentioge at the company and
theoretical research being conducted from varioasources during the thesis
employment. An additional goal of the study wasdésign an application model for
upgraded version of the Kanban system being impiededuring the current project

by utilizing RFID technology.

1.2 Research Challenge and Problem Definition

ABB MoGe aims to optimize the materials managemerder replenishment and/or
inventory control management processes to achiewerlinventory levels, improved
material receiving efficiency and faster stock around times, the chosen research
problem is to define a type of Kanban system thathile to reach these goals. In order
to be able to solve the problem, it is vital to igte according to the research questions
defined below:

B What potential advantages and disadvantages a HKardystem
implementation might cause to the material managempecesses of a

manufacturing facility?

B Could the defined Kanban system be improved withDRERadio

Frequency ldentification) technology?

The proposed outcome of the research is that a d&ardystem, if implemented
properly, will assists in materials managementteelgorocesses at ABB MoGe and

plays an important role in further developing thegistics functions related to the
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production. An additional hypothetical end resulttihat RFID technology is able to
reduce human errors and improve efficiency durihg brder replenishment and
inventory control management processes. ToyotaluBenized several production
practices and created a highly efficient manufaeturenvironment with its Toyota
Production System (TPS) (Bergenwall, Chen & Whidd@ 374). Therefore, it can be
expected that these principles are efficient alsther facilities regardless of the
products.

1.3  Structure of the Study

The structure of the study is following the genegaidelines of academic writing, it can
be divided into four central sections: Introductidvethods, Results and Discussion.
(Luokkakallio 2012: 2). The research paper congistsix main chapters. In addition to
Introduction and Conclusions these include: Kanbhad Kanban System(s), Kanban
Case Studies, Kanban Implementation at ABB MoGe Futdre Kanban Application
Design for ABB MoGe. Main chapters and numerousckapters are carefully chosen
for achieving a balanced entity and to reach aebeihderstanding of Kanban and the
Kanban implementation case project and the systewmdifivations, such as SAP
Kanban installation.

A rough timetable for the thesis employment is fritv@ beginning of September, 2012
until the end of March, 2013. The literature seant analysis, collection of empirical
material and analyses of the empirical materialemeonducted gradually, but also

according to the project schedule and the requinésna the In-house Logistics team.
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1.4 Research Methods

A research strategy is to collect the data byzitiyj academic articles, publications,
eBooks, case studies and additional materials mddaduring employment at the case
company and weekly meetings held during the Kanbaplementation project.
Analyzing methods within the Kanban implementatiproject include defining:
relevant bill-of-materials (BOM) components, demaificcquency of materials,
categorized ABC materials, optimal batch and/oreorsizes, production work center
areas, assembly lines’ structure, warehousingstrinature and potential key suppliers
for Kanban system implementation. Prior to the enirrproject, ABC materials have
been defined based on ABC analysis that is explainea subchapter of the thesis.
BOM materials are also known previously and Kanbaaterials are selected from
them. Part of the project are also employees’ itmgin changes related to the
infrastructure, hardware, software and warehousa arganization, implementation in
practice, piloting stage, application launchingafiresults and possible modifications.
All of the activities are not described in detailthe thesis for protecting the company’s
confidentiality and because they are not entireithiw the core scope of the thesis.
Moreover, the study is mainly structured around lkaanand only the key elements are
defined and included.

The research methods of this study are a combmdigiween structural, qualitative,
and quantitative approaches. Lukka (2013) descrgiasctural research method as
innovative and practical, since it creates and séidowledge via individual thinking
process based on researched findings and analgsesdn theoretical and empirical
information. Its main goal is to define solutiors fictual, real life research problems.
Case studies are one form of structural reseatalkké 2013.) Qualitative research
approaches problems via empirical methods and datwve research is conducted
based on statistical data and figures. The empimedhod is to analyze the case studies

objectively and to define, whether the Kanban systenerally improves the overall
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production processes and inventory management mufaeturing facilities based on
the theory and experiences of selected companigmt@ative research is based on data
obtained from the sources and the ERP system of MBdBe. Additional calculations

are completed with figures of actual componentsl is¢he company’s manufacturing.
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2. KANBAN AND KANBAN SYSTEM

As a side comment: The term Kanban is quite freedgd both as a card and as a
system, thus in this thesis they are differentidigdising kanban, when referring to a
card (or other type of kanban signaling form) ar@hBan with a capital K, when a

system or the whole concept is meant. Howevennredst these might be mixed because

of capitalization rules or other grammatical reason

Kanban is a Japanese term meaning card or signahahufacturing its purpose is to
signal the demand of components for different stagfeproduction processes and thus
operate as an ‘invisible conveyor between themnhb&éams are used to trigger the
movement, production, or supply of fixed amountbatches of components required
for manufacturing operations. The Kanban systenussed to operationalize a pull
control, which main idea is to synchronize the picithn exactly with real customer
demand. It is a vital feature for lean concept¢sithe amount of ‘waste’ created during
the production processes is minimized. (Slack e2@09: 362.) According to Lean
thinking, waste has several forms, such as inefiicilabor time, malfunctioning
machines or equipment, overproduction, and higlentwry levels. If something wastes
time, money, or resources, it is considered to beaste for the production processes
and thus needs to be eliminated or at least migidhigBusinessKknowledgeSource.com
2010).

Naufal, Jaffar, Yosoff and Hayati (2012: 1721-172&fine Kanban system as an
inventory stock control system. Its main functisnto trigger a signal of a product for
production, thus instructing a correct action nelette proceed according to customer
requirements. Kanban system is not a traditionahufecturing strategy based on
customer forecast, such as ‘Push System’. On tmdrary, it aims to minimized

inventory levels and is actually a type of pull mfatturing system. By transforming
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operations from push into pull method, it is poksito prevent high WIP (Work in
Process) inventories, unsynchronized productiocgeges and unnecessary production
of excess stock. Most researchers support a stateswggesting that lead time
reduction and manufacturing excellence could bechead via Kanban system
implementation. (Naufal et al. 2012: 1721-1722.nli@n can also be described as
Japanese production principle that utilizes fixadargity boxes for controlling raw
material procurement via using the empty boxesrdsrimg signals. (ABB Inc. Press
Release, RFID Lab Finland ry 2005: 5.)

According to Naufal et al., Kanban systems functgnutilizing cards (2012: 1722).
Based on vision of the author of this thesis, Kantard is operated as a similar type of
‘tool’ in production than a dam in a river. Dams arsed to regulate the flow and
amount of water in different river sections to met flooding or draught, if the
adjustments are done correctly the flow is smootd aven in each section. As a
comparison to manufacturing, once material flowrape with Kanban cards is as
synchronized, production bottlenecks and invensbogk-outs will be prevented, which
in turn leads to increased efficiency and produfgtin different processes or assembly

line sections and work centers.

Naufal et al. (2012: 1722) proceed to explain ttiere are two types of Kanban
systems; single card and two card. Single card Handystem operates by using a
Production Instruction Kanban (PIK) card that tegg upstream production based on
the downstream demand. Two card Kanban systemzasilialso an additional
Production Withdrawal Kanban (PWK) card, which @ fwithdrawal of required
components based likewise to PIK on downstream ddmiom the stock of

manufacturing facility itself or suppliers’ invemyo (Naufal et al. 2012: 1722.)

However, the author of this thesis is slightly diseing with Naufal et al. relating to
the theory described in the previous paragraph. athkor believes, it should also be

noted that single card Kanban system does not sa&dlyshave to be based on PIK
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card. Moreover, it could actually be argued thaplamenting a single card Kanban
system for PWK card is a better option for manufang facilities that have a vast

supplier network and a nonexistent or trivial inldrcomponent production.

Basically, Kanban is a rather simple parts movensgstem depending on cards and
boxes or containers. Only these will trigger thevement, order, or production of the
required components because an empty storing aditaaKanban card are signaling
that the specific parts have a quite urgent denanah informed assembly line. The
Japanese Kanban management system is more corapkxhe previously described

‘visual record’ procedure is merely a sub-proc€Stsson 2012)

Olsson (2012) states the following advantages ekéinban process in production:

* A simple and understandable process

* Provides quick and precise information

* Low costs associated with the transfer of infororati
* Provides quick response to changes

» Limits over-capacity in processes

* Avoids overproduction

* Minimizes waste

« Control can be maintained

« Delegates responsibility to line workers (Olssot2)

Furthermore, Kanban can be effectively used fortinonus improvement of the
manufacturing process and to define the bottleneakd problems behind them.
Rationalizing the production operations via Kanléh assist in reducing waste and

therefore, supports the Lean concept as well. (DI2912)

The roots of the Kanban system are at Toyota andssembly line based automotive
manufacturing. The Kanban as a materials managetonenhof production was created
already in the 1950s. More recently during the ldsity years, the Kanban has
developed rapidly and is nowadays a significantt mdr optimized manufacturing

environment, which has a major effect on compeditess of the companies even on a
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global scale. (Olsson 2012.) According to Bergehwalal. (2012: 382-383), TPS
process design is based on seven key principlepratices:

Create continuous process flow to bring problenthéosurface.

Use pull systems to avoid overproduction.

Level out the workload (heijunka).

Build a culture of stopping to fix problems, to geiality right the first time.
Standardized tasks are the foundation for contiaumprovement and employee
empowerment.

Use visual control so no problems are hidden.

Use only reliable, thoroughly tested technologyt tBarvers your people and
processes. (Bergenwall et al. 2012: 382-383).

ogkrwbE

No

These practices are gradually able to provide kighiproved operation, if the
principles are implemented correctly to complemegnth production facility’s current
situation and processes. According to Slack ef(2809:297) two-bin and three-bin
Kanban systems are rather straightforward. In thplest case, there are two storing
bins that each have same amount of parts for ptastud he second bin is used to store
the reorder point quantity and the safety stockntjtya while the first bin’s content is
being used for production. After getting emptiddpperates as a kanban signal for the
next reorder quantity replenishment order. Thietgpsystem can be modified and two
or three bins can be replaced by one, if the contedifferentiated and it is clearly
visible, when the reorder point is reached. (Sktckl. 2009: 297.)

2.1 Designing Kanban System

Gross and Mclnnis (2003: 86) state that it is a m@m misconception to assume, it is
enough to define the size of Kanban and becomeapedpo implement. In fact there
are four (4) main steps for successfully implementhe Kanban system. Firstly, one
needs to set container quantities, secondly, dpual® design, thirdly, utilize the design
and lastly, train the design for employees involuedhe operation. The design itself

ought to be considered based on three factorsctamieof the signaling mechanism,
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definition of the rules for operation and creatwinthe visual management plans. All
three of these should be defined based on the Kawni@vpoint of the planned
application for the company’s needs. (Gross e2@03: 86.) Naufal et al. (2012: 1722)
offer more theoretical viewpoint and suggest depielp Kanban system based on a
method with three key elements. Firstly, relevaatameters are gathered, secondly,
total number of kanbans is calculated and lastiyll pnechanism and rule are
established (Naufal et al. 2012: 1722).

Kanban calculations define the optimized quantitkanbans in the planned system.

Relevant production parameters required for thatrulations are:

= Cycle time

= Withdrawal time

= Kanban waiting time
» Replenishment time
= Part variance

= Safety stock amount
= Container capacity

= Customer demand per material.

These parameters are gathered from sources, swamggny’s production department,
‘shop-floor’, history record and customer forecdstr example, the number of PWK
cards can be computed based on a formula (1):

PWK=(D+Ky+a)/c (1)

The variables used in the above calculation, am@ntify of customer demand (D),
kanban waiting (), safety stockd) and container capacity (c). After the calculasion
Kanban flow is visualized and Kanban rule createdorder to assist production
personnel to adapt the transition into a Kanbatesysin this case, the Kanban system
implementation is for a manufacturing company thaeérates based on a push system,
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thus the customer demand is gathered from a fdreoas not from an actual data.
(Naufal et al. 2012: 1722-1723.) Another formuladalculating optimized number of
kanbans is presented below. In formula (2) d isaye demand per hour, L is lead time
in hours, S is safety stock amount and C is coataguantity of material. D and L do
not need to be hours, however, they have to be sameeunit or the formula does not

function. (Lean Sigma Supply Chain 2013.)

N=(dL+S)/C (2)

In the case of a standard Kanban solution, the iISARIizing the formula (3) below for
counting the number of kanbans for materials witiie system. Most of the data is
defined into the control cycles of the Kanban mater (SAP AG. 2013). RT is
replenishment lead time per kanban, AC is averagsumption per time period, Cont
is contents per kanban (quantity of material umita container), SF is safety factor (or
Z factor that most commonly is 1.64 for 95 percstandard distribution) and C is
constant (SAP’s default is 1). (Lean Sigma Supphai@ 2013). Another formula that
SAP uses is for counting the best fixed quantitc@iponents in one kanban box or
other container. With this formula (4) on the npage, the kanban quantity needs to be
available beforehand. The variable descriptionsaardnyms are similar to the formula
(3). (SAP AG. 2013). For defining a safety stocksafety factor, a coefficient C is
needed. It is calculated based on service levalgpéage that is selected based on the
required security level against stock outs. Exampgleentages are 90.0, 95.0, 99.0 and
99.9; their corresponding coefficients are 1.28412.33 and 3.09. (Baudin 2012.)

K=((RT*AC)/Cont)*(SF+C) (3)

Cont=((RT*AC)/(K-C))*SF (4)



Figure 1 below illustrates the Kanban startup psaseording to Gross et al. (2003:
138). Determining the current state of the pro@she company is emphasized and a
vast research is made of the present process.nfbemiation of process description,
amount of scrap (raw materials, component or produastage), production rate,
changeover time, and process downtime is gatherécaalyzed. Based on the current
state, the most suitable kanban quantities arelledéel. After the calculation stage is
complete, designing the Kanban takes place. lnisngortant step that needs to be
planned carefully according to the company’s rezguents and possible limitations.
Before implementing the Kanban system, everyoneluad must be trained of the new
materials management tool and its operation intig&q Gross et al. 2003: 138.)

Design the Kanban

Figure 1 Modified Kanban Process Flow (Gross & Mclnnis 20Q38.)
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A Kanban system can have several forms, but reggraiproduction operation it has
two main functions in refilling the stocks. Firstlgignaling processes to produce
components and secondly, informing material hasdter move components. These
function types are called production kanban andhdvdawal kanban, or make kanban
and move kanban. (Lean Enterprise Institute, 0092 Juntunen (2012: 6) defines
Kanban systems under two main categories: SingteKanban and Dual card Kanban.
The first one has two subcategories: Product Kardrah Generic Kanban (Juntunen
2012: 6.) These are described in more detail iromeg subchapters.

2.1.1 Kanban Cards

The most common form of Kanban is believed to keeuke of kanban cards. This is
mostly because the founder company of Kanban con€epota, is using kanban cards
as their means of signal in the Toyota Productigatedn. However, there are also
reported disadvantages related to them that cammaiverlooked. The most obvious

ones are losing, misplacing or mismanaging thescdf@ross et al. 2003: 90.)

Basically, kanban card is a piece of paper, ofteraiprotective sleeve, traveling
attached on or placed inside the kanban materiatagwer. The card contains
information of the part number or material coded #re fixed batch or order amount of
the container. It might have additional or morecspe information as well. The main
function of the card is to signal the interval afodm of action that production or
material handler operators need to take. The afendoned signal occurs, when the
card is pulled from the container and placed inaedlcolder rack or Kaban post to
inform of the consumption of the kanban parts, /kile container is being moved to an
assembly line or other type of production work eeribr usage. The kanban cards in a
cardholder or post are acting as triggers thatasign the In-house production or
Procurement of a demand for a restocked contgi@eoss et. al 2003: 90-92.) Gross et

al. (2003: 90) determines that “The kanban cardeseilas both a transaction and a
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communication device.” Figure 2 below visualizes example of a kanban card for

ordering parts.

Part Number: 80800-14898
Part Name: 10 V Power Supply
Supplier: Smith Electronics
Vendor Number: 133345
Container Type: Plastic 12 x 14
Container Quantity: 20
Delivery Interval: Daily
Storage Location: Portable Radio Line
Production Operation: 50

Bin Location: C-3
Delivery Location: Dock 5

Figure 2 Kanban Card used for Ordering Parts between Supplel Customer (Gross
& Mclnnis 2003: 91.)

Single card Kanban system is the most traditiondl popular one to be implemented.
This is partly because it is suitable for majoofyproduction facilities that have a stable
manufacturing environments and repetitive produnctieurthermore, it is relatively easy
to implement and adapt. Single card Kanban’s twbcategories are Replacement
Kanban and Capacity Kanban. The first one followistty the pull system principles

and component production is authorized only, ir¢his an actual need and signal or
call for the specific component. Similarly with éflanban systems also the latter
operates based on actual demand, however, the cemipis not specified with kanban,
but has another system for more exact informatimn.fThis Kanban system is suitable
for a production facility with a wide variation @f-house manufactured components

with similar routings and time requirements betweabfierent workstations. As a
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conclusion, generic (or capacity) Kanban has led® WMventory than product (or

replacement) Kanban, but the response time toigimals is longer. (Juntunen 2012: 6)

2.1.2 Look-See

Look-see is a form of Kanban that relies on visighals in replenishment. There are
several types of variations from floor markings amghs to flow lanes and racks. The
main idea is to be able to detect at a glance y&sight, when the kanban materials
need to be replenished. It is recommendable toameht a Kanban system that is at
least partly dependent on visual characteristigsil&ly than with kanban cards, a
container can be used as a kanban signal. In disis, ©iowever, the queues formed by
the containers in a Kanban loop are evaluated baselde fixed quantity and the alarm
limits, which determine the signal color. Figureo® the next page clarifies the
operation of a Look-see Kanban system with contdines used as the signal. Yellow
is an impulse to start operations to restock andksvas a scheduling signal. Red means
that a stock-out is occurring shortly and the siturarequires immediate attention and
action. Logically, green indicates that the inventtevel is on a satisfactory level.
(Gross et al. 2003: 94-95.)
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Figure 3 Look-See Kanban as a Scheduling Tool (Gross & MsIB@03: 94.)

2.1.3 Kanban Boards

The kanban boards are a variation of the kanbasthoéder racks, but the signal cards
are replaced by magnets, plastic chips or othealsei objects. Likewise to the cards,
these symbolize a unit of components in inventgGross et al. 2003: 98.) In my
opinion, the kanban board is basically utilizedhe considerably similar manner than
playing a board game with a couple of friends ailbWing the rules. However, instead
of throwing a random number with a dice and mowng’s (game) piece accordingly,
the inventory levels are constantly being supedviged the signal objects are moved

around the kanban board based on the containey®qath movement inside the factory.

In Figure 4 on the next page, possible movementwdsn awaiting production and

completed work in process on its specific part nermdnd style rows are shown. The
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production or movement decisions are made accotditige visual management based
on the magnet board and the rules that are folloiwedperating the kanban board.
(Gross et al. 2003: 98.)

Process Line A Kanban Board

Awaiting Production
Part Mo. 2387-78 4356-08 35E87-88 B27Te-45
Style A B C A A A B C
Max 4 8 8 10 8
Containers
1 [ M ] [ W]
=
o
]
5
E When a container is As a container is taken
f produced , then a magnet
B i to a workcenter, then a
moves to the Work in
g8 . . magnet moves to the
10 process’ portion of the . . -,
T board ‘Awaiting Froduction
T portion of the board
Completed Work in Process
Fart Mo. 2387-78 ) 4356-08 3A5R87-88 Ba3vo-45
Style A B A A B C
Max 8 4 8 10 5 8
Containers
i L o R ) N
2 R R R R . R
3 Y Y Y R by
4 Y G Y Y Y E Y
5 G Y Y Y ] G
il G G G Y G G
7 G G G G
l G G G G 5 [Red, Yellow, &
_9 G | Green signals
? 5 ~  |fer kanban
T scheduling
R =Red [ ¥ |=velow G =Green [ W] =Magnet
representing
a kanban
container

Figure 4 Set-up and Operation of a Kanban Board with Mag@ét®ss & Mcinnis
2003: 99.)

Figure 5 on the next page demonstrates a type rfekaboard operated with plastic
chips. The layout is different, but the operatimpg@ple is similar to the magnet board.

(Gross et al. 2003: 98.) In the examples, prodoctior make) kanban materials’
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process flows are illustrated. The materials’ mogetms similar, when withdrawal (or

move) kanban materials’ are managed on the board.

Process Line A Kanban Board
PartNo. | Style P‘:’;"::t':gn 1 2 ala|ls || 7| 2] o] w0
.......... [Bed | || [reliow] |Green |
L ] H H ¥ I '
2367-78 A Mowve appropriatehy
, | e Lﬁm&n.l colored chip onto
B i board when puming
. product inio
c inventory
. Yellnwl Lo Green | 1
& y S vy P i i
435600 A \&) EE/ i LR s'i"’,;'sl "’}("- SO
3587-80| =
987945 A - Move apprt_:upriately
colored chip off
board when pulling
B product from
inventory
[

Figure 5 Set-up and Operation of a Kanban Board with Pla€tigps (Gross & Mclnnis
2003: 101.)

2.1.4 Two-Card System

A two-card Kanban system is a hybrid of the Kanbaard and the Kanban cardholder
racks. As the name entitles there are two cardgrees for each kanban box, container
or pallet. These inform the material handlers & storage location inside the factory
and the time the container’s content was produce@ceived. This form of Kanban is

intended to use in a manufacturing environment thaaddition to managing the
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materials movement and production scheduling, reguassistance for supervising
product rotation. The two-card system operates lsameiously with a Kanban card rack
and a FIFO (first-in, first-out) box. It is recomnued to be utilized for floor stacked
items and even pallet sized items. However, isjgeeially vital to maintain the system
according to detailed rules and the operators rieelde trained thoroughly before
implementation. Figure 6 below demonstrates an plewf the possible Kanban cards
that can be operated in a two-card system. (Gitosls 2003: 99-101.)

Complete both cards and place in specified

locations
DL S, BOBOO -14898 Part Number: B0B00 _14698
oy Fickles Part Name: Pickles
Production Line: Salads Production Line: Salads
e s Plastic 12 14 Containar Typs: Plastic 12 x 14
T 00 b Container Quantty: 200 Lbs
Dats Recalvad: o
Storags Location: =t i
Fallet Card Card Box
Place on Pallet and
send to assigned \ Place in Card Box
storage location
i
IN
|Part No: £0800- 14808
| | -—
ouT

Figure 6 Kanban Cards used for a Two-Card System (Gross &Ms 2003: 103.)
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2.1.5 Faxbans and Kanban E-mails

Faxbans and Kanban E-mails are based on the Kar#sdnrmodel, but allow wider and
faster communication within larger plants and betvethe factory and off-site
warehouses or vendors. In this type of Kanban wwolutthe operators need not to
physically be alongside the cards or containersthey are sent via fax or emailed to
the destination. The main guideline is to operateoading to a preset replenishment
notification time and by utilizing a sheet form template, which has been determined
in cooperation between business partners. Thesegumees allow the process proceed
smoothly and without misinterpretations. Since s$lystem is fast responsive, Faxbans
or E-mails are most optimized for deliveries thiag 8 occur frequently, therefore, the
ordering cycle is less than a week and often evedemu a day. By conducting
preplanning and coordination thoroughly shorterdIéiaes are obtained via cutting
through purchasing organizations bureaucracies.@tiee main drawbacks is that the
system relies heavily on key personnel and mighirbeliable during their absences. In
Figure 7 on the next page an example of an ordiRarpan sheet consisting of all the
necessary information, is shown. (Gross et al. 2003-104.)
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Smith Brothers Manufacturing
10101 ABC Street
St. Louis, MO 76890

Date:

24 Hour Delivery Faxban Order Sheet—

Please deliver quantity ordered for tomorrow to the dock
door listed at the specified time. If you have any questions,
then call Jack Jones, Purchasing Manager, at (555) 555-
5555.

Vendor: Acme Supply
Fax # 555-444-4444

Please ship the following items:

1. 6—100 Foot coils of #12 Wire, red insulation
2. 4—Cartons of P/N 234567 switches.

3.

4.
5

Deliver to: Dock door 7
Delivery Time: 8:30 AM

Figure 7 Typical Sheet for Faxban (Gross & Mclnnis 2003: 104

2.1.6 Electronic Kanban

Electronic Kanban is an upgraded version of thebBaxand the restrictions to key
personnel are removed by automating the replenishprecess, thus the system is able
to transmit requirements automatically. Electrokanban could also enable suppliers
to monitor the customer’s inventory level and defiveplacements accordingly. These

systems are usually customized for large compaon@@dorming to their existing
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applications. The implementation process can beadeing, despite the fact that the
electronic Kanban itself is not a complex systerhe Buppliers involved need to be
assisted properly and they must be able to re@mvaccess to the system. (Gross et al.
2003: 105.)

2.1.7 Warehouse Racks

Warehouse racks can be used as Kanban signalingpdyet the system is combined
with another more operational and reliable matemahnagement tool. Since warehouse
racks used as Kanban is basically a look-see systeynof the other form of Kanbans
can be utilized for system enhancement from thealisnanagement viewpoint. The
goal is to maintain the inventory levels of themtein the storage racks. In addition, it is
possible to manage optimized rotation of produmiis the Kanban system’s layout must
be planned carefully. While considering large sjeraspaces, warehouse racks are
recommended to be paired with an electronic Kankarte the performance of this
application is most synchronized. However, eledtroKanbans might become
expensive because of their uniqueness and potgntialgh implementation
expenditures. (Gross et. al 2003: 105-106.)

2.1.8 Move/ Production Kanban

Move/ production Kanban is, as its name entitlespmbination of these two. It is best
utilized in a production facility that manufacturesmponents for its own production.
Move/ production Kanban is used for the communicabetween these different types
of workcenters. Several workcenters order companéwt utilizing a Kanban signal

from the storage for their end product manufactu@md fewer workcenters produce
components for storage according to received Kardignals. The signals used are
move or production Kanban cards that are delivdyetiveen the specified parties.
Figure 8 on the next page illustrates the stepmguw replenishment process with the

move/ production Kanban. Workcenter B requires comemts and Workcenter B
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supermarket linked to the Kanban system. (Groat @003: 106—-107.)

Full container with
move Kanban sent from

warehouse to
workcenter B
A
Workecenter ‘
B >
Move Kanban sent to
warehouse to request
parts

Production Kanban sent from
warehouse fo authorize
production of parts

ro 4 o
Warehouse or > Workcenter
supermarket < A

Full container with
production Kanban sent
to warehouse from
workcenter A

Figure 8 Move/ Production Kanban Process Steps (Gross & Risl2003: 106.)
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Figure 9 Production Instruction Kanban and Parts Retrievaiban (Toyota Motor

Corporation 2013).
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Figure 9 on the previous page is another detaieage of these Kanban systems.
However, in Toyota Motor Corporation these areezhProduction instruction Kanban
and Parts retrieval Kanban systems (2013). Junt(2@&1P: 7—8) introduces yet another
name for the system combination and it is callecalDeard Kanban system. He
highlights that one of the system’s benefit isalslity to provide a possibility for lot
splitting, thus the transfer batch size could besnmaller quantity than the production
batch size is (Juntunen 2012: 7-8).

2.2 MRP vs. Kanban

According to Hyoung-Gon, Hong-Bum, Kitae, Han-lldaRark (2007: 309), material
requirement planning (MRP) utilizes the master dake bill of materials (BOM) and
inventory records in order to generate synchrondath of production and purchase
orders. MRP is a time-phased production plannimd, fout has its limitations for real
time planning (Hyoung-Gon et al. 2007: 309). MUPaler and Garcia enlighten that
MRP systems are commonly used in challenging matwifag environments, which
operate with complex BOMs having numerous companemd rather demanding
production processes consisting of multiple wodges (2005: 74). They are used for
planning and decision making regarding productiad anaterial supply (Mula et al.
2005: 74).
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Figure 10 MRP System Functionality (Modified from Gross & Nk 2003: 181.)

Figure 10 above illustrates the functionality andedsity within a MRP system. The
complete production forecast is created based fomnvation derived from component
forecasts via production schedules, raw materiglirements, BOM’s, routers, lead
time data and safety stock data. Juntunen (2012uggyests an improvement to the
system for dependent products by using the mastetuption schedule, inventory
status records and product structure records as #ey inputs (2012: 2). Nonetheless,
the MRP system is not as reliable in practice ab@ory. There is a possibility to have
complications and uncertainty with market demaraghacity data, costs and resources
that have limited capacity. In addition, adminisba of production processes and
inventory control only based on MRP does not prevagtimized decisions. (Mula et.
al. 2005: 74.) However, Gross et al. (2003: 184)gests that a combination of MRP
and Kanban as production management tools couldig@oseveral gains and
complement the shortcomings of each. On one haeg,recommend utilizing MRP as
a planning tool and to prevent overproduction andh@ other hand to use Kanban for

production scheduling execution on a daily bagi608: 184).



35

2.3 Lean Synchronization

The main idea behind lean synchronization is tdokEneeeting demand precisely and
only at the time of occurrence. Thus there will betstock outs or excess inventory.
Normally, achieving the goal of lean synchronizatimoeans that pull control principles
are being followed. Kanbans are related to leatopbphy because using them is the
most common method of implementing or improvingnleaithin an organization.
(Slack et al. 2009: 349.) If Kanban system is cedplith Just in Time (JIT) practice in
production processes, it is possible to achievewecdd efficiency, reduced operations
costs, improved competitiveness and even reactatpet level of ‘zero inventory’. JIT,
Kanban and waste elimination are principles of Leaanufacturing system, which
thrive towards manufacturing lead time reductionyentory minimization and
throughput improvement. In addition to being catempal as inventory stock control
mechanism, Kanban system is also a tool for magagind controlling material
logistics of manufacturing. (Naufal et. al 201221%1722.)

Slack et al. (2009: 348) are supporting the abafenidion and further state that lean
synchronization is almost synonymous to the corscept'JIT’ and ‘lean operations
principles’. The main goal of lean synchronizatisrio achieve highly optimized flow
of products and services specifically accordingthte customer needs. This enables
reduction of throughput time and elimination ofemtpting delays in production
because of in-process inventories. In a manufagguiacility, it is likely that all the
problems within processes are not realized, sin@@ss inventories are concealing
them. In that sense, inventories are working agaihe business, since process
improvement is hindered. (Slack et al. 2009: 348.)
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In nowadays business environment, it is ratherriéfes to comprehend that the
psychological barrier of completely eliminating ess inventories, which are operating
as ‘safety bumpers’ is relatively high. At timeseith existence might transform

challenging (or seemingly nearly impossible) prdduc orders that are missing parts
into on-time shipments that might otherwise endegpardizing business relations with
important customers. However, if the inventory leigeoptimized, more warehousing

space is freed up for correct inventory and ihis author’s belief that after a while the

problems would be reduced or even become nonekisten

2.4 ABC Analysis

ABC analysis is performed based on the annual ddraad unit values of materials. It
is a popular tool for categorizing inventory to &sfe improved control over the most
critical materials and to transfer attention froesd important ones. ABC analysis was
created on the base of the Pareto principle alsevkras 80/20 rule during the 1950s.
The key figures needed are value per unit in deland annual usage rate of the
materials. The variables are multiplied materiacsfically resulting in annual dollar
usage. These figures are utilized for forming tngsof the A, B and C materials.

Figure 11 on the next page reveals that 20 pewfetiite total annual items demand is
actually equivalent for almost 80 percent of th&ltalollar usage. This 20 percent of
materials is class A. It is vital to make certdiattthere is not going to be any stock outs
with in this category. Class B and C are numerdaus,their value is only about 20
percent of the whole materials. (Min-Chun 2011: &3 Naturally, ABC analysis can be
performed by using also another currency than dollais currency is used in the ABC
analysis theory and explanation, since the ABC rhedes originally created in the
USA.
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Figure 11 ABC Analysis Classification (Lean Sigma Supply G2813).

The basic idea behind ABC analysis is simple, blias been criticized. Even though,
money is an important criterion in nowadays busngserld, ABC model is considered
to be much too greatly focused on the dollar valtienaterials. It is argued that for
gaining more reliable results for inventory contalso other variables should be
considered. These include, but are not limitedldad time, obsolescence, inventory
cost and order size requirements. However, theysisalurns out to be highly complex
after three or more criteria are chosen to be endlassification process. (Min-Chun
2011: 3416.)
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2.5 SAP ERP System

ERP (Enterprise Resource Planning) systems are wempr other similar type of
device, based programs used by companies varyorg 8MEs (small and medium-
sized enterprises) to huge global conglomerateg fMain idea is to synchronize
business processes within the company, in ordenpoove and manage its operations
virtually and concretely. In the employment compaiyhis thesis, SAP system is used
to administrate product selection, warehouse leaets order-delivery chain (ABB Inc.

Press Release, RFID Lab Finland ry 2005: 5.) orenspecifically supply chain (SC).

The SAP ERP system consists of several modules dhatlinked to the actual

departments or process functions of most businesses as materials management,
production planning, warehouse management and mo@nt. The system is meant to
make processes more transparent and decrease thmtaol paper consumed during
business transactions. (Adams 2012.) Master datgs @ vital role in the SAP ERP

system operation and it has to be kept up-to-datk aeated correctly from the

beginning. ERP Wisdom (2012) is following the sdime of thought and suggests that
the challenging, costly and time-consuming impletagon and maintenance of the
system is an SAP ERP system drawback. In addiaoopmplex system might take

years to implement properly. (ERP Wisdom 2012.)

However, from the viewpoint of Kanban implementatibis important to reveal that it
is possible to calculate vital parameters for pobide control in SAP automatically.
The kanban (card) amounts and component quanpgeskanban are significant for
implementation project. These automatic calculati@me done by defining all the
necessary information into the system and usingrte transactions for approval.
The main parameters are used for material ciranaind stock definition. The aim is to
minimize inventory levels by optimizing these paeders. In this case, optimization

means achieving material management level thatvallo minimum inventory, but is on
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a correct level for preventing material shortagéswever, fulfilling these goals can be
done only by monitoring the parameters regularlgaose market and component
demands are changing constantly. (SAP AG 2013.)cBl&as the Kanban process of

SAP is close to following JIT principles and cobkel modified accordingly.

To achieve automatic kanban calculation in SAR d@ritical to maintain control cycles

with standard values and assign supply areas to BOMponents (via production

version or linking supply area to material mastdf)the SAP’s Kanban version is

customized, further prerequisites are needed. Sé&ffonns parameter calculations
based on the results that are received from plgnnin or long-term planning. Main

decisions include selection between long-term ptanrand MRP, the method of

maintaining master data, and defining necessarg b control cycles. The report
‘Change proposal settings for Kanban control cycldsfines propositions for

parameters (kanbans and kanban quantity). Apprevabde with ‘Checking the results
of the kanban calculation’ function. The action dam repeated countless times for
optimizing the Kanban loop. (SAP AG. 2013.)

2.6 RFID Technology

RFID technology forms a complex network and itngaduced in this chapter. There
are three different main categories of tags: actpassive, and semi-passive. These
transponders operate in different radio frequendepending on the country of origin
and their structure. The physics of RFID are simsipie a passive RFID system. The
system’s operating procedure may be described @diogpto the following explanation.
Firstly, an antenna and transceiver generate a fegtjuency field. The tag is activated
as it reaches the RF field. Secondly, as a resyltacesses the signal received and

transmits an RF wave, which is programmed in itagater chip (or memory area) and
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uniquely identifies the tag. Thirdly, the antennetedts the response. Fourthly, the
reader sends this data to the middleware systema host computer. Lastly, after

processing, middleware forwards the data to otlgstems that are meant to have the
information. (Sweeney Il, 2005: 77-81.)

RFID technology can be used to assist and improgeesses involved in numerous
industries, such as automotive, cattle ranchinglthecare, manufacturing, marine
terminal operation, the military, warehousing anstribution systems, retailing, and
transportation (Banks 2007: ix—x). Below is a hgtiof benefits that could be gained

with RFID technology in manufacturing industry:

* Work-in-process tracking
* Quality assurance

» Parts identification

* Inventory control

* Production planning

* Replenishment

* Reverse logistics tracking (Banks 2007: 321).

It could be concluded that “... RFID technologygradually becoming a strategic tool in
warehousing to defeat competitors by improving tustomer service level while
keeping the cost of operation to a minimum” (Baeksal. 2007: 363). However, an
RFID system is not perfect. Srinivasan & Chandras¢R011: 7545) argue that there
are also numerous drawbacks related to RFID. Becaluhe communication via radio
waves, an interference of signals may occur argdalso possible to experience a reader
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or tag collisions. They represent another technploglled MIFARE that has an
evolving potential for replacing RFID in the futurMIFARE has the ability to
overcome the problems RFID currently faces by hgumnore highly developed memory
capacity and improved security aspects. (2011: J3F4&wever, it cannot be denied that
RFID technology is able to provide benefits for esay companies and organizations
also in the future (Srinivasan et al. 2011: 7550).
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3. KANBAN CASE STUDIES

The Kanban case studies are selected and includdtiei thesis because of their
empirical added value. They also contain theory nadide guidelines for the current
Kanban project and the future application. The geato research and learn from
previous Kanban implementations by actual compar@zse studies often provide
valuable information and experiences that can Ipéoéerd. It is also cleaver to research

possible problems or mistakes from other comparnissory.

3.1Case 1, Motor Plant

The first case study is chosen because the comipaowed has a similar field of
business than the company for which the Mastegsithis currently being conducted.
Both manufacture a wide variation of electric metdn the first case study Kanban is
being implemented mainly for stamped metal castitiyt are one of the main
components in motor production. These parts regsjrecial attention because the
supplier’s plant is situated in Mexico and the mat@nufacturing plant is in the central
United States. Therefore, the shipping time is l@mgl the deliveries are weekly
truckload quantities. The main problems are relateshventory management because
forecasting the correct customer demand beforehanextremely difficult. It has
resulted in high inventory levels of castings, silice company tries to avoid frequent
stock-outs that lead to missed delivery dates sreddowntime in production. (Gross et
al. 2003: 223-224.)

The situation before Kanban implementation wasnalag. The total number of
castings for motor production was fifty-two of whichirty-eight were entitled to a
volume that required a stock. Castings were ordered three-week lead-time and the
demand was forecast based on an MRP system. Siacgetnand had high variation
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and the lead time was long, the company ended vipdnan average inventory level of
over eighteen days of production and significantiag®ns in quantities ordered.
Because of large inventory levels the company bakmt warehouse space adding an

unnecessary cost in order to assist its producfdross et al. 2003: 224.)

The solution in the first case study was to impletree pull system and streamline the
supply chain. Kanban was the main tool during finscess. Since the products were
customized, it was impossible to reduce the vamatf customer demand. In addition,

creating a buffer with finished products would hatve helped to decrease the inventory
levels. The supply chain was modified to meet tttea demand and react faster to the
variation. (Gross et al. 2003: 224.)

37328

Inventory in pieces

| O Pre-kanban inventory W22 Apr Inventory 029 Apr Inventory 06 May Inventory

Figure 12 Before and After Inventory Levels (Gross & Mclni2i®3: 232.)
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The final results of the Kanban implementation fa tmotor plant were extremely
promising. Figure 13 on the previous page illusgathe progress gained. The total
guantity of castings was reduced from 37,328 t®22 pieces and the inventory level
decreased from over eighteen days to less tham skases. In addition, the stock-outs

were much less probable with the new system. (Gebak 2003: 231.)

3.2Case 2, Rubber Extrusion Plant

The second case study involves a tier-1 automstipplier and the expansion of one of
its rubber extrusion manufacturing plants. The awas to increase the number of
extrusion lines from three to seven. In order thiewe this, the plant needed to

drastically decrease its work-in-process (WIP) mwoey because of floor space

limitations and working capital constraints. Theei used for the production at the
beginning was also crucial, since the manufactuprogesses later were creating higher
rates of scrap, if the extrudate was able to age lémg. Therefore, an updated

scheduling system was also required, since manaaiggr departments and improving

flow between operations was one of the goals. Dheisn was to implement a Kanban

system that would schedule production and contrt® Wiventory levels. (Gross et al.

2003: 233-234)

Three months after the Kanban implementation, riventory levels were compared to
the starting point. The company used buggies &¥Ktds during the production. Before
Kanban the inventory level was $82,604. This wa8 tidggies of product and 1,060
square feet of storage space. The company wast@hllecrease these numbers into
$47,518, 56 buggies and 560 square feet. As a wsinad, WIP inventory level was
reduced by 42 percent, $35,086 in working capitat waved and 560 square feet of
shop floor space was now freed up to other useest al. 2003: 244)
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3.3Case 3, Valtra Inc., Suolahti

The third case study is describing a cooperati@jept with two Finnish companies,
Valtra Inc. and Vilant Systems Inc. Valtra is a kerleader in tractor industry in the
Nordic countries and has also gained a strong birahdtin America by becoming the
second most popular. Valtra tractors are curresalg worldwide in over 75 countries.
(Manufacturing & Logistics IT Magazine 2009.) Valtis highly customer-focused and
each tractor is customized and made-to-order (®alinc. 2012). Vilant Systems
supplies complete RFID applications and is onéhefrharket leaders in Europe. Vilant
is also strongly customer-oriented and RFID sofevand hardware offered is being
integrated with customers’ own systems during thaplémentation project.
(Manufacturing & Logistics IT Magazine 2009.)

An RFID system was implemented to Valtra’s trademtory in Suolahti, Finland by
Vilant for inbound material flow automation. In atlon to Suolahti, Valtra has another
factory in Mogi das Cruzes, Brazil and both of thetories are defined to be the most
advanced manufacturing plants of the industry. (Macturing & Logistics IT
Magazine 2009.) Nowadays, Valtra prides itself vatiard-winning logistics of which
automating both the material supply process andemahtbuffer management at
Suolahti factory is a good example. The goods wagiprocess at the dock doors is
automated by utilizing RFID gates and RFID equipimddund conveyors. This enables
monitoring inbound logistics’ material stock levatsreal time. The pallets utilized for
transporting the goods inside the factory haveaklesRFID tags attached. The RFID
enabled forklifts are forming the foundation of ¥als RFID system. These vehicles
play an important role, since they are able to teacavailable data from the tags, while
moving correct material pallets from the materiaffér area to the consumption area
for production. This action initiates new ordersedily to the suppliers based on the
information that is converted into Valtra’s ERPtgys. Thus the RFID system triggers

the replenishment process and replacement ordeeligered to the suppliers, when
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material consumption is becoming sufficient andiget buffer quantity is reached at
the material buffer area. The RFID software reveald maintains data of real time
material buffer inventory levels, pending replenignt orders and inbound shipments.
(Vilant Systems 2012.)

By improving material flow with the RFID system, Nfa is practicing one of the key

elements of Lean production philosophy. The positigsults of the implementation,
which vast groundwork initiated already years befibre actual launching of the system
in 2003, are showing in several areas. These ia¢lhdt are not limited to, improved

material handling efficiency, reduced manual errerchanted accuracy in virtual and
physical stock levels, prevented material shortagegproved transparency of the
supply chain regarding suppliers and In-house tmgis added frequency inventory
cycle time, reduced labor costs, and improved itvgrcontrol. Supply Chain Manager
of Valtra, Mr. Timo Husso, clarifies that these moapements were enabled by testing
the designed RFID system as a pilot prior to theadmplementation for production

processes and gaining satisfactory results andriexige from it. He also informs that
Tieto and Liaison were involved with the IT systémgplementation and that the RFID

pilot was conducted with one of the Valtra’'s suprdi Metalpower. Mr. Husso is

planning on further expanding RFID applications asart of developing them at

Valtra’'s Suolahti factory. Improved production tability and internal material

movement automation are already part of the VatRFID system. (Manufacturing &

Logistics IT Magazine 2009.)

The implementation project at Suolahti factory redd to in the preceding paragraphs is
not described in detail publicly, but based on #wailable data and the previous
knowledge of the thesis author; it is possible aoatude that the implemented RFID
system has a Kanban system within that is managegeplenishment process. In the
Valtra’'s Kanban system a triggering signal is tb&om of transporting the goods from a
specified area (storage) to another specific apgad(iction) with an RFID enabled
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forklift that operates as an RFID reader. It is n@ntioned in the source articles, but
typically the RFID readers are installed into th®rK” or close to the lifting
mechanism. Moreover, the author believes that thifeb and consumption areas’
entrance and/or departure “driveways” are quitéagely created into RFID gates or
other type of reader points that are able to collee information of a passing pallet.
Hence, the pallet’s tag is read only, if the objedifted and transferred. The position of
adjustment depends of the application, and the typmodel of reader and vehicle.
Vilant Systems’ RFID readers used by Valtra arewshan Figure 13 below. The
readers operate at immediate closeness to fosklifirk” and on both sides of a

conveyor to provide a reliable communication betwt® tags and readers.

Figure 13 Forklift and Conveyor with RFID Readers at ValtManufacturing &
Logistics IT Magazine 2009.)

3.4Case 4, ABB Inc., Drives Unit, Helsinki

Similarly to the previous case, the fourth casedytus also describing an
implementation project of an RFID system conduatecboperation by two companies;
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ABB Inc. Drives business unit in Helsinki, Finlaadd its collaboration partner Vilant
Systems Inc. ABB Drives employs approximately 7@0me at its Pitdjanmaki factory
that operates for developing, manufacturing andketarg frequency converters. Vilant
is a Finnish RFID application provider, which ca@npetence is operating as an RFID
system integrator, including supplying software dmafdware systems, related to
applications for improving logistics processes. Tether project cooperation partners
of ABB Drives were Tekes and VTT. (ABB Inc. Pressléase, RFID Lab Finland ry
2005: 4.) The RFID system is rather similar thea tine implemented at Valta, but
ABB Drives case has an empirical value for the ithes well, since it has a more

detailed description of the RFID system with iteegrated Kanban process.

On April 4, 2005 ABB Inc. published a press relesis& informed of the ongoing
implementation project of an RFID system at ABB V@d' Pitdjanmaki factory.

Because of this project, ABB became a pioneer ®REID technology application for
material logistics and order-delivery chain managetrin Finland. Since ABB Drives
was a RFID technology forerunner in a manufactuand logistics solution at the time
of the implementation, the system was especialigfally planned, tested and piloted
with selected suppliers. (ABB Inc. Press ReleagdDR.ab Finland ry 2005: 1.)

The first stage of the RFID application of ABB Dewis illustrated in the Figure 14 on
the next page. This new type of raw material leggstmanagement in Finland is
consisting of a combination of Kanban process cgolg RFID technology and is being
applied between the manufacturing plant (ABB Drjvasd component suppliers. ABB
Drives has about 150 component producing suppbérshich one tenth is utilizing
standardized (Kanban) raw material boxes. Whenspramed to the loading dock,
empty raw material boxes trigger a replenishmerteor The order automatically
becomes visible to the suppliers’ extranet. Aftalfilfing the order, the supplier
reprograms an electronic reference to the RFIDatégched to the replenished boxes
and they will be delivered back to ABB Drives. T¢@ods receiving process is virtually



49

automated and the data of the delivered raw mégasiaransferred into the SAP system
after transportation through an RFID forklift dritlerough gate. Thus there is no need
for delivery slips or packing lists. (ABB Inc. PeeRelease, RFID Lab Finland ry 2005:
1)

Empty Kanban boxes Manufacturing plant Automated
goods
reception and
material data

B transfer

Replenished
Kanban boxes
delivered with
electronic
admission note

Material order
triggered to the
supplier extranet

Figure 14 RFID enabled Kanban System of ABB Drives (Creategtb on ABB Inc.
Press Release, RFID Lab Finland ry 2005: 1)

The ability to identify several transport units'tents simultaneously by utilizing RFID
forklift drive-through gates and transforming RFtBys into electrical delivery notes
are definite advantages of an RFID system at Pitdg&i. In addition to Kanban boxes,

the installed system is able to receive pallets halk material without additional
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configurations. (ABB Inc. Press Release, RFID Lailaad ry 2005: 3.Following the
Kanban process cycle picture is a photo (Figure df5an RFID forklift gate with

Vilant's RFID readers at Pitdjanmaki factory of AEBives.

Figure 15 RFID Forklift Drive-Through Gate and a Pallet wiRFID Tag at ABB
Drives (ABB Inc. Press Release, RFID Lab Finlan@095: 2)

In addition to being a pioneer, ABB Drives implertesha system based on UHF (ultra-
high frequency) RFID technology that is the mosttayolate and efficient version of
RFID. The hardware enabling its usage became d@ila Europe during 2004, which
Is the same year that ABB started its implememafithe project was scheduled to last
about a year. The implementation and testing werelucted during the fall and the
system was being launched for the production ineDdaer 2004. By the end of June in
2005, the fifteen chosen suppliers for piloting ggavere hooked into the system.

However, the operation is considerably simplertfeg suppliers than to ABB Drives
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and the actual implementation at the vendors’ psemicould last as little as half an
hour. Vilant provided a complete system for ABB ahd package included process
consultancy, RFID measurement services, devicallagbns and software system

integration services. The latter consisted of REtftware system and extranet system
implementation and integrating the systems with ABives’ ERP system, SAP R/3.

The IT system managing RFID tags’ data makes tpelgwchain more transparent by

enabling location and status monitoring of the stepts. This information can be

shared via extranet user accounts for supplieization. (ABB Inc. Press Release,

RFID Lab Finland ry 2005: 3-4.)

During this first stage of the RFID system implenation, ABB Drives was focused to
automate its Kanban orders. The goal is to gragusiipand the system to cover
approximately 60 percent of the yearly 160,000 gooeceipts at the factory. The
challenges linked to the system expansion aremtetnal, but they are related to the
vendors. To avoid these potentially forming inteawlbacks, it is vital to get the
suppliers on board with the project and train th@operly to use RFID tags instead of
regular delivery slips. (ABB Inc. Press ReleaselDRIEab Finland ry 2005: 3.)

After the successful pioneering implementation BBADrives, CEO of Vilant, Mr.
Antti Virkkunen is encouraging other Finnish indiet companies to consider RFID
technology for improving their own processes. Hekasizes that in the case of ABB,
the challenges surfacing out of a new technologie ieeen solved once in an authentic
environment, varying from the selection of an RE#g to SAP R/3 integration (ABB
Inc. Press Release, RFID Lab Finland ry 2005: K1). Antti Permala of VTT was
involved with the project as an RFID and Logist&secialist. He is also pleased with
ABB'’s project and clarifies that the company hakwated the profits and savings of
the complete chain, invested into the system and ofers its suppliers the possibility
of connecting into real time information flow (ABBic. Press Release, RFID Lab
Finland ry 2005: 3.). This is groundbreaking in |&hmd and a textbook example of
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maximizing the benefits of RFID technology in a glypchain. Technology Specialist
of Tekes, Mr. Jouko Hautamaki was glad that Tekas part of the project and states
that the implementation enabled the project teantedd the way and reveal gains
achieved to a larger audience. (ABB Inc. Press@®eleRFID Lab Finland ry 2005: 3.)

Logistics Director of ABB Drives in Pitgjanmaki arttie owner of aforedescribed

project, Mr. Harri Heimonen enlightens that theywdgreviously been able to get

hundred percent of our suppliers to utilize our ayasods receipt barcode standard. We
believe that after discovering the system benedits, suppliers will also want to take

the next step and shift into the world of RFID. Quoject has awakened also a lot of
internal interest globally within ABB (ABB Inc. Pse Release, RFID Lab Finland ry
2005: 3.)

ABB is now aiming at constant development regardREID technology and is
researching other potential application possiksitifor improving monitoring and
managing the material flows with the assistancene# automatic identification and
software technologies. (ABB Inc. Press ReleasePREDb Finland ry 2005: 3Yilant
Systems (2012) describes the project objectiveARB Drives to be optimization of
the inbound material flow and acceleration of thglenishment order triggering process
for Kanban boxes. The results were notable. Mdtex@eiving efficiency increased, but
manual labor and human errors decreased. The Kardmader process quickened,
stock turnaround times became faster and inveméwsis were reduced. Thus the goals

were achieved and even exceeded. (Vilant Syste@. 20

It is problematic to analyze the ABB Drives’ prdjemompletely objectively, since
everything written in the press release and awlaris also partly advertisement of the
RFID technology and the companies involved. On baed, the benefits gained are

strongly highlighted, on the other hand, problemdswbacks and errors possibly
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evolved during the implementation are absent froensources. However, a pioneering
project being perfectly successful during all sfstages could be considered a physical
impossibility. Nevertheless, the press release wagaluable source and included
important and detailed information about combinthg Kanban system with RFID
technology. This is considered in chapter 5 of tthesis that presents a suggestion of

RFID Kanban application design.



54

4. KANBAN IMPLEMENTATION IN ABB’'S MOTORS AND
GENERATORS BUSINESS UNIT IN VAASA

The ABB Group is a global power and automation mebtbgies organization that has
gained a leading role in the market. The comparg dyerations approximately in
hundred countries and its shares are traded irsttiek market of Zurich, Stockholm
and New York. ABB is divided into five main divisis, which are organized into
specific business units having different core compeies based on various industries
and product categories. The main divisions are PoRm@ducts, Power Systems,
Discrete Automation and Motion, Low Voltage Produanhd Process Automation. The
thesis is focused on Motors and Generators busun@s¢BU) in Vaasa, Finland. One
of the key facts relating to the unit is that ABBaurrently the world’s largest supplier

of industrial electric motors and drives. (ABB 2013

ABB’s Motors and Generators business unit in Vaésam now on called ‘ABB
MoGe' in the thesis) produces electrical motorg tienerally have approximately 150
different components. The material handling, prement and production challenges
increase because ABB MoGe factories manufactureéocused motors based on
customers’ individual requirements and wishes. &iaclarge amount of customer
orders are linked to manufacturing ocean vesselarge marine ships, the customers
have a strict schedule that should not be comperiiecause of the in-house logistics,
purchasing or logistics troubles. If the motors ofantured by ABB MoGe are late,
these marine customers will face considerable mdadik expenditures, since their
projects have to be delayed as well. It is nearlpassible to install the motors into a
vessel or ship after it is build, and therefore wiele project often needs to be put on
hold until the motors’ arrival. If the project igished late, it could even have an effect
on the customer satisfaction of the company thaABB MoGe’s client. Naturally, this

in turn results in causing dissatisfaction alsahie customer of ABB MoGe. At its
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worse, the company can start losing orders and wgmchaving an untrustworthy

reputation among its potential customers.

Because of the fact that the motors manufacturedBB MoGe are customized, it is
increasingly complex to forecast the demand of rtfaerials and a high variance in
demand is part of the nature of business. Whileyemg customized products the
BOM is varying greatly and it is difficult to manmagnly with MRP. All the assembly
lines of the two factories (MM and KK) in Vaasa gn@ducing motors of their own
specific size range. The main components are agthagd stored close to the assembly
line they are needed, but some parts are usedvenas@ssembly lines of the factories
and have to be considered accordingly. Howeves, ¢hallenging to order or move all
of these materials in a way that is optimized, sitlte demand varies based on the
production orders. Often the confusion results m aalditional labor for In-house
Logistics or Production operators and is time-comsg. For example, MM factory has
had five (5) assembly lines spread in two flooree Tassembly lines upstairs are not

straight or side-by-side and therefore need manéngt space for common materials.

4.1Background of Kanban Implementation Project, ABB MoGe

ABB’s MoGe business unit in Vaasa is currentlyimitilg inventory management that
includes bulk materials, made-to-order (MTO) congr@s in varying quantities,
vendor managed inventory (VMI) and re-order poROP) materials. The latter two
material groups are basically based on two- oretlinia look-see Kanban system.
However there are major drawbacks involved andkstats or misplaced components
are a daily problem that greatly affects productegatively. VMI and ROP materials
are at the focal point of this thesis, whereas, M@ bulk materials are not considered

becoming part of the Kanban system.
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Figure 16 on the following page illustrates ABB M&6& vision of the material groups
that are used in production and the purchasing edstlused within the company.
Materials are divided into customer specific andndard components. These main
categories are then specified according to thettheoilead time, the frequency of usage
and the unit price amount. Purchasing methods fstomer specific materials are
Purchase Requisition (PR)-list and JIT because NdR¥luction method is used for
controlling the availabilities or inventories. Stiand materials are operated based on
ROP and VMI. Their purchasing methods are dividetb iPull, Kanban and JIT.
(Global Value Chain Team 2012: 6). The other categtion is made from the
procurement department’s viewpoint and materiaks divided into Buy to Project
(customer specific materials) and Buy to Stockn@#ad materials). Fundamentally,
MRP is used for the first material group and iniadd to MRP, call-off (JIT or Pull),
3 party logistics (VMI), 2-bin (a basic form of Kaat) and ROP are utilized for the
second group. (Global Value Chain Team 2012: 2).
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Material groups - purchasing methods

Material
Customer Standard
specific /\
Long LT ShortLT LonglLT ShortLT
High High Low High Low High Low
turns turns turns turns turns turns turns turns

AT AT A YN AN YNAYVAN

High Low High Low High Low High Low High Low High Low High Low High Low
price price price price price price price price price price Price price price price price price

T e
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Figure 16 Material Groups and Purchasing Methods. (GlobalaChain Team 2012:
6.)

The replenishment procedure of re-order point (R@Rberials is defined in the Figure
17 on the next page. Curves are illustrating thewarhof existing inventory in pieces
(Q) at the time (t). The amount above ROP linensugh for the production, but below
the line is the amount (D) that is required for darction during the time that order
placed after reaching ROP amount will be filledeThad time (L) of supplier should
also include ABB MoGe’s average time that is sgenteview the materials or stocks.
The final measure of ROP procedure for preventingksouts is safety stock (SS) level
that is enough to cover the amount needed in ptamutor a while, if something goes
wrong or the delivery is delayed and DL amounta$ sufficient. SS’s function is to

compensate variations in lead time and demand cBlsifixed order point is reached,
whenever the ROP line is met by inventory level.tdfials also have fixed order
guantities. Thus the order is placed at the righietto prevent stock outs of vital
components and not to receive excess inventory. cbineect amounts for forming a

ROP model are carefully defined and/or calculatesed on formulas defining variables
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and average demand of materials. One of the RORIbenefits is that it enables the
use of an ERP system. (Juntunen 2012: 3-4). Emgerpgsource planning system is a
companywide software system that integrates diffedepartments and aims more
synchronized operations within organization (WdifL2). Thus SAP can be operated in

ABB MoGe to support the ROP replenishment procedure

A Inventory on hand
I(t) A

rder order

ROP

mean demand durin

supply lead time: D

\ safety stock SS |

Time t

»

Figure 17 Re-Order Point Definition (Juntunen 2012: 3)

VMI procedure shifts the reliability of stock replshment and inventory control from a
customer to the vendors. The customer does not teestibmit orders because the
vendors take responsibility of the inventory cohtdMI is at times also called as
supplier managed inventory (SMI) or co-managed nitwg. In theory, VMI has
considerable advantages for the customer compamgserlinclude increased retail and
supplier sales, and decreased inventory carrymagsaction and manufacturing costs.



59

Pros are normally gained by reduced stock outsngttrading relationships, degreased
cycle times, amount of inventory, ordering costd arore up-to-date sales information,
improved priorities and reduced coordination expeme. (Juntunen 2012: 2).
However, in ABB MoGe some of the problems are cdubg not being able to
completely synchronize the warehouse managemetgnsgswith the different parties
and thus the process is not operating in real amé sometimes there is a significant
delay in information flow. This in turn can leadorstock outs in production of critical

materials.

VMI also has theoretical disadvantages, which neede considered. Outsourcing
operations increases vendor's administrative casts the risk of losing control and
flexibility over processes. In addition VMI is hatd utilize with volume discounts and
other special pricing, and in the short run theleneighment system becomes more
complicated for the customer. As a conclusion VMbvdes improved results with
articles that have a short lead time and a capaigelier that is willing to negotiate a
long-term purchase contract. (Juntunen 2012: 2¢. rEplenishment process must also
be operating as real time as possible, or the garesharder to achieve and the
drawbacks are more difficult to avoid.

In ABB MoGe VMI procedure is adopted by outsourcidgmand based inventory
control of certain standard materials or materimugs to the vendor or3party
logistics partner, Piccolo Logistics Inc., DHL Lsgcs Inc. and Bufab Finland Inc. By
the end of 2012 the cooperation with DHL regarditMgl materials is discontinued and
it needs to be at least partly replaced by an a&aaban system. From the beginning
of 2013, ABB MoGe’s In-house Logistics departmerit hhandle the transition. Bufab
is mainly delivering bulk materials, such as batsd screws, therefore, it is seen as
Logistics partner that has important part of th@racess inventory and the cooperation
iIs continuing. Piccolo will also remain as a Lomist partner and currently its

warehousing and logistics operations are vital BBAVMoGe’s production. However,
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the procedure with VMI replenishment is eventuallying to be replaced with the

Kanban system.

Since ABB MoGe has outsourced its warehousing ¢ijoeia partly to Piccolo, the
company has become a major raw materials and coanpomvarehouse that is storing
components and materials varying from stator frama®rs and end shields to valve
discs, outer covers and terminal box frames. Piac®lsituated at the same industrial
yard area than ABB MoGe and several other ABB'syrfout the most concerning
disadvantage is that raw materials and componeetslagt or misplaced also in
Piccolo’s warehouse. The inventory control is n@ngparent enough between the
partners and it is not highly synchronized or opegain real-time. The systems of both
companies have a possibility for human error, toeeg they sometimes happen. Some
of the inventory records held in SAP are yearsanld it is frequently unclear, does the
material quantity only exist virtually or is it alsstored somewhere in the warehouse
area. Usually these mix-ups in inventory recordpiire a lot of additional labor, since

they cannot be solved only based on the warehossens(s) or SAP.

Made-to-order components are probably the mostariin inventory management. If

these materials are not in their right place atidpat time, the assembly line needs to be
stopped until the part is found and/or the WIP-mdtas to be lifted aside, and at least
one employee starts searching the missing parte&ih the motor orders manufactured
in ABB MoGe are based on customers’ needs, theresavreral types of made-to-order
parts, such as stators, rotors, special coloredtgaiachometers, brakes and squirrel
cage motors. These parts often do not have hugeiners or are delivered in large

batches; therefore, it is extremely difficult tacéde them, if they are for some reason
misplaced or stored incorrectly. However, theséspeannot be included in the Kanban
system because their yearly demand does not meetriteria explained in the next

subchapter.
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The thesis will concentrate on managing materialsch each affects over 200 motors
per year, thus the gains made are making a langerovement in production. As an

additional bonus, the author believes that it Wwdlcome more organized to store and
locate the made-to-order components, after the &ardlystem is implemented and the

In-house Logistics operations of ABB MoGe are tmae synchronized.

In addition to misplaced materials, a major probisralso the regularity and existence
of component stock-outs. These are quite ofteria@lto the materials that have a large
yearly demand and are needed in producing modteofrtotors. Since the warehouse
system or SAP is not operating in real-time andelage errors in the inventory records,
these appear as a unwanted surprise, when the oemips already required in the
production. Often the materials are not found dreldurrent inventory records of the
material have to be deleted. A new order is plamedPiccolo, DHL, Bufab or for
another supplier, depending of the material andvtslability.

4.2Kanban Application Pilot, ABB MoGe

Before the Kanban system implementation of ABB Mp{Eés vital to consider that it
will affect three different sections from two fag&s. This creates challenges and
requires a throughout planning. There are threenraagas of production in ABB’s
Motors and generators unit in Vaasa that each rneedave components and raw
materials at hand. In addition, these areas hasie divn demand and a certain material
might not fill Kanban specifications in all areaBactory MM has upstairs and
downstairs areas and factory KK has only one feyea on which the motor production
Is concentrated. Even though, the electrical mateasufactured vary greatly in frame
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size between these two plants, there are compoaedtsaw materials that are used in
both factories. ABB MoGe’s motors produced in KKryw&rom 80 to 250 millimeters
and in MM from 280 to 450 millimeters (Penttinenl20 12). One of the criterions for
becoming a Kanban material was thus ruled basetiewhole component demand of
the ABB MoGe.

Kanban materials were selected mainly accordingnt@verage yearly demand. If the
average yearly demand of a material was over 2@0) then it was considered to
become a Kanban material. Most of these were pusiyoROP materials. Another
criterion was to have an even consumption andwhss estimated based on an average
weekly demand. It was also considered importahiaiee a value range (€) of material’'s
weekly demand on a sensible level. In addition,dhesen suppliers were to be close
range businesses, hence to allow starting the Kaimbplementation with parts that are
fast to deliver, in case a mix up is formed dutimg Pilot phase, while ordering via new
system. Additional aims were to review the ROP mi@te based on their current
demand, and to look into potential Kanban companatgo outside the group of all
ROP parts, for example within current bulk or othegh demand materials. The goal

was to have less ROP materials and a justified atnafKanban materials.

4.2.1 Falco Project

The new upcoming layout plan of ABB MoGe, relatioga project called Falco, had an
effect on choosing the Kanban materials as welthénnear future, there will be only
two assembly lines (upstairs and downstairs) atNefactory with greater production
volume via process optimization. The first improvaessembly line will be launched in
the beginning of week 13, so the starting dateidsbe March 25 in 2013. Therefore,
the potential Kanban materials were also evalubésagd on their future assembly lines,

in order to being able to define the correct Kanslaeif.
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Hiipakka further describes ABB MoGe’s Falco projent reveals that the mission is to
create conditions for being able to produce eleatmbtors with a lead time of four

weeks. The goal is to manufacture them from theroréceiving all the way to loading

the end products into a transportation truck duting set mission timeframe. The
process and potential of creating a centralizedelauwse(s) for better achieving the
goals of Falco project and improving the plannetirig of motor specific parts at ABB

MoGe was researched in her thesis (2012: 12.) €aeproduction model and layout is
targeting to double the production capacity in ABBGe. All the warehouse tasks that
fail to add value to the end product have to benielated. In-house Logistics

department has a key responsibility in maximizimgdoiction processes by providing
right components, to the right place, at the righe. (Hiipakka 2012: 59).

4.2.2 Kanban Implementation Plan

The first official Kanban meeting was held on Seger 28, 2012. There were white-
collar employees from In-house Logistics, Outbolwodistics, Purchasing, Production
and Information Technology (IT) divisions presefstpresentation was also held by a
supply managerial person from ABB’s Low Voltage t8yss business unit because they
are already using a Kanban system for supportirey gfoduction processes. The
planning of ABB MoGe’s Kanban system had begun feeks earlier within In-bound
Logistics division by chosen employees and a smaiketing had already taken place a

week earlier.

A general outline was decided and responsibilittesre divided among the key
personnel of the divisions. In-house Logistics pred criteria for selecting Kanban
materials and Procurement deparment’s key persaimode potential candidates. In-

house Logistics made also own selections, combthedExcel-lists and made final



64

decisions. After the task was concluded, the folhgwinformation about the Kanban

materials was available:

Material code
Material description
Supplier

Assembly line
Production area
Order or batch size

NN N NN N

Average yearly demand

In-house Logistics’ key personnel modified the &sen further by computing a suitable
fixed order size and defining a proper storing uyite for each material. ABB MoGe

had done an ABC Analysis for ROP materials eadrat Safety Stock limits were also
defined previously. Therefore, these were not diumeng the Kanban project. Instead,
Procurement department relied on the professianab$ purchasers and previously
computed definitions of chosen materials. Basetherpurchase contract negotiations,
it has been confirmed that the suppliers are pesptr modify the batch and/or delivery

sizes according the upcoming needs of ABB MoGe.

One of the goals was to reduce the current ROPriastdoy 50 percent. Since the
starting point was 560 materials, the aim becam@ @28mponents. The Kanban
materials for Assembly line 2 were defined firshce the Pilot 1 is starting there. The
result was 108 materials. Next, other materials Assembly line 1 and the future
assembly lines in the KK factory were considered #me total was 147 materials.
Based on these figures the total amount of plaht@tan materials will be 255 for the
Pilot phases. Since ROP materials are being redaded in other means than

converting them into Kanban materials, the endltésguite close to the original goal.
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ROP materials will be revised based on their uddate average yearly demand and this
procedure itself will decrease the amount greatly ather purchasing methods are to
be utilized in the near future. These require modlifons in SAP, negotiations with
suppliers and alterations in purchasing process,irbthe end will reduce inventory
costs and free storing space. From the beginnir®®8, In-house Logistics department
assigns resources for replacing personnel handtimg previously outsourced
procurement goods deliveries and assists duringdhsit time of implementation.

4.2.3 Kanban Implementation Schedule and Suppliers

The first stage of the Kanban Implementation prioggcABB MoGe is planned to last
until June 30, 2013, which is the end of week 2Be Bssembly line AL2 will be
launched in two phases. After Easter vacations pnl &, 2013 former AL55 will be
transformed and on April 29, the AL35 is combine¢hwAL55 to form the new AL2.
AL35 will be thus completely in the downstairs detMM factory. There are to be
seven pilot phases, Pilot 1, Pilot 2, Pilot 3 andos. Pilot 1 is to involve only the
(upcoming) assembly line 2 (AL2) and Pilot 2 wilgage also the (future) assembly
line 1 (AL1) and the assembly lines at the KK fagtoAfter this ABB MoGe has a

Kanban system in both factories and all assembésli

Figure 18 on the following page defines the maitioas performed till week five (5).
Pilot 3 gets started in the beginning of week sg@nin addition to the meetings held
and Kanban research performed prior the actuakptdjhe planning stage lasts ten (10)
weeks. By the end of week 50, the overall planrang obtaining functionality into
SAP should be completed. During the week 51, MaBtga regarding the first pilot
materials should be updated in SAP. The standamb#&@ application has naturally

been tested before launching it into the actuainess side of SAP. Trainings for the
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employees involved are held frequently until thegedure is clear in SAP and in
practice. The assembly of Kanban shelves is schddallast two weeks and planned to
begin during week 50, however, there is a minorfusion currently with the future
layout and it causes a bit of a delay. This in tonight postpone the launching of Pilot
1.

Kanban Implementation Schedule

Action

Planning

Funtionality, SAP

Master Data updates for Pilot materials, SAP
Assembly of Kanban shelves

Trainings for staff

Launching Kanban, Pilot 1

Expanding Kanban, Pilot 2 etc.

Figure 18 Kanban Implementation, Launching Schedule

One of the most significant decisions during thenping phase was to rule involving
suppliers one-by-one to the project. This allows iimplementation to become more
manageable and helps to focus on each supplierin Thus the project is proceeding
gradually, with a clear step-by-step approach.him Figure 19 on the next page, the
gradual progress of the Kanban implementationustilated with 232 materials chosen
by Procurement. The current Framework order (FOlenads are also listed and they
are SAP’s equivalent of ABB MoGe’s ROP materialbeiie are 372 of those, but a
selection of them will be converted into Kanban enals. These are not the final

guantities, since In-house Logistics is not yet ied the list of materials, but the
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graph gives an overall picture of the implementajwocess schedule with a focus on

the suppliers.

Kanban Implementation Schedule, Suppliers
Week
Supplier FO Qty |KQty |51(52
Metallityd K. Kukkanen Inc,| 42| 50
Scansolo Inc. 50 58

Laine-Tuotanta Inc. a M
Wel-Mach Inc. 48 14
Osterberg Inc. 1B 14
Ouneva Group 135 60

InCap Ple. 4 2

Figure 19 Kanban Implementation, Suppliers

Pilot 1 of Kanban implementation starts in week iSIplanned to last three weeks, and
includes only two materials from a single suppli€ehese Kanban materials are fan
covers produced by InCap Inc. The supplier was eas be the first pilot, since the
volume of the deliveries is efficient to manage #mel company is located at the same
industrial area than ABB MoGe. It was also a viattor that both of the chosen
materials are used only at the downstairs areaMff&ttory, therefore, AL2 will be the
first to adapt the Kanban system. There are ontydtiher fan covers that the company
supplies to ABB MoGe, so all of the deliveries dam carefully monitored from the
Kanban functionality point of view. It is also easito locate potential faults or
surprising situation during the Pilot 1 and the &yees involved are able to familiarize

the new materials management system.
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Pilot 2 begins in week 2 with Ouneva Group. Sinue phase will have an effect on
both factories and there will be over 60 mater@daverted into the Kanban system
during it, Pilot 2 is scheduled to last five (5) eks. This should allow enough
adjustment for the new processes and to the infictste. After Pilot 2, the other
suppliers’ materials are gradually added into tlaalan system according to the same
guidelines. The time span has been defined basethe@mmount of materials to be

converted.

Following the first stage of the Kanban Implementatproject of ABB MoGe, there
will be a second one that starts in the week 2&.vikion of this stage is not completely
clear yet, but the main goal is to expand the supjnban system (currently being
implemented) to include also a type of movement d&anfor more synchronized
cooperation with logistics partner, Piccolo. Adalitally, a type of production Kanban
could be considered potential for components predun the ABB MoGe’s factories
for the motor production. These components incladeelection of rotors and stators.

But these require further research before stremplor schedules are being made.

As a side note, the new value-added tax (VAT) lag@ changes and the raise of the
standard rate in Finland affected the ABB MoGe'snBan project and the
implementation schedule was modified accordinglpednitiated also in the beginning
of the year 2013 because it is more straightforviardinancial figures and reporting of
the ABB MoGe and its suppliers. However, in thibchapter the scheduling graphics
and dates are based on the original schedule. Baseklis information, the VMI co-
operation between InCap, Piccolo and ABB MoGe veaminated on December 19,
2012 and the responsibility was shifted to In-holusgistics of ABB MoGe. The Pilot

1 of Kanban system is implemented on January 23.201



69

4.2.4 Kanban Infrastructure

In its simplest form the Kanban infrastructure iBBAMoGe has three bins per material
(code). Figure 20 below illustrates the proces2 bin Kanban system with an operator.
The 2 bin system is complimented with an additiobat at the Kanban shelf

administrated by In-house Logistics. Otherwise, twomcept is similar with 2 bin

system. In the beginning both bins are full of comgnts and the consumption for
production is started. Next phase happens, whelhdkds emptied during the electric
motor manufacturing. After assigned production apms have informed the demand
for the replenishment, In-house Logistics will fetbe empty box with the Kanban card
and replace it with a full bin from the shelf. Aptenishment order to the supplier is
then made via SAP by a logistics operator, befoeeréadily stored bin is transferred to
the correct assembly line. Thus, the productiones¥ components for the empty bin is
started in the supplier’s factory, based on thermftion of a Kanban card. After the
fulfilled bin has been delivered to the ABB MoGewill be received and transported to

the Kanban shelf In-house Logistics to wait for theo signal from the assembly line.

Figure 20 Two Bin Kanban System. (Lib13 Net 2010)
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Kanban, bulk and kit (for the sets of AL2) contasalongside the assembly lines are
color coded in order to make the recognition ofoaaponent type more efficient and
straightforward. For example, to the MM factory@whstairs area it is planned to have
roughly 160 and upstairs 150 boxes in the beginrihigce Kanban boxes are yellow, it
is decided that bulk boxes are blue and kit boxesggeey. At the end of the first phase
of the Kanban implementation project, there will §even suppliers involved and
approximately 255 different Kanban materials. Tinisans that there would be at least
765 Kanban bins constantly rotating within the vehilanban loop. However, some of
the bins are combined, if the materials are sni&direover, the goal is to be able to
remove the usage of additional Kanban shelf opetayeln-house Logistics and reduce
the amount of Kanban bins. This is planned to heedafter the Kanban procedure is
sufficiently familiarized by ABB MoGe and its supgis. The integrated Kanban
warehouse area is new and built for the Kanbanamphtation project. There are also

additional separate Kanban shelves that are mddiften previous ROP shelves.

However, the future assembly lines (AL1 and ALXoahave common materials that
are used at the both or even all three main aretsa different factories. In this case,
the yearly consumption is normally greater in oh&éhe main areas and in another area
could be less than required 200 pieces per yeasdImaterials are so called Joker
Kanbans and there are 22 of them. The term ‘JokebKn’ is not an official one, but it
was created by the author of this thesis becauseakes the description of ABB
MoGe’s case clearer. At the proximity of the officKanban shelves, there will be a
special Joker-shelf with assigned bin slots foséhikanban materials. From the Kanban
shelf the warehouse workers, who are collectingomepecific kits, will fetch small
amounts of the Joker Kanbans to the other mairisasbelf and thus closer to the other
assembly line with a smaller consumption. Aftersthecomponents are used, the
operator will fetch more from the official KanbamnbIf this transfer needs to be
performed between MM and KK factories, the Jokenlkan amount transferred is
larger, since the distance is greater and extresfieas for only few materials need to be

minimized in order to be more productive and adnigvmore optimized In-house
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Logistics operations. Joker Kanban shelf concepst evaated for ABB MoGe with an
intention of minimizing the time and labor resowaogasted in transfer of materials
because of occasional or low demand. In the beginof the piloting phases, the Joker
Kanbans are ROP materials system wise in SAP. Tdreymodified and defined
correctly as collect Kanbans after ABB MoGe’s SAd% la proper way of configuring

Joker Kanbans.

ABB MoGe provides yellow, plastic boxes (and ottransportation and storing units)
to the suppliers for the Kanban system rotationc&ipart of the ABB MoGe’s Falco
project is to improve Lean procedures, there walrbore JIT deliveries in the near
future. Replenished Kanban boxes will be transpodienultaneously with the other
collected JIT deliveries from the suppliers’ the¢ anoderately close to ABB MoGe’s
factories and thus from a pickup loop for the timioberating on a daily basis scheduled
by ABB MoGe. At the time of writing the thesis, théanban system is running
smoothly for the Pilotl (InCap) and Pilot2 (Ounewdpre boxes have been ordered for
the upcoming Pilots 6 and 7 (Scansolo and Kukkaaed)an order for cages has been
made in preparation for the Pilots 3, 4 and 5 (Mstg, Wel-Mach and Laine) for
components that include fan covers and fans. Trepaing delivered shortly.

Additionally, forklift truck operations in In-houskogistics will be improved with a
more synchronized operation model. Combined wite Hanban implementation
project, there will be a pilot for replacing hantthbarcode readers, which are used by
forklift operators, by a PC’s installed on the fidtk. This will allow a better access to
SAP, Manufacturing Execution System (MES) and aelvause management system
(WMS). MES is operating between SAP and manufacguoperations and is RFID
enabled in ABB MoGe. The aim is to make WIP matdi@v more transparent. Via
PC’s on the forklifts, it is also possible to haadist of transfer orders required for
smoother operations of production or goods recgivirherefore, the labor efficiency
and work flow would be highly improved. This wolwdtso enable to reduce the amount
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of required paperwork and printed transfer ordeesatly. In addition, manual and/or
human errors could be moderated. Consequentlyintieatory control and warehouse
records would be more up-to-date and have a qufditybetter administration and

decisions.

4.2.5 Kanban SAP Solution

For being able to proceed with Kanban implementatdocording to ABB MoGe’s

vision and the schedule, system configurationsSAP were started early on. This
phase required several meetings, background réseard negotiations with another
organization and their SAP consults. It could bel $hat this process was almost an
additional project with the major Kanban implemdiota project. Since SAP is an old
software system, if is not majorly flexible for cltgang requirements in nowadays
business world. However, SAP supports Kanban proesdbecause that production

philosophy was also created about six decades ago.

However, there were system wise problems and cigdke related to the Kanban
installation. The most critical one was how to ma&plenishment orders by In-house
Logistics key personnel, when the same employe®isallowed to both order goods
and receive them for production processes in SA#s Was an obstacle that was not
easily circled. In one of the Kanban transactiohSAP these options are visible as ‘To
Empty’ and ‘To Full’ buttons that are clicked by aperator to make the action of
ordering and receiving also in real life. Howew&nce a Kanban order is not an actual
order, such as ROP or PR order made by purchasersproblem was solved by
configuring it as withdrawal Kanban. After this te@me operator is able to place orders
and receive goods in SAP because it is not poskibleim/her to make changes to the
batch or order amounts or prices of the goods. éfbes, the problem was solved by

updating the SAP rights of the key personnel. Talat®n was good. After all, it was
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the main idea of ABB MoGe (and the author of thestk) to create withdrawal Kanban
system for the most frequently used components dbiese a more efficient
procurement process and reduced bureaucracy ohgming procedures. In this case,
withdrawal Kanban is based on purchase impulseskantian signals with specified
batch sizes.

Another problem with SAP’s manual Kanban processh& the command To Full
confirms the oldest order of the material and cleanigs status into ‘delivered’, even
though, it might in fact be one of the orders, ihie made after it. Thus first-in, first-
out (FIFO) inventory control rule is not followedarcectly according to the company
guidelines and inventory turnover is not optimizbtbreover, a reference number for
goods receiving is an important part of each orderge it is used to direct an order
with the actual delivery in SAP environment. Thidows greatly improved goods
receiving process and provides information of thseanbly line and bin for transfer.
Otherwise, there is an increment of labor and waftéime and resources during
directing the goods to specific orders. This cmagewill be outcome on June 12, 2013

during an upcoming SAP release that upgrades steray

There are different options for choosing the meatransmit a purchase order to the
vendors. Normally with SAP Kanban configuration Bin hard copy print out,
electronic document interface (EDI) or Associatidore Components (ASCC) interface
is utilized. Basically ASCC is SAP’s EDI and it ha¥anban status report as standard.
This report visualizes the status of all Kanbandsothat are assigned for the vendor.
(Pylkk&nen 2012: 3).InCap and Ouneva are alreashguhis connection for achieving
improved communication between business partnec$, as supplier and manufacturer.
With a Kanban system it is very useful interfadecs the deliveries need to be done
based on the continuous demand, but there migfit&teations in the weekly demand,
since it is based on averages figures. In Figurer2the following page, is shown an
example of component’s data that is used for argati Kanban material into the SAP.
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The example material’s control cycle is 999999@ecs 3GZF294730-608, description
cable gland, plant 0800, supply area 8021SA5E jngtgposition downstairs of MM

factory at the Kanban shelf, number of Kanban Bog and order quantity 1,000
pieces. Additionally, there are basic informatioh psocurement type, purchasing

organization and vendor.

‘:I'%fm’“l{anbansl Kanl:lansl Control Cycle |:| Mew Strategy | = Address

Control Cycle 9999990
Material bezF294730-608

CABLE GLAND
Plant affula] ABB Oy, M&G Vaasa
Supply Area B0215L5E B0215A 5E
Storing Pos. MM alakerta kanban
Kanbans
Mo. of Kanbans 4 Maximum Empty 0
Kanban Quantity 1.000 EC  Mo.Load Carrier ]
Container

External Procurement k Flow Control k Kanban Calculation k Print Control |

External Proc. 0ool Working with purchase orders
Purchasing Org. 00g0 ABB Oy, MEG Vaasa

Vendor 104149 Duneva Oy

Agreement 0

Figure 21 Example of a Control Cycle (SAP, ABB MoGe 2012)

At a visibly clear location at the end of the maanban shelves, a touch screen

monitor is placed with a Kanban board that demaies$rthe status of different Kanban
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bins. SAP enables the monitoring of the orders dachand of Kanban materials
relatively close to the real time. In a Figure Z20w a Kanban board is shown from the
testing side of ABB MoGe’s SAP. Column ‘Materiatiforms the material codes and
‘Description’ has material descriptions. ‘Storings? column informs that the first two
materials are stored in the Kanban shelf of MMdags downstairs and the two latter
materials are stored in the Kanban shelf of KK dact The last column informs the
Supply Area of each material. On the right hancek,sthe Kanban bins are numbered
and visible with a coloring code that shows thdustaf each bin. Only bins 17452,
17449, 17457 and 17470 are red and require imneedizton. The rest of the bins are
green and thus the amount of these componentspi®@pate for the manufacturing

needs.

Kanban Board: Demand Source View

@ @% E% TuEmpty TuFuII

Material Description Staring Pas. supply Area
3GFF294730-608 | CABLE GLAMND| MM alakerta kanban| 80215A5E

I nban [azss2] [Gozessl
3GZF294730-752 | FLANGE L MM alakerta kanban| 8021SASE | |[17a53] [17a55] [17454]
3GFF294730-608 | CABLE GLAND| KK kanban KAMBAN1 -
3GZF294730-752 | FLANGE KK kanban KAMBAM 1 -

Figure 22 Example of a Kanban Board (SAP, ABB MoGe 2012)

4.2.6 Kanban Calculations

Following section introduces independently perfalnsafety stock level and kanban
calculations without SAP system with chosen malera@d upcoming AL2 at ABB
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MoGe that are turned into Kanban materials. Theiaito utilize key data and define
optimized kanban and/or container amounts for tlaermals based on the available
data. Exact weekly demand figures were not avalabkhe background data, but they
were estimated for the calculation based on theahdbtal yearly demand. Thus
standard deviation is not completely exact eithmrt it allows demonstrating the
procedure of an example months deliveries. Iddaily calculation is performed with
actual weekly demands of one year. However, atrtbment figures are based on the
total yearly demand and safety stock levels areutatied for the chosen example
materials. First calculations are made by utilizinglow formula (2) introduced in

Kanban theory section.

N = (dL + S)/C (2)

For the reason that Kanban materials are critioal the production, it should be
guaranteed that stock outs are not occurring. Kardystem was created to prevent
material shortages, but on the other hand to aeaitess inventories. Therefore, a
service level between 90.0 and 99.0 percent shoeilldnough and 99.9 percent can be
considered exaggerating and operating againsttéedagy behind Kanban. Achieving
a 99.9 percent service level requires a seamledshaghly efficient operation with
suppliers and normally this also means increasedcgseand/or transportation costs. For
this calculation a service level of 95.0 percenprisnarily chosen, thus the equivalent
coefficient is 1.64 with a data distributed accogdito the standard deviation. This
should be the case with Kanban materials, sinceddmand is hypothetically even.
However, coefficients of 99.0 and 99.9 percent as® utilized in calculations to

provide wider scope for the analysis.

Similarly with Kanban calculations, there are saldormulas available for defining

safety stock level (Lean Sigma Supply Chain 203fety stock amount can be
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calculated for each material based on the matspatific coefficient (or confidence
interval) and standard deviation of demand by mbyitng them (Gross et al. 2003:
227.) More complex formulas require mean and stahdaviations of the lead times
(Baudin 2012). A simpler method is chosen for tiesis because the lead times used in
these calculations are relatively realistic, but cempletely accurate. This is because
updated information of Kanban process length is awailable for all the parts.
However, the lead times are considered from thelgrg’ viewpoint and consist of the
time frame from triggering a replenishment impulsdil the refilled kanban container
is delivered to the ABB MoGe. Lead times depenthefcomponents, suppliers and the
transportation distance. Actual data of materiadcdptions and suppliers is left out
because of confidiality reasons and only matemales are used. Means of component
demand, standard deviations and safety stock learelscalculated in addition to the
available information. Excel formulas AVERAGE, STRDEand NORMSINV were
utilized for the Appendix 1. Calculations are maudéh three different service levels
with a formula (3) below introduced in the Kanbhadry section.

K=((RT*AC)/Cont)*(SF+C) (3)

All of the example materials do not give a corrgeia of Kanban materials, since they
would not necessarily require highly efficient tsportation and consumption rotation.
However, formula is modified by changing time ufidm hours to days, since it
responds better to the ABB MoGe’s needs. In a dliigure 23) on the following page
are illustrated the results of calculations by gsiwo different formulas and three
variations of the coefficient. Appendix 2 shows thmal results of calculating the
material specific quantities of kanbans. Theseréguoffer an outline of computed

amounts to be considered.
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3,00 -~

7,00 A

6,00 -

5,00 - B Number of kanbans (N)
4,00 -

3,00 - B Number of kanbans (K|,
200 - 95.0%

1,00 - Number of kanbans (K|,
0,00 99.0%

B Number of kanbans (K|,
99.9%

3GZF243735-2
3GZF414030-7
3GZr243716-2
3GZF243735-3
3GZF243735-1
3G/F294730-608
3GZF414030-1
3GZF102735-L
3GZF334730-2
3GZF334230-209

Figure 23 Results of Kanban Calculations

Based on the original order sizes and demands, amy(3GZF102735-L) out of ten
example materials should be considered to becokanban material. Another material
(3GZF243735-2) could be considered to be converésb, but based on the
calculations, it would have only one kanban carder&fore, if it was to become a
kanban material, the batch size should be dividéal smaller orders. However, during
the Kanban implementation project of ABB MoGe, thegre all chosen and this is
mainly because of the upcoming factory layout tisagoing to nearly double the
production. Thus the consumption of the key matemall also increase significantly.
In addition to the growing production the examplatenials were chosen also because
there the order batch sizes and lead times werestadj with the suppliers to become
more suitable for the Kanban system. For pilotetagdBB MoGe defined the container
amounts based on having three kanbans per mat&é&lrally material specific
revision is required, when the Kanban system isinqwith some of the suppliers and
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the new assembly line(s) is launched. By definipginoized amounts of kanbas and

containers, the full potential and gains of the Bamsystem can be reached.

4.2.7 Analysis of Kanban Implementation

The author of this thesis has been part of theotigit planning work for the Kanban
system implementation by attending weekly six (6uthmeetings, researching the
subject independently based on theory, case stuhdsinternal material of ABB

MoGe, completed Kanban calculations based on acta#érials and figures, offering
insight and opinions for Kanban implementation &8BAMoGe and attending SAP,
Kanban and other important meetings related tgtbgect. The main input is practical
knowledge of the production and logistics operaia ABB MoGe and theoretical
knowledge of Industrial Management, Kanban, Leath RRID technology. The Falco
meetings are held twice a week and are normaltinaswvelve hours per week. Part of
the employment has also been completing tasksimgldb the project, such as
combining the material list of In-house LogisticadaProcurement by utilizing a
spreadsheet program to create a united listinghosen Kanban materials for pilot
stages, or defining the stage of assembly line mchvthe Kanban materials are
consumed in order to assign the most suitable ggotan for them by the correct
assembly line depending of the main area of ushith factory’s downstairs, upstairs

or KK factory).

At the time of finalizing the thesis, the training the key personnel and other staff
members had gone well and the operators had adapthe change of procedures. A
Kanban training lasting an hour was held twice @ndas enough to get the system
started. There are 6—7 in-house logistics operatorsived and monitoring Kanban
shelves. In addition, the Kanban system is workugdj with the two first pilot stages.

There are about 60 Kanban materials currently ensyystem and it is functioning well.
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All the positive and negative outcomes of the Kanbaplementation project are not
yet clear at ABB MoGe. However, it is suggested tha potential of Kanban system in
the manufacturing processes of customized prodaochsde improvement of lead time
and delivery time, reduction of inventory cost, noyement of In-house Logistics

functions, reduction of Lead waste and a bettetotner satisfaction.

SAP wise it is a bit unclear situation with theemeince numbers for goods receiving,
but each Kanban order has only one position aedables to direct the ordered goods
to specific orders. However, otherwise the systewperating according to the plan and
ordering process is faster than in normal compopenturement at the ABB MoGe.
The designing and constructing process of a neenadly line is shifting the attention
slightly from the Kanban project and the new p#tage will be completed for the next
three suppliers simultaneously in May or Junes la idifferent approach and schedule
than originally planned, but it is not necessawigrse. This allows the staff to better
adjust to the changes that the Kanban system aed/dayout brings.

Even though, SAP has been only partly includedhis thesis and the Kanban project, it
should be mentioned that it is not the most optdiERP system for ABB MoGe.
During the project there had to be made changeketariginal procedures and plans
because SAP did not provide an efficient functidpdb the company’s needs. It has
Kanban ability, but it is not operating seamlesstyg the configuration was planned and
implemented with a great effort from the key empisy However, currently the system
appears to be functioning with it and because efkanban implementation, some of
the drawbacks and errors of SAP’s warehouse re@rd®ther figures might be able to
end up being reduced or eliminated.

In a large global organization project managemequires great efforts and seamless

administration. However, it is not always possibtevards all the ongoing projects
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within the organization, divisions or even businessts. These require constant
attention and resources that might not be availab#l times, since most of the project
team participants also have their daily tasks idiggrto their regular job description. It

was also a case with this project, since the Fplogect was prioritized. It involves

larger investments and cross functional knowledgenfeven more departments than
the Kanban project. However, the personnel thatewevolved were dedicated and
wanted to create a successful implementation. Niesiess, a learning point would be
related to the fact that there was a major hurvplved with getting the project started
and done, but still it was constantly delayed beeanf the other project or technical
difficulties related to SAP or the new infrastruetwf the assembly line and erecting the
Kanban shelves. It is better to finalize the grovowk first and launch the operations

afterwards.

The Kanban project was created in order to achiewa@e optimized materials
management, order replenishment and inventory abntanagement processes and to
enable lower inventory levels, improved materiaeiging efficiency and faster stock
turnaround time. Kanban might be able to correatesadrawback of current operations
by addressing them during the production and lmgisprocesses. Thus it can be
expected that these goals will be achieved overtiipefinalizing the project and

adjusting the amount of Kanban bins into more ot quantity.
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FUTURE RFID KANBAN APPLICATION DESIGN FOR ABB
MOGE

The future Kanban application designed for ABB Ma&@resented in this chapter. It
is a suggestion for upgrading the system that iagbeurrently implemented. The
upgradation is planned to be done by installing DREéchnology into the previous
Kanban system and improving chosen Logistics ojmerst Another technology called
MIFARE has a potential for replacing RFID in theute. However, ABB MoGe would
gain more by implementing an RFID Kanban systemgesiit is more widely used in
manufacturing and logistics industries and the Beggpare easier to get involved with a
technology that is currently more common. The retgiérom ABB MoGe are taken
into consideration during the application desigocess; however, there is still room left
for potential changes even after the thesis is ¢tetepFeedback from aforementioned
system described in previous chapter is not yeilabla, since the first Kanban project
will be finalized approximately three months aftee thesis is submitted for grading.
Therefore, a detailed evaluation of previous imm@atation has to be delimited outside
the scope of this thesis and concrete advantagksliaadvantages are not yet known

and thus, cannot be exploited during the RFID esthBlanban application design.

However, based on another case and previous thdwmne are several benefits that a
Kanban system is able to create, but upgradingtiit RFID technology the advantages
can be greater. Improvements are possible in naatkandling efficiency, material

availability (at the production site and factonyventory cycle time, warehouse records
and inventory control. Moreover, manual errors, eriat shortages and labor costs in
the inbound process are reduced because of goodwing becomes automated. The
real time visibility of material flow and replenistent based on the real time demand in
production makes inventory information and inbowshipment data more accurate and
thus useful for the administration and operatoidar(ufacturing & Logistics IT

Magazine, 2009). On the other hand, utilizing RFIBchnology cannot be
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recommended in all situations and companies, tberethe decision should be made

based on analyzing the possible profits and drakbathe planned system.

The requests made by ABB MoGe include envisioningimplemented production
Kanban for in-house component manufacturing, aedfitiation between internal and
external Kanban process, an automated receivingepso of Kanban (and more
preferably receiving of all orders with handhelddogle reader or other similar device),
and including Piccolo into the Kanban system ashdvdawal warehouse. The
suggestions made in this thesis are for upgradiegslstem that is currently being
implemented, therefore, it is not recommended ti&emnase of them before the first

Kanban implementation project is finalized.

The reliable analysis of possibilities and thre&igarding the idea of implementing a
production Kanban system (with or without RFID teclogy) for component
manufacturing requires a wide statistical and practackground research of rotors,
stators and stator frames produced in ABB MoGe ithatould require an extensive
study. However, the process should be started aipilthan the first Kanban
implementation project by defining the yearly aggralemand of these components and
eliminating customer or motor specific componendslizing a production Kanban
system in component manufacturing, could createefitsnfor inventory control and
enhance the process transparency of production.emmless, the consumption
frequency of components should be high and suffigteeven, in order to gain the
benefits of a Kanban system. In addition, thereehimv be a differentiation between
internal and external Kanban process, in systempancess wise. Basically, after this
type of implementation ABB MoGe would have a mopedduction Kanban system

that was utilizing both move and production kanbans
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Receiving process is automated and each shipmeather quickly surveyed visually
on the surface before acceptance and internalitrddmvever, more thorough quality
inspections are made based on a randomly seleategles and critical components are
carefully measured with special equipment accordinthe current instructions. Since
the suppliers of Kanban materials are acceptinguéve procedures, it could be used as
a chance to harmonize the receiving processesnp&ementing a common receipt slip
template applicable for all goods received andquedfly in electronic format, such as
via EDI system or email. EDI enables electronic wioents exchange between
computers and just-in-time deliveries (WebFinande¢. 2013). More precise
explanation is to clarify that the documents ara istandardized electronic format and
EDI is used to exchange these between businessepar{GXS Ltd 2013). The
objective is to enable a completely automated vaagiprocess of inbound goods. With
RFID technology handheld barcode readers wouldelpéaced by RFID readers and
gates within the factory.

There are also other more evolved possibilitiefutther cooperate with the suppliers
by beginning to utilize reusable RFID tags on thgments or even implement ASN
(advance shipping notifications) system for all tmaterials and thus making the
process truly electrical and/or automated. Theelait described by SupplyOn AG
(2013) as a merchandise management tool, whichen#ke receipt company to reach
improvements in planning and correct deliveries aeduces overall costs by
eliminating inadequate shipments and mistakes aka@ing and labeling. In addition,
SAP is compatible with the system (SAP AG 2013sd®hon the SAP source material,
ASN processing in SAP could be considered a rattemightforward process.
Furthermore, ASN is one of the most common busidessiment exchanged via EDI
(GXS Ltd 2013) and its potential with Kanban impktation was requested by ABB
MoGe. However, an automated goods receiving ofttal inbound materials is not
closely linked to the Kanban system, which is tr@Ememphasis of the thesis; hence
ASN is not researched deeper. If the suppliers exatp by adopting RFID tags, the
inbound shipments could be followed in real time @naddition to In-house Logistics
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also the production knew the status of replenishroesters. Thus the information flow

would be greatly improved and material flow mosnsparent.

ABB MoGe is considering the possibility of deepanthe partnership with Piccolo by
adding Kanban withdrawal orders into its operatidn®rder to being able to operate as
Kanban materials warehouse for ABB MoGe, it is moeended that Piccolo updates
its In-house Logistics operations by implementinglR technology at least in a basic
form and further synchronizing vital software systewith ABB MoGe. The materials
that could be considered are standard componetitsewen demand and considerable
consumption, such as end shields, stator framésrstoterminal box frames, valve
discs, and outer covers. Additionally stators mightconsidered, but at the moment
they are not normally stored in Piccolo’s warehou$ePiccolo will be part of the

Kanban process, the system has to be modifiedmRBB MoGe.

5.1RFID Kanban System Infrastructure

The RFID enabled Kanban system infrastructure gadation model is planned for this
thesis to be implemented for supplementing theesydbeing completely in operation
by the end of June, 2013. In the model createdsatda UHF RFID tags will be
attached to the boxes, pallets or other storingsuiihe type of tags is chosen because
most of the ABB MoGe’s components are metal andaldéo waves and thus essential
signals are easily reflected or disturbed with tagsrating in lower frequencies. In the
Europe the UHF bandwidth is 865-869 Megahertz's BABc. Press Release, RFID
Lab Finland ry 2005: 5). UHF tags will replace Kanlxards by having the information
programmed into them. After the key data is attd¢chibe tags will also operate as
signals (kanbans). The information will simultangovith the stock transfers because in
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addition to attaching PC’s on the forklifts, they also formed to be RFID enabled and
the bins data is read, when the container is lifted

RFID forklift gates are also recommended to thatsgic locations of the factory
because the material movement can be followed bgdan the forklift transfers and
having the coordinates of important materials htimles. There will also be handheld
RFID readers for the operators, if these are neefatte forklifts are not the only
means on transportation within the factories, cgov@and inbound gates will similarly
be modified with RFID readers. These types of remadee already in use for production
operations in ABB MoGe.

SAP has a compatibility with RFID technology. Tharbination is recommended for
automated mapping of physical goods movements #edsqossibilities for Kanban

processes, container management and returnablagiagk It is also suggested that the
SAP RFID system is able to provide other beneftsvall, such as streamlined material
flow systems, improved process security and ine@akta quality and integrity. (SAP
AG. 1: 2005). Figure 24 on the next page reveads dithitecture behind the SAP
solutions and RFID technology. In the case of ABB®#&, the forwarding agent and
also partly (or completely) the storage would becBlio. However, the author of this
thesis is slightly skeptical towards SAP’s ability process the immense amount of
information that an RFID Kanban system would béeabing continuously with several

RFID readers and from hundreds or thousands of T#uys challenges are increased, if

other inbound and outbound materials are includelthe SAP RFID system.
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Figure 24 RFID Integration Streamlines Kanban Processes (8&P2013)

Inbound material flow monitoring can be optimized RFID only, if the chosen key

suppliers also implement this technology into tlogierations. Additionally, there need
to be a pilot for an RFID closet or shelves, whiabhtomatically initiate the

replenishment process straight to the supplierymareemptied Kanban box or pallet is
placed in or on them. In a Figure 25 on the follogvpage is illustrated a typical RFID
solution for manufacturing and logistics. Smartelgbare tags, portals RFID gates,
wireless access points are RFID readers and taggatons or slots can be areas for
Kanban bins that enable the automated replenishaigmaél straight to the suppliers. In
the example figure also inbound and outbound natetiave RFID gates and the

suppliers are connected to the RFID Kanban system.
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Figure 25 An RFID Solution for Manufacturing and LogisticSnfartag 2012).

5.2 Analysis of RFID Kanban Application

RFID technology enables the enhancement of theewthyr implemented Kanban
system. Since RFID is already partly in use in paidn processes at the ABB MoGe,
the adaptation procedure is easier, but the impigtien project would require larger
resources and investments than the Kanban prajestever, the return of investment

(ROI) is normally achieved only after the procesgrioperly functioning and has been
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for a longer time period than, for example, whemplementing barcodes into logistics

operations.

The new layout of the MM factory is not finalizeddacompleted yet because the Falco
project is still ongoing and the production facg will be greatly change after the
conclusion of this thesis. Therefore, it is notgbke to design an optimized model of
RFID Kanban system and its architecture for ABB MoGlowever, some of the
possibilities have been revealed and new propositihbave been made for the
improvement of the Kanban system currently beinglé@mented. More detailed plan
and infrastructure are possible to design aftethadl details are clear regarding to the
new layout, assembly lines and shelves. The RHI@structure is sensitive for readers
close to each other or a huge amount of simultaaific of tags. Therefore, it should
be carefully researched, which are the best loecatemd the optimized quantity for the
readers within the factory.
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6. CONCLUSIONS

In this thesis, the potential advantages and dmadges a Kanban system
implementation might cause to the material managemecesses of a manufacturing
facility are researched and the theoretical angractical reasons behind these results
are defined. On an empirical level the researclstiueis analyzed by participating to a
Kanban implementation project at the ABB, Motorsl dbenerator’'s business unit in
Vaasa (ABB MoGe). An additional research problentoisstudy the possibilities of
improving the Kanban system with RFID technologync® ABB MoGe utilizes SAP as
its ERP system, SAP’s functionality was also takea consideration.

Research strategy was to collect the data by wigiacademic articles, publications,
eBooks, case studies and additional materials médadluring employment at the case
company and weekly meetings held during the Kanivgolementation project. Part of
the project are also employees’ training, changkged to the infrastructure, hardware,
software and warehouse area organization, impleatientin practice, piloting stage,
application launching, final results and possibledifications. All of the activities were
not described in detail, since the study was masitiyctured around Kanban and only
the key elements are defined and included. Reseamthods of this study were a
combination between structural, qualitative, an@riitative approaches. There were
several key findings discovered during the studyt tre described in the following

paragraphs.

In addition to the Kanban implementation projecABB MoGe, four other case studies
were selected and summarized for the thesis. Th@rieal method is to analyze the
results of case studies objectively and to defiiegther the Kanban system generally
improves the overall production processes and itovgnrmanagement in manufacturing

facilities based on the theory and experienceletcted companies. Half of the sample
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had a regular Kanban system and the other halfRiE® Kanban systems. Based on
the findings, implementation drawbacks remaineeymBcant and there were only few
restrictions for Kanban implementation. Basicallgll the resources were
complimenting the Kanban system as a part of prii@lumperations and inventory
reduction. The case studies showed remarkable weprent in reducing the inventory
levels and increasing storage space. Even thoughqtlantity of readily available
components was reduced, the stock outs becameiebable, which meant that the
manufacturing process was also developing. Halthef case study companies was
described to have had savings and were also alpletide better customer satisfaction

because of improved production efficiency.

RFID technology enables upgrading of the curremtiyplemented Kanban system,
which is mainly utilizing barcodes. RFID systemnnist perfect, but its technology is an
important strategic tool in several industries ugthg manufacturing and logistics.
Since RFID is already partly in use in producticwgesses at the ABB MoGe, the
adaptation procedure is easier, but the implemientatroject requires larger resources
and investments than the Kanban project. Howevel,i® normally achieved overtime
and not until the process is properly functioningl amproving operations. MIFARE
technology has a potential for replacing RFID ie fluture. However, ABB MoGe
would gain more by implementing an RFID Kanban exystThe new layout of the MM
factory is not finalized and completed yet becaeakeo project is still ongoing and the
production facilities will be greatly changed aftdre conclusion of this thesis.
However, some of the possibilities have been re@deahd new propositions have been

made for the improvement of the Kanban system.

Even though, SAP is not the most optimized ERPesydbr ABB MoGe and there had

to be made changes to the original procedures amg puring the project because SAP
did not provide an efficient functionality to therapany’s needs. However, SAP is able
to perform automatic Kanban calculations in oradedéfine important parameters for
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production control. The actions of computing theirazed material specific kanban
(card) amounts and component quantities per kanbatainer are vital for up-to-date
improvement of the Kanban system. End result vélbBltopnotch material management
level that allows a minimum inventory, but is ssllifficient enough to prevent stock
outs of critical components. These calculations lwaperformed also without SAP and
necessary mathematical formulas are introducedudifided with actual materials of
ABB MoGe. Since the kanban amounts and order queshtivere defined differently
before the pilot stages of the Kanban implementagimject, these methods offer an
insight that should be considered during the réste pilot stages and after the project
is completed. Only by defining optimized amountkahbas and containers used in the
material circulation, the full potential and gaofg¢he Kanban system can be reached.

At the time of finalizing the thesis, all the pos#t and negative outcomes of the Kanban
implementation project are not yet clear at ABB MoGlowever, it is suggested that
the potential of Kanban system in the manufactupraresses of customized products
include improvement of lead time and delivery timeduction of inventory cost,
improvement of In-house Logistics functions, redutctof Lead waste and a better
customer satisfaction. The Kanban project was edeah order to achieve more
optimized materials management, order replenishmant inventory control
management processes and to enable lower invenéwsls, improved material
receiving efficiency and faster stock turnaroundeti Kanban might be able to correct
some drawback of current operations by addressiegitduring the production and
logistics processes. Thus it can be expected tiesetgoals will be achieved overtime
by finalizing the project and adjusting the amoahkanban bins into more optimized
guantity. The Kanban system is not a magical smutor all the problems related to
manufacturing customized products, but togetheh vait pull system and the Lean
concept, it offers a significant improvement foe gproduction operations and inventory

management.
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APPENDIX 1. data of kanban calculations, part 1
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APPENDIX 1. data of kanban calculations, part 2

Mumber of kanbans (M)

Mumber of kanbans (K], 95.0%
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Mumber of kanbans (K], 99.9%
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APPENDIX 2 results of kanban calculations, part 1
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3GZF243735-1 3GZF294730-608 3GZF414030-1 3GIF102735-L 3GZF334730-2 3GZF334230-209

0,22 0,08 0,06 2,45 0,07 0,01
0,38 0,16 0,13 5,15 014 0,03
0,49 0,21 0,16 6,49 0,18 0,04
0,60 0,25 0,20 7,98 0,22 0,05

APPENDIX 2 results of kanban calculations, part 2



