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Abstract

One of the key decisions for every assembly linbésdecision about the materials feeding
system which means the method of supplying mateteadthe operators. This decision affects
all of the other activities performed as well as gferformance of the assembly line. In the
industry, kitting is practiced as a method of matserfeeding among others such as
continuous supply, batching and sequencing.

Kitting is the name for the practice of feeding gmments and subassemblies to the assembly
line in predetermined quantities that are placgetiver in specific containers. In the industry
Kitting activities are used to solve the issues of:

* Lack of space

* Quality

* Flexibility

» Materials Handling
 Learning

Kitting shows numerous benefits in all of five tkaaf applied properly. Drawbacks of kitting
are mostly caused by wrongly prepared kits, Kittmmy much or unnecessary parts. It is
important to include all five of these aspectsusiness cases before the implementation of
Kitting, otherwise Kkitting activities are likely tause further problems.

The main reason for kitting in Swedish industryhis space requirements. Most companies
are aware of other benefits such as quality anhilega aspects but are not considering them
as their most important reason to initiate kittaggivities. Companies are also hesitant to
initiate kitting since it is an expensive solutioompared to other solutions.

The biggest limitation of kitting seems as increbsember of materials handling and the
uncertainty about the level of kitting. Past expeces made companies more hesitant about
kitting implementations.

Kitting in a lean production system is possibldoag) as kits are secured so that they are
100% correct in the first place and there is nomredowntime caused by invalid kits.
Additionally, waste should be continuously elimegfrom kitting operations and workers
should be trained well to get involved with the gesses.

Keywords: Kitting, Lean production, materials supply, maaésifeeding
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“Vision without action is merely a dream.
Action without vision just passes the time.
Vision with action can change the world."

Joel Barker

1. Introduction

In this chapter, the background for the researghidas presented initially. The motivation behind
the research is explained in the purpose and praldescription part which is followed by a brief
literature review. The chapter is finished withigabsition over the structure of the research.

1.1 Background

In today’'s competitive world, an important concdon the manufacturing companies is to
increase their customers’ satisfaction by consgamtiproving their delivery yet to keep
quality at its best level. Meanwhile, they needéep their costs and prices as low as possible
to be able to compete with others but still incesdiseir profitability. In the literature,
numerous researchers mention that in order to aehtas, a company should have a very
good control on its production systems and lookrfggrovements wherever possible.

Practices show that vision is as important as ad¢tchave the best control on the production
system. One should have a strong vision and aliear of its future goals to establish the most
effective production system. Lean philosophies,clvhivere initiated in Toyota Production
System, are seen as this revolutionary changeamtimdset, which manufacturers in the
search of perfection are thirsty of, with its etleto the actions as well as to the visions.
(Dennis, 2002)

Lean philosophies help companies not only to corkreir production but also help them to
combine the improvements in operational and commaeaspects and manage them to find
the way that provides long-term business successhrenemployee capability to continuously
propel that company to further improvement. (Den2?2)

In the industry, materials feeding decisions arallyeimportant since they enable a
manufacturer to increase the control and affecottezall efficiency of its production system.

Kitting is practiced as a method of materials fagdamong others such as continuous supply,
batching and sequencing. (Johansson, 1991)

The practice of delivering components and subaskesnto the shop floor in predetermined
guantities that are placed together in specifidaoers is generally known as kitting. Rather
than delivering the required parts to an assemtation in component containers and in
relatively large quantities, parts can be firstigadiltogether in kit containers before they are
delivered to the shop floor. (Bozer & Mc GinnisOR9
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According to Medbo (2008), kitting activities arbserved being used to solve the issues of:

e Lack of space

* Quality

* Flexibility

* Materials Handling
* Learning

Cultural differences are also observed in betwdwsn Japanese way and Swedish way of
applying kitting activities. In Swedish contextckaof space is seen as the main motivation
for applying kitting. However, in Japan and Chih&imore often used as a tool to improve
quality, and even as a work instruction to imprtarning. (Medbo, 2007)

Picking is the activity of moving a product fronmetktorage to packing and linked to an actual
order. Picking time and accuracy are then very mamb process because they directly affect
the lead time. Order picking activities define thethod how to feed the assembly line and
therefore they are very crucial for any assembig.liThe main difference of order picking

activities between different production systems abaracterized by variables such as
ordering frequency, acceptable delivery time argkeostructure. All of these variables have
an effect on the overall efficiency of the assenlinlg. (Tompkins, 1996)

Kitting, when applied properly, has been observedshow numerous benefits for the

assembly line. Since kitting involves the gatheraicall parts together from the stock, and

placing the “kit” to the assembly line, it involveslot of possible sources of waste. From a
lean philosophy point of view, this is worthwhile think about to find out how the ways to

lean kitting are possible. (Vujosevic, 2008)

1.2 Purpose and Problem Identification

The purpose of this research ispi@sent an evaluation of kitting systems in leaomdpction
systems.

The purpose will be divided into three researclhstjaes:

* The reasons for applying kitting including the itd&ecation of limitations.

» Describe five different tracks that kitting is ugedsolve: Space, Quality, Flexibility,
Materials Handling, Learning

» Describe the similarities in the lean philosophaesl lean Kitting.

Therefore, the research is expected to evaludierelit reasons for applying kitting as well as

their drawbacks. Secondly, it is expected to idgriie main differences between different

tracks of using kitting. Finally, it is expected poesent a lean approach to kitting discussing
its fit and applicability with lean philosophies.

The department of Logistics and Transportation lal@ers University of Technology has a
tradition of researching on materials feeding aesigh of assembly lines. This research also
aims to build and develop previous research irfighe.



1.3 Literature Review

Research in kitting is mainly based on past re$eascon kitting, parallelized assembly lines,
materials feeding, order picking, work flows, lgamoduction systems and warehousing.

In the literature, there are a great number of ipabbns which has contributed to these
topics.

The ones which were primarily used in this reseasgie Ding & Balakrishnan (1990),
Johansson (1991), Bozer & Mc Ginnis (1992), Engs&t#edbo (1994), H. Brynzer (1995),
Tompkins (1996), Medbo (2003) and Piasecki (200Bh wheir contributions about kitting,
materials feeding, parallel assembly lines, ordekipg and work flows.

On the lean production side, the main researclwierMed were Womack & Jones (1996),
Dennis (2002), Liker (2004), Bicheno (2004) andhdias (2006) who built their works on
three giants Deming, Juran and Ohno.

About lean kitting, the researches which were fedd were Ding & Balakrishnan (1990),
Smalley (2005) and Vujosevic (2008)

1.4 Report Structure

The report is basically structured to follow therpis of focus explained above.

Starting point are the findings from the literatweout lean production systems, materials
feeding, picking activities which were consideregdctal to have a better understanding of
Kitting concept.

In the following chapter, the findings about kigiconcept from the literature are presented
and supported by the ideas of professionals whd vi@r the industry and university. The
professionals who were interviewed and their orztions are as follows:

* Henrik Brynzer, Volvo Cars Torslanda Plant

* Lars Medbo, Chalmers University of Technology
» Sebastian Numler, Johnson Controls

» Peter Friberg, Volvo Cars Skévde Plant

Then, the findings about lean kitting are presettedughout the following chapter.

Finally, all findings are analyzed and concludedewed in the last two chapters.



“The road to success is always under construction”

(Chinese proverb)

2. Theoretical Framework

In this chapter the related theories about kitteng presented. In order to gain a deep insight of
kitting in lean production systems, it is crucial hlave an understanding of lean philosophy as
well as the major activities and operations thdteglace in the production and assembly area.

2.1 Lean Production Systems

Today, manufacturers all over the world are adgpkzan production. (Foremost represented
by Toyota Production system) Just as mass produidicecognized as the production system
of the 20th century, lean production created byichaiOhno is viewed as the production
system of the 21st century. (leanadvisors.com)

Lean Philosophies

The philosophy, principles and techniques that mgkéan production are conceptualized in
the “House of Lean” model shown in figure 2.1 below

Goal
Customer focus:

Highest quality, lowest cost, shortest lead time
by continually eliminating muda

Just-in-time Jidoka

Involvement:

Flexible, motivated
team members
continually seeking a
better way

Standardization

Stability

Figure 2.1 House of Lean Model (Dennis, 2002)

The ultimate goal is placed at the roof and itustomer focus. Customer focus implies the
highest quality, at the lowest cost with the sheirtead time by continually eliminating waste.
However, today customers have broader expectati@mmsbefore. Thus, lean companies have
added safety, environment and morale to their gosds. (Dennis, 2002)
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Elimination of waste is at the core of lean philasy. In the model, the way to achieve the
ultimate goal is by continually eliminating mudaof a lean point of view, muda means any
activity which the customer is not willing to payrf Waste elimination is strongly related to
lean, but it is only a means to achieve the leaalidt is not an end in itself. (Bicheno, 2004)

Workers in a lean system should always be readget waste and discover its sources.
Therefore, efforts to eliminate waste are nevernrendNicholas, 2006)

Waste prevention is at least as important as waisténation. Value is the converse of waste.
All organizations need to continually improve tlaio of value adding to non-value adding
activities. According to Nicholas (2006), there twe ways to do this:

e by preventing and reducing waste
e by going after value enhancement specifically

Bicheno (2004) mentions that Taiichi Ohno, the teaf Toyota Production System,
originally defined seven wastes, however, laterwaste of untapped human potential was
also added to the list as the eighth waste sirare peoduction aims to create thinking people.
Ohno's list with the additional eighth waste id@alows:

1. Waste of OverproductiorProducing items when there are no orders. Praduitio
much or too early or just in case creates wastenéans of overstaffing, storage,
transportation costs and excess inventory.

2. Waste of Waitinglt takes time when time is not used efficienllyaiting time can be
by workers, parts or customer and it is not valdairag to the product.

3. Waste of Unnecessary Movemeatnployees performing unnecessary motions such
as bending, stretching, looking for parts or waikbetween processes create non vale
adding waste

4. Waste of Transportingtnefficient transportation of materials, partsjished goods
between processes and in and out from storageraddsiue.

5. Waste of Over processing / incorrect processihigving unneeded or inefficient
processes creates unnecessary motions and defguists.

6. Waste of Unnecessary InventoriExcess raw materials and finished materials
inventory cause product damage, late deliveriesimbélances. Inventory also hides
problems in the system. Lowering inventories rewthal problems and lead to solve
them.

7. Waste of Defect?roducing defective parts or correction cost teme money. The
more time a defect remains undetected the moreicasided. For that reason, defects
should be determined by prevention methods instéadspection.

8. Waste of Untapped Human Potenti#aste is created by not engaging or listening to
employees because it is a loss in the usage of mymintial. It causes to lose time,
ideas, skills, improvements and learning opporiesit

As House of Lean model suggests, lean is a congeptud physical system, it is not a
toolbox. Lean practitioners who consider lean @asodbox and become familiar only one or
few tools and try to implement them in their orgaation will be disappointed. (Liker, 2004;
Nicholas, 2006)



The correct way of application of lean in an orgation is to choose some of the foundation
blocks according to the situation, appropriaten@spgortance, convenience or economics and
to start with enough number of foundation blocksptd up one wall (JIT or Jidoka), and
afterwards the philosophy which will be supportsdtibe wall. Eventually, by adding more
blocks and walls the organization, and also by B&pee and learning, the organization will
be leaner at each step. This is a lengthy proagsss lalso the only way how an organization
can achieve a truly strong and self-perpetuatimgn fof lean. (Nicholas, 2006)

Being as a system of thoughts and actions tailaderfar Toyota company and has been
refined over the years, lean is not a method whtbler companies can implement directly to
their system by simply practicing lean activitieean philosophy requires a total change of
the mindset of the organisation. (Womack & Jon8861 Liker, 2004)

A lean transformation can be performed by usingridw@mework seen in table 2.1. However, it
is still worthwhile to state that once applied segsfully and reached to a lean state, it does
not mean that the organisation will be foreveranlerganization so that the lean efforts can
be diminished. Actually, it is totally the oppositay. In that sense lean is only the beginning.
it is the beginning of a continuous process of glating waste in the organization, so this
framework should be continuous and iterative. (Biady 2004)

Step| Activity

1 Understanding the Lean Principles
2 Understanding Customers
3 Strategy, Planning and Communication

4 Understanding the System and Mapping

5 Product Rationalization and Lean Design

6 Implementing the Foundation Stones

7 The Value Stream Implementation Cycle

8 Building a Lean Culture

9 Working Lean Supply

10 | Working Lean Distribution

11 | Costing and Measuring

12 | Improving and Sustaining

Table 2.1 Lean Framework (Bicheno, 2004)

Lean Principles

Lean thinking can be summarized in five principdssseen in figure 2.2 below:
6



Pull

/ Flow

The Valuae Stream

Customer VYalue

Figure 2.2 Lean Principles (Lean Sigma Institute)

1. Specifying value from the point of view of the @or The critical starting point for
lean thinking is value. Value can only be defingdtibe ultimate customer and it is
only meaningful when expressed in terms of a sjgepifoduct (a good or a service,
and often both at once), which meets the custonmeesis at a specific price at a
specific time. (Womack & Jones, 1996)

2. ldentifying the value streanvValue Stream is all the specific actions requit@tring
a specific product (whether a good, a service oorabination of two) through three
critical management tasks of any business. Thase ttasks are problem solving or
product definition task, information managemenktasd physical transformation.
(Bicheno, 2004)

The value stream map is a tool that:
» Allows you to diagram your current value stream.
» |dentifies the bottlenecks that causes the delays
* Develops a vision of what your future lean sysstrould look like.

Furthermore, it is also important to look at thealehsupply chain, or more accurately
the demand network. Concentration should be owvignepoint of the object (product
or customer), not on the viewpoint of the departhoerprocess step. (Bicheno, 2004)

3. Make the value flowMaking the value flow means working on each desauaer,
and product continuously from beginning to endhs there is no waiting, downtime,
or waste, within or between the steps. The ideatlests a one piece flow at and
between processes.

This usually requires introducing new types of oigations or technologies and
getting rid of the obstacles. It s useful to wadcording to Stalk and Hout's Golden
Rule and never delay a value adding activity beeaisa non-value adding activity.
Instead, such activities should be done in pargBitheno, 2004)

4. Customer pull Pull means short-term response to the customatesof demand, and
not over producing.



Pull should be thought about on two levels. Onrfeero level, most organizations
will have to push up to a certain point and resptinfinal customers thereafter. The
aim is to push this point further and further upatm. On the micro level, there is
responding to pull signals from an internal custothat may be the next process in
the case of kanban. Attention to both levels iessary.

Letting the customer pull the product from the easitream eliminates the following
types of waste: designs that are obsolete befaepthduct is completed, finished
goods, inventories and elaborate inventory/inforomatracking systems. (Bicheno,
2004)

. Pursue perfectionAfter having worked through the previous princgl@erfection
becomes more possible. In a lean context, perfectieans producing exactly what
the customer wants, exactly at the right time, &iraprice and with minimum waste.
(Bicheno, 2004)

Bicheno (2004), also states these five principlesret a sequential, one off procedure,

but rather a journey of continuous improvement.

According to Bicheno (2004), there are 20 commamtés of lean which can be found in
the literature of Womack & Jones, Schonberger, ,Hadlldratt, and Imai who built their
works on giants Deming, Juran and Ohno. These theare be seen in table 2.2 below:

Customer Simplicity Waste Process Visibility
Regularity Flow Pull Postponement Prevention
Time Improvement Partnership Value Networks Gemba
Variation Participation Thinking small | Trust Knowledge
reduction

Table 2.2 Common themes in lean literature (Bicheno, 2004)

Lean Activities

As described in House of Lean Model, the lean gty is based on a number of building
blocks and foundation stones. All of these blockastst of various day-to-day activities
which contribute a successful achievement of leaifopophy. These lean activities can be

seen in Figure 2.3 below.




Customer focus:

« Hoshin planning, takt, heijunka
« Involvement, lean design, A3 thinking

Just-In-Time Jidoka
* Flow Involvement: * Poka-yoke ;
* Heijunka 5 ; « Zone control
« Takt time e e work | Viisual order (5S)
* Pull system «TPM * Problem solving
* Kanban « Kaizen circles = Abnormality
«Visual order (5S) « Suggestions control
* Robust process « Safety activities * Separate human
* Involvement « Hoshin planning and machine work
*‘Involvement
Standardized work Visual order (5S)
Kanban, A3 thinking Standardization Hoshin planning
Standardized work, 58, jidoka Stability TPM, heijunka, kanban

Figure 2.3 Lean Activities in the House of Lean (Dennis, 2002)

The foundation of the lean system is stability atehdardization. The walls are JIT delivery

and jidoka. The goal of the system is customerdpand at the heart of the system there is
involvement which is flexible and motivated teammiers continually seeking a better way

of doing things.

Stability

Stability is one of the foundation blocks of theude of Lean. According to Dennis (2002),
the improvements are impossible to achieve witlstahility in 4 Ms, which are:

« Man/Woman

* Machine
*« Material
« Method

Stability starts with visual management and 5Sesyst5S supports standardized work and
TPM (Total Productive Maintenance) which are thegski® achieve production stability.

5S system is designed to create a visual workplab&h is self-explaining, self-ordering,
and self-improving. 5S also supports JIT productignproviding point-of-use information
that eases decision making.

Dennis (2002) mentions 5S system is composed of:

» Sort: is the first principle of visual management aneans to sort out what you don’t
need in the workplace.

« Set in order: is about placing machines, tools;agte shelves to reduce the waste of
motion.

« Shine (and inspect): is about cleaning up the gtorareas, equipment and
surroundings to raise the team spirit.

« Standardize: is about putting simple, clear andialisstandards for easier visual
management.

e Sustain: is ensuring 5S develops deep roots ircdhgpany and becomes the normal
way of doing business.



5S leads the organization to TPM, which is the t@®ynachine stability and effectiveness.
TPM is revolutionary in the sense that it chandpesrindset of “I operate, you fix” into “We
are all responsible for our equipment, our plamt aar future.” (Dennis, 2002)

Standardization

Standardization is also one of the foundation kdook the House of Lean. The tools of
standardized work help to improve efficiency byntiying value and the waste in the
process. According to Dennis(2002), a standard:

* Is aclear image of a desired condition.
« Makes abnormalities immediately obvious so thateztive action can be taken.
* Is good when it is simple, clear and visual.

Bicheno(2004) explains three key aspects of stahaark which need to be understood:

« Standard work is not static, it should be updatbdma better way is found.

» Standard work supports stability and reduces vanatsince the work is performed
exact same way each time.

* Standard work is essential for continuous improvetme

Peter Wickens, Former HR Director of Nissan UK estathat “In a western company, the
standard operation is the property of the managemethe engineering department. In a
Japanese company it is the property of the peomlegdhe job. They prepare it, work to it,
and are responsible for improving it. Contrary taylbr's teaching, the Japanese combine
thinking and doing, and thus achieves a high leselinvolvement and commitment.”
(Bicheno, 2004)

According to Dennis (2002) the benefits of standatibn can be listed as:

e Process stability

» Clear stop and start points for each process
» Organizational learning

* Audit and problem solving

* Employee involvement and poka-yoke

» Kaizen

e Training

The most important elements of standardized woskk dmakt time, Cycle time, Work
sequence and In-process stock. Takt time shows fiequently a product should be
produced. Cycle time is the actual time it takesldahe process. The goal is to synchronize
the takt time with cycle time. Work sequence deditiee order in which the work is done, and
should be clearly defined. In-process stock isnti@mum number of unfinished work pieces
required for the operator to complete the procegBowt standing in front of a machine.
Defining in-process stock clearly esteablishes \WBrk-in-process) standards per process,
and again makes abnormalities obvious. (Dennis2R200
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Just-In-Time

Just in Time production is one of the walls thatlitbdouse of Lean and is based on a pull
system. Pull means to produce only when therecisseomer order. The opposite is push, and
means producing even if there is no demand fgDennis, 2002)

Dennis (2002) states that JIT production followsrfsimple rules:

Don’t produce something unless the customer hasreddt.

Level demand so that work may proceed smoothlyuinout the plant.
Link all processes to customer demand through Viswés (kanbans)
Maximize flexibility of people and machinery.

PR

The components of a JIT system are:

* Kanban: is a system of visual tools that synchmenend provide instruction to
suppliers and customers both internally and extigtna

* Production levelling (heijunka) : The goal is tmguce at the same pace every day so
as to minimize the variation in the workload. Haka alsi supports quick adaptation
to fluctuating demand.

Jidoka

The other wall which builds House of Lean is Jidokhais term has been defined by Toyota
as “automation with a human mind” and implies ilngeint workers and machines identifying
errors and taking quick counter measures. (De26i32)

Error proofing

Dennis (2002) states that high defect rates calgede errors in production lead to frequent
line stoppages, which make flow and pull, and tfegeslean production impossible.

Hirano (1988) mentions ten different types of esror

e Forgetfulness

e Errors due to misunderstanding
e Errors in identification

e Errors made by amateurs

e Wilful errors

* Inadvertent errors

* Errors due to slowness

e Errors due to lack of standards
e Surprise errors

e Intentional errors

Hirano (1988) also states that almost all errors lwa prevented if the sufficient effort is put
on identifying them and taking steps to prevenithsy using poka-yoke methods. Poka-yoke

11



means implementing simple low cost devices thdteeitdetect abnormal situations before
they occur, or once they occur, stop the line &vent defects. (Dennis, 2002)

Typical examples of poka-yoke devices are guids,pmror detection, alarms, limit switches,
counters and checklists. (Hirano, 1988)

According to Dennis (2002) a good poka-yoke sassthe following requirements:

» Simple, with long life and low maintenance.
* High reliability.

e Low cost.

» Designed for workplace conditions.

e Sourced by shop floor team members.

Involvement

Involvement is at the heart of the House of Leahe Explicit goal of all involvement
activities is to improve productivity, cost, delrydime, safety, environment and morale by:

» Solving specific problems by developing poka-yotegjucing walk time by altering
layout, reducing changeover time etc.

* Reducing hassles by applying 5S so that thingeasg to see and find.

* Reducing risk by implementing poka-yokes to elinenspills

According to Dennis(2002), the deeper goal is terome team member capability. By
strengthening the employee a company can faceutheefconfidently.

Kaizen Circle Activity (KCA) is the best known in@ment activity. It helps to strengthen
team members their ability to work as a part afaar, as a leader as well as it improves their
ability to thinkin clearly and logically to solvergblems. It also supports the team members
build confidence. (Dennis, 2002)

Fast, Flexible and Flow

According to Bicheno(2004), fast, flexible and fleav is the basis for lean in manufacturing.
Companies who are able to combine them in the wagtcan enjoy huge productivity and
guality gains simultaneously. Fast, flexible almhfis the vision which lean requires going
for waste reduction and continuous improvementm#éans breaking down the barriers
between traditional departments.

Bicheno (2004) also states that Fast is very ingmbibecause speed is at the heart of lean as
Ohno stated:

“All we are doing is looking at the time line...frame imoment the customer gives us an order
to the point where we collect the cash. And weradeicing the time line by removing non-
value added waste

In lean philosophy, the main focus is on econoroeBme, not on the economies of scale.
Sufficient speed can be seen as an order qudhfiespeed is increasingly an order winner.
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Customers are often prepared to pay a premiumatstr delivery. Besides, when producing
fast becomes the goal it leads automatically totevasduction, to improved layout, to
reduction of over production, to closer workingatenships, to better quality, to smaller
batches, and to value stream thinking. (Biche@042

Flexible is also very important for lean, becaudeoids key to answer market need as quick
as possible and to gain competitive advantage. yobayota by the use of lean philosophy
has the flexibilty advantage compared to its westampetitors. By making subtle changes
in the mix of vehicle models in the production sille, Toyota can adjust its production
output to meet rising or falling customer demantkgep plants running at full capacity. In
that sense, western companies are far less fleaitdethe consequences are idle plants, too
much inventory or lost sales. (Nicholas, 2006)

In a lean organisation, there are different typeflexibility and strategies available, which
are shown in table 2.3 below:

Flow is also very important in lean. It means waogksteadily at the customer rate, not hurry-
up and wait as in batch and queue, or concentraimghe value adding seconds whilst
ignoring non value adding hours. Going for flow meanot only competitiveness through
more satisfied customers but also greater prodtictivrough reducing the wastes of waiting
and inventory. (Bicheno, 2004)

Process Flexibility Product Flexibility Volume Flbxity Labour Flexibility

Link customer| Bring customizatior) Reduce dependenc¢yCapacity / Time
requirements directly closer to the on full capacity by flexibility, in order to
to production, so thatcustomer to avoid negotiating with| adjust  labout g
decisions are basedelying on stocks of workers and demand levels.

on real customerfinished products. | suppliers.
demand, rather than
on demand
forecasting.

Integrate suppliers toManage product Diversify production| Skill flexibility,
make orders visible variety by| plants, using dual-whereby people can
to all value chain understanding theplant or multimodal fulfill various tasks.
partners. cost and  profit plant strategies to

implications of| cope with volume

choice. variability.
Perpetuate sales datMake support Use incentives to Geographical
through the supply structures more manage demand andlexibility(ability to
chain to avoid anymutable to supportprofits, rather than move workers
time delays and total responsiveness| reactively discount between plants).
enable a fast excess stock.

response to changes.

Table 2.3 Flexibility and strategies available in a lean organization (Bicheno, 2004)
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2.2 Materials Feeding Systems

One of the key decisions for every assembly linthésdecision about the materials feeding
system which means the method of supplying masettathe operators. This decision affects
all of the other activities performed as well as prerformance of the assembly line.

Johansson (1991) mentions three principles of naddefleeding system for an assembly line
which are batch supply, continuous supply andngttiThese principles are categorized with
regard to two main variables as seen in figureb2ldw:

* Whether a selection or all of the part numbersdeplayed at the assembly station
e Whether the components are sorted by part numbessambly object

Selectl?n ofpart | Ay part numbers
numbers

Sorted by part BATCH CONTINUOUS
number

So‘rted by assembly KITTING

object

Source : Jchansson, 1991

Figure 2.4 Materials Feeding Principles

Later on, a fourth principle which is called sequsrsupply is added to the list by Johansson
& Johansson (2006) and it will be defined latethiis chapter.

Continuous Supply

Johansson (1991) defines continuous supply asabe where material is distributed to the
assembly stations in units suitable for handlind ahere these units are replaced when they
are empty.

Bozer and McGinnis (1992) mention the same conaspine stocking. Bulk delivery of the
materials is the usual way of materials feedingeri\different part number is supplied to to
the assembly line in an individual container. Thestrsignificant advantages of this way are
that no preprocessing of the parts are necessdrihancontinuous availability of stock at the
assembly line. In the case that one part is missindefected, assembly operator can easily
pick another one from the container. However, tlegeesome disadvantages too. If there are
an excess number of parts to be assembled it naebotsof capital is tied up in stock, shop
floor is becoming overcrowded by the parts, andabsembly operator has to move a lot to
get the parts and loses time looking for the campact numbers.
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Batch Supply

In batch supply systems the material is suppliedafmumber of specific assembly objects.
The batch of materials can be a batch of the nacggsrt numbers or a batch of these part
numbers in the requisite quantities. (Johansse® )l

Sequential Supply

Johansson & Johansson (2006) defines sequentiplysag the supply method that part
numbers needed for a specific number of assembjgctsbare displayed at the assembly
stations, sorted by object. The main motivation dequential supply is the fact that if the
product is assembled on a serial line where onigwa components are assembled at each
station, kitting is less advantageous since it vatjuire a lot of extra materials handling to
prepare different kits for each station. The sequmgn process can be located within or
outside the assembly plant which means that theemai feeding principle can differ
between the assembly station and the supply chdiis. is also true for the other materials
feeding principles.

Johansson (1991) states that these principles sikisiltaneously in one system and for
different kinds of parts complement each other.ptactice, pure systems can hardly be
described due to variety in systems and solutions.

According to an example from the industry givenllayjere & Van Landeghem (2008), in a
case study, it was found that for a total of sorB@Bpart numbers, 52% of the parts were
supplied to like line with continuous supply, 31%svsequenced at the supplier, 5% was
sequenced internally and the remaining 12% wasckegbor kitted internally.

2.3 Order Picking Activities
Another critical decision about the assembly Iméhie decision about order picking activities.

Order Picking is the process of removing items fiiorage to meet a specific demand. It can
be performed manually or partly automated. It repnés the basic service that the warehouse
provides for the customer. In a manufacturing aasaembly line is accepted as an internal
customer for the warehouse. (Tompkins, 1996)

Brynzer (1995) mentions one way of classifying ordieking systems is whether the picker
is travelling to picking locations (picker-to-pany the materials are brought to the picker
(part-to-picker). Picker to part is more common$ed in the industry.

According to Piasecki (2003), among all warehousegsses order picking tends to get the
most attention since the ability to quickly and@edely process customer orders has become
an essential part of doing business. It means leigt of importance placed on order picking
operations is its direct connection to customersfation. According to annual member
survey of Warehousing Education and Research Chwrder picking activities constitute
50% of the total operating cost in a typical wargde The distribution of the cost is as seen
in figure 2.5 below:
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B Order picking 50%
B Storage 20%
Shipping 15%

B Receiving15%

Figure 2.5 Distributions of Costs in a Typical Warehouse(Piasecki, 2003)

Frazelle(2001) lists a number of work elementsteel@o order picking as follows:
» Travelling to, from and between pick locations
» Extracting items from storage locations
» Reaching and bending to access pick locations
* Documenting picking transactions
e Sorting items into orders
* Packing items
» Searching for pick locations

The typical distribution of the working time of awder picker is as shown in figure 2.6
below:

60

40

20
. ] m B

Travelling Searching Extracting Other

Figure 2.6 Distribution of the working time of an order picker (Piasecki, 2003)

Frazelle (2001) recommends some methods to redurceli(ninate) these working times.
Such as bringing pick locations to the picker taluee travelling time, to automate
information flow to reduce documenting time, preasepn items at waist level to reduce
reaching time, illuminating pick locations to redusearching time and automated dispensing
to reduce extracting time.

Tompkins(1996) recommends a number of principlgdda order picking:

* Encourage and design for full-pallet as opposeddse case picking and full case as
opposed to broken case picking
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Bring the pick locations to the picker

Eliminate and combine order picking tasks when jess

Batch orders to reduce total travel time

Establish separate forward and reserve pickingsarea

Assign the most popular items to the most easitgssed locations in the warehouse
Balance picking activity across picking locationréaluce congestion

Assign items that are likely to be requested togetin the same or nearby locations
Sequence pick location visits to reduce travel time

Organize picking documents and displays to mininsegarch time and errors.

Design picking vehicles to minimize sorting timedagrrors to enhance the picker’s
comfort

Eliminate paperwork from the order picking activity

The Avery Way, which is a warehousing consultamhgany in US, has its eight secrets to
perfect order picking (elogistics101.com) which:are

1.

To automatically verify everythin@esign your order picking system to double-verify
every step of the picking process. People are apenake mistakes due to human
nature but double checking will catch the mistalkkesystem that requires scanning of
barcodes, along with a blind entry of the quantigked, will guarantee the right pick
IS made.

Touch items onceOrder pick process should allow enough verifieduaacy that
further repacking, quality checking, or shippingcking, is not required. A pick unit
should go to the customer (assembly line) touchndy loy the original picker’'s hands.

Minimize walking Walking time can be minimized by picking from bdides of the
aisle, placing slow-moving items on side aisleschtare entered only when needed,
picking many smaller orders in one trip (batch pigk)

100% product availabilityReplenishment system must be designed in a wastoe
an order picker never has to face an empty pickwgéting for replenishment, and
that orders never need to be segregated.

Use ABC item analysi®rioritization should be done between items. &ample, if
10% of the items can completely satisfy 50% ofdhders (typically true), then these
items can be called "A" items. A short pick linemqarised of only these "A" items can
be set up, and immediately half of the orders mequwalking through only 10% of the
pick area.

Stop pick and pass line pickingass-along picking slows all orders to the spe#dte
slowest picker, or, to the capacity of the buspsk station. Pick rates of the better
pickers can often be increased by 30% to 200%, hysswitching from conveyor
picking to individual cart picks.
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7. Invest in training and quality circle€ven the best designed order picking systems
undermine its original excellence by changing cogiorequirements. An investment
in productivity and accuracy improvement (Total @ya and management supported
quality circles that meet regularly to identify ptems and propose solutions, will pay
big dividends in continuous improvement of everaliaady excellent system.

8. Walk your talk The least costly and most effective way to imgrdive order picking
is through direct, continuous and enthusiasticaiog middle management support, of
the workers’ striving for the highest level of pie§ accuracy and efficiency. Workers
sense immediately, if management is only giving 8ervice" to their commitment to
excellence.

Key objectives of designing an order picking operatinclude increases iproductivity,
reduction ofcycle time and increases iaccuracy Sometimes these objectives may conflict
with one another in that a method that focusesrodyztivity may not provide a short enough
cycle time, or a method that focuses on accuragysaaerifice productivity. (Piasecki, 2003)

Decisions about order picking systems are very mapo for kitting because as stated by
Bozer & McGinnis (1992) and also supported by ottesearches like Brynzer (1995) and
Medbo (2008) conceptually kit assembly is an opleking operation itself.

2.4 Assembly Line Performance

As mentioned earlier, the decision about the matesupply system and order picking
activities affect the performance of the assemiolg.|lt is not very straightforward how to
measure the performance of the assembly line.

According to Medbo (2007), there are five main areashere the assembly system
performance can be measured:

1. Physical designMaterials facade length, materials facade artsios length and
materials fagade depth.

2. Work task Value adding time, indirect time, disturbancesprkv load, walking
distance, handling of components, time for handéngpty packaging, buffers.

3. Information and supportSound information, structured.

4. Flexibility: The free space, portability, easy to rearrange.

5. Materials planning Packaging size, lot sizes, run out time, sequeiereand, phase-
out components, part numbers, SKU displayed.

Chow (1990) mentions the performance measures eatefived from workstation capacity,
yield, line scheduling policy, job dispatching myili parts availability, line layout and
material-handling method. These measures can bpleoranted with:

Line capacity
Production lead time
Work-in-process
Workstation utilization

PwpPE
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3. Kitting Systems

In this chapter the theories about kitting are mneted. The reasons for applying kitting as well as
the benefits and drawbacks are explained. The emapnhds with examples of opinions of
professionals from various disciplines.

The practice of feeding components and subassemiblithe assembly line in predetermined
quantities that are placed together in specifidaiorrs is known akitting in the industry.

For discussion purposes, a kit may be generallyeteas a container which holds a specific
assortment of parts that are used in one or maenady operations in the plant. (Bozer &
McGinnis, 1992)

In Kits, all items are presented in a logical orsieithey can be removed from the container as
quickly as possible without damage. It is importémtkeep it simple and the kit itself is
structured or laid out in a predetermined and éffeavay. (Lean Advisors, 2008)

The type of components and subassemblies require@aich kit type is given by the kit
structure. Kit assembly is an operation whereral components and/or subassemblies that
are required for a particular kit type are phydicglaced in the appropriate kit container.
Conceptually, kit assembly is an order picking apien. (Bozer & McGinnis, 1992)

Kit assembly is commonly considered as a non-pripeievork. However, some researchers
like Ojmertz (1998) states the assortment of coreptscould itself be viewed as value
adding since it improves prerequisites for the mddieg operator.

Kit assembly can be performed by pickers or by desemblers themselves. Further, the
picking can either be performed in a central steragdecentralised areas located close to the
assembly area, so called materials markets. (Bryd285)

Two types of kits were observed by Bozer & McGinf1i892), which are stationary kits and
travelling kits. A stationary kit is delivered toveorkstation and it remains there until it is
depleted. The product which is assembled moves fneenstation to another. A travelling kit
is handled along with the product and it suppagtsesal workstations before it is depleted.

There are also two types of travelling kits. In thist type, the kit and the product travels in
the same container as product is assembled. Iisdbend type, the product travels in one
container and the kit follows it in parallel in @garate container.

A kit typically does not contain all the parts regd to assemble one unit of the end product
due to the complexity or product size. Besidesaoeicomponents such as fasteners, washers
are almost never included in kits, instead bulkivéeéd to the shop floor. (Bozer &
McGinnis, 1992)

Kitting can be performed in-house or by the sup@telower hourly cost. However, the lead
time will increase due to the transport from thp@ier to the production line. Since the kits
are often supplied in the correct sequence of thdyztion schedule, this will complicate the
job of supplying operator. Besides, the distribmitad kitting activities over several suppliers
sometimes leads to suboptimal installations angelsrmanual operations. (Limere & Van
Landeghem, 2008)
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Reasons for Kitting

In the search for more efficient and flexible protion systems together with the possibility
of better work conditions, highly parallelized asddy systems with long cycle times have
been developed. Generally, product lines requirgenand more part numbers due to a
growing diversity of variants. (Elser, 1985)

One disadvantage with these parallel and long ctioke systems is their complicated
materials feeding. Therefore, kitting systems haween considered and developed.
(Johansson, 1991)

The reasons to use kitting still look somewhat wetl understood and controversial in the
literature. Bozer & Ginnis (1992), state that propots of kitting point out that it gives the
user better control of WIP, and helps reduce fkpace. On the other hand, opponents claim
that the man-hours consumed in the picking proeasn-productive labour and that kitting
is used primarily to conceal poor manufacturingrapens management. (Brynzer, 1995)

In parallel assembly systems, more part numberst teisexposed at every work station
compared to serial assembly. This leads to a ladpace when continuous supply is used.
Moreover, the number of storing areas for a parhlmer will be increased since every part
number is supplied to several parallel stationgeans$ of one station. In this situation, with the
use of continuous supply administrative problemsuocBesides, problems about flexibility

occur which result in large amount of tied-up calpih the storage and in the production
system. (Brynzer, 1995)

Additionally, Brynzer (1995) mentions that kittihgs also shown to be proper:

* When a large number of variant components demdaida floor area in the assembly
system.
* For minimising the risk of assembling the wrong poment.

From a product flow point of view, parallel flowéiong cycle time assembly systems might
look confusing to the engineers who wants to sm@othe flow of products and components
within a plant, since the product flow in this typeplant does not mirror the actual assembly
work. Since the operators constantly move aroumdpitoducts and alternate between the
products and subassembly stations, the work patt@gnmirrors the assembly work but not
the product flow. Therefore, an important reasamkitting is the product description aspect.
A basic principle is that the materials kit shotudction as a structured puzzle which is an
assembly instruction enabling the operators to toontheir work. By this way the
operators’assembly work is supported. (Medbo, 2003)

The theory about parallel flow and long cycle tiassembly systems has been focused mostly
on efficiency and organisational aspects. Argumamslerlined are that increased job
enlargement, through long cycle time assembly wooknbined with parallel product flows,
enables job enrichment and autonomous workgroumsyveMer, merits in the form of
flexibility are also becoming more and more impottdue to shorter product life cycles,
increased product variation and shorter lead tifMsdbo, 2003)
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Major Benefits of Kitting

In the literature, numerous advantages for theai&éting are mentioned. Many of them are
repeated by more than one researcher.

For the purposes of this research, it was founcefi@al to group them under previously
mentioned five tracks. Here, it is worthwhile to mtien some benefits can be thought for
more than one tracks, for example the eliminatibrsearching time can be thought as a
benefit both from a materials handling point ofwiand also from a learning point of view
since it will cancel some of the required trainfogthe order picker.

These benefits all together can be seen as aitathle appendix section.
Benefits to solve space problems:

e Saving space in the work stations, if the materialsre supplied in materials
containers, i.e. tote pans, with numerous identcahponents in the same container,
this would have resulted in an enormous plant (Bé&eévic Ginnis, 1992; Medbo
2003)

e Savings in manufacturing space and a better orgdnghop floor. (Bozer & Mc
Ginnis, 1992; Medbo, 2003)

* Inventory costs could be reduced due to integratechge and assembly. (Sellers &
Nof, 1986; Schwind, 1992)

Benefits to solve quality problems

» Parts could be damaged lying idle in open packa&esiwind, 1992 )

» Safer use of components that are similar in appeargdSchwind, 1992)

« Components can be presented in sequential or agsendler in special packages that
ensure correct assembly. (Schwind, 1992

» Kitting ensures that the latest bill of materialged. (Schwind, 1992)

» High value components can be secured in kittingkage. (Schwind, 1992)

» Early identification of low quality components. (®es & Nof, 1986; Bozer & Mc
Ginnis, 1992; Medbo, 2003)

* There will be less damage in the transportatiorcgss. (Bozer & Mc Ginnis, 1992;
Medbo, 2003)

Benefits on materials handling

* Reduced material handling, instead of sending sipgirts, a collection of parts will
be sent to the assembly line. (Sellers & Nof, 19B6)g & Balakrishnan, 1990;
Medbo 2003)

» The elimination of searching time. Order pickersndd need to search for the required
parts, since all parts are in a single kit. Thamfoncreased productivity. (Ding &
Balakrishnan, 1990; Medbo, 2003)

» Better control over WIP, the parts of existing kpgsovide immediate information
regarding the WIP level, since each kit consista gredetermined quantity of parts.
(Ding & Balakrishnan, 1990)
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It could be ensured that all components are aMail@ior to scheduling work.
(Schwind, 1992)

Better control of material flow. (Sellers & Nof, 88)

When kits are standardized, this offers an oppdstua implement robotic handling.
(Boldrin, 1982; Bozer & Mc Ginnis, 1992)

Benefits on flexibility:

The assembly areas could become more flexible s ffom leftover components.
(Schwind, 1992)

If traditional materials feeding through line stouk is utilised in parallel flow
assembly, control of the number of components twestreplenishment, and the
numerous design change orders will be complicatedadminister and handle.
(Medbo, 2003)

Improved control over and better visibility of tflew of components on the shop
floor. As a consequence part availability will alsetter besides product changeover
can be easily accomplished. (Conrad& Pucanic, 18fzer & Mc Ginnis, 1992;
Medbo, 2003)

Less work-in-process at the work stations, and eguently shorter lead times.
(Medbo, 2003)

Benefits on learning

Kits are easier to learn for assembly workers wHedds easier training (lower
learning curves) and also reduces the training. q@¥ng & Balakrishnan, 1990;

Medbo 2003)

Using the materials as work instruction. (Medbd)20

Complex products can be overviewed and be undets{dtedbo, 2003)

It would be easy to notice if a component is migsigiven that the kit package is
properly designed. (Schwind, 1992)

Major Drawbacks of Kitting

It is crucial to mention the drawbacks of kittingncept to be able to give an unbiased
representation. The major drawbacks which were ioeed in the literature are as follows:

Preparing the kits requires some time and efforicivhis a non value adding
activity.(waste) (Bozer & McGinnis, 1992)

Kitting is likely to increase in storage space fiegment, especially when kits are
prepared in advance. (Bozer & McGinnis, 1992)

When different kits contain common parts, an asegmt of available parts to kits
needs to be done. (Bozer & McGinnis, 1992)

Temporary shortage of parts will decrease the divefféciency of kitting. (Bozer &
McGinnis, 1992)
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* Spare parts might be needed at the assembly litleeicase that a part in the kit is
wrong or defected, otherwise the production willdisrupted. (Bozer & McGinnis,
1992)

« Components that may even fail during the assembbggss will require special
consideration or exceptions. (Bozer & McGinnis, 299

« If parts shortages develop, some kits may get tatined. That is, short parts may be
removed from some of the existing kits. This mayfer complicate the shortage and
it may lead to problems in parts accountabilityoZBr & McGinnis, 1992)

* Anincreased number of handling occasions incretmeprobability of damaging the
components, therefore not all components are daitldy kitting. (Johansson &
Johansson, 2006)

These drawbacks can be seen as a table all togetther appendix section.

In the literature, there are many comments aboeat gtoblems by using improperly or

incompletely assembled kits. The “complete kit” cept is introduced by Ronen (1992) as
the readiness of the kit prior to release to thapgtoor. There are two major components of a
complete kit as hardware and information. The rutesv to use the complete kit are

threefold:

1. Do not start assembly unless the kit is complessigh one person as the gater to be
in charge of the complete kit and gater’s taskslafened as follows:

« Making sure that only the jobs that need to be pred according to the
schedule will be released.

* Auditing the batch sizes and ensuring that onlylslog that conform with the
demand will be released.

* Monitoring the buffers on the floor. Once the bufare full, he should not
release more WIP to the floor.

* Making sure that only complete kits are released.

2. If the process / assembly or subassembly time esc86% of total lead time, the
levels of assembly should be redefined.

3. All entities needed to complete the process areded in the kit.
The fact that working with a complete kit is beismgnificantly important indicates there
should be some problems working with an incomplete These problems are defined by

Ronen (1992) as follows:

* More WIP. an incomplete kit causes an increase in WIP dubé job waits for the
arrival of additional components.

» Longer lead timethe practice of using an incomplete kit causesensetups and the
double handling means more time per part is spent.
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High variance of quoted lead timel is very difficult to quote a lead time when a
major item of information (arrival time of missirigms) is unknown and difficult to
predict.

Poor quality and more reworkncomplete kits tend to wait in inadequate sterag
facilities for too long until the missing item areis.

Decline in throughputAn item that is processed without being soldas eonsidered
throughput. When resources are utilized on prodties cannot be sent, other jobs
that can turn into throughput have to wait.

Decline in productivity Experience shows that releasing an incompleteokite floor
means spending 40% more working hours than workitlya complete Kkit.

More operating expensesligh WIP causes more operating expenses on atafun
more holding costs, more scrap and more work gatthe job.

Decline in workers’ motivatianRegardless of their education and training, awell
of complexity of the work they are doing, the peojadse motivation and trust in the
system when they feel that they are forced to ¢gmegntly unnecessary work.

Increase in complexity of control&ven a simple flow chart may become inordinately
complicated when incomplete kits are allowed indixstem.

Less effort to ensure arrival of the missing latis Releasing an incomplete kit to the
floor gives both to the customer and the produgeriltusion that every effort is being
made to get the job done.
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Opinions about Kitting Operations from Professionak
Henrik Brynzer, Volvo Cars Torslanda

Henrik Brynzer is a manager in material handlingjieeering department of Volvo Car
Corporation. He has long years of experience akittirig systems both in the research area
and also in the industry.

Brynzer initially mentions three main problem ameawhich kitting is used as a solution,
which are: space, quality and learning. He stdtasit there are problems about fitting a high
number of parts efficiently in the production aiaif there are quality issues about some
parts then kitting could be a very good solutioesifles, if there are some similar or tricky
parts, kitting can be used as a work instructiartlie operators.

Brynzer highlights that having an efficient pickingormation system to support picking is
very vital for the success of kitting operationgormation systems are costly but this amount
of money should be installed to provide a qualilyesand efficient kitting set up. He also
emphasized that kitting operations must be locaealose as possible to production line.
Therefore, in Volvo Cars they prefer to keep kdtactivities in-house with direct connection
to production area to be lean, more responsivenaakle more efficient changes by faster
feedback. He also gives an example from Ford iichvthey are doing the kitting operations
on-line.

Brynzer states that in the industry pick to voioé @ick to light systems are available. If it is

very big parts and large space to drive around fhek to voice could be a better solution.

However, they are using currently pick to lightMolvo Cars. He also states that they usually
kit medium and small size parts. Larger parts acgenoften sequenced instead of Kitting,

because it is difficult to kit larger parts.

For successful kitting operations Brynzer thinkatth is very critical to secure the kits are
100% correctly assembled and efficiently perfornm@therwise, the operations would fail.

Efficiency in a production system can be measusechan-hours or quality. Therefore, kitting

could improve efficiency in production since a ¢dtwalking time and searching time for the

operator is saved, and also number of wrong piskilsgreduced. Furthermore, kitting is

increasing visibility and helping to create a lagoé environment. He also gives examples of
companies like Mazda, Ford, and IKEA that is using benefiting from kitting.

Brynzer argues that the biggest limitation forikgtis too much material handling that is to
handle the parts more than one time which is ma#ly and also may cause quality
problems for some sensitive parts. Therefore, hkshthose parts should not be included in
kitting. He also states that kitting could decreidseflexibility for future changes.

Brynzer summarizes his words by stating kittingnesther an easy nor a cheap solution.
Therefore it should not be the first solution fazanpany.
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Table 3.1 shows a summary of key learning poirds\fBrynzer.

An efficient picking information system to supppitking is very vital.

Kitting operations should be located as close asipte to production line.

It is very critical to secure the kits are 100%reotly assembled and efficiently performed,|

Too much material handling is an important limaatifor kitting.

Sensitive parts with quality issues should notriméuided in kits.

Kitting should not be the first solution for a coamy.

Table 3.1 Key learning points from Henrik Brynzer

Peter Friberg, Volvo Cars Skévde

Peter Friberg is the program manager for centrakMm Volvo Cars. He was in charge of
the kitting operations in Volvo Plant which had besplemented once but then needed to be
replaced with other methods due to certain probleH®vever, Friberg says kitting is
discussed once again today because of the spadesragnts in the plant.

As a start, Friberg states that kitting is theistlgolution since it is expensive and also
consumes too much engineering resources. In Volas,Gheir first option is to pick the
variants readily and directly from the supplierc&®d option is to downsize, which requires
repacking activities. Third option is batching. Rbuoption is called sequenced exposure in
which they expose only the high volume parts inrttagerials facade.

Friberg thinks that their biggest problem was tgyto kit the whole engine. Since the plant
was new and everything was planned as state ofhay, intended to kit the whole engine
which didn’t work at all. Today he thinks that thas a break-even point at which kitting is
most beneficial and after that point it turns osiadailure.

He also mentions that more training was neededh®mworkers after implementing kitting.
Therefore, he emphasizes that having fixed kitegsonnel is very important for the success
of kitting operations. Otherwise, number of ernmiease significantly in each changeover.

Friberg also states that parts like nuts and [sbitgild not be included in kitting, because it is
always possible to drop and lose one part andugesfurther problems when they are in kits.

Some major problems occurred in the plant aftelementing kitting were:

» Constantly growing kitting area.

* Huge grow in engineering work and resources congpaoethe situation without
Kitting.

* Amount of kitting personnel always turned out mttran expected.

» Disturbances from automatic store.
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* Picking errors were more common than before. Ther® no time to read the picking
list. Workers were checking it only when they werrecertain instead of checking it
each time.

» Parts were stacking into each other and got damiaigéne kit containers. Some other
parts like belts, pipes and harnesses were diffioypick and place in kits.

* Initial plan was the operator should pick the kitgulating from the assembly but it
failed due to many changeovers. The workers didmiember what to pick and where
to place the items.

« Different speed of the workers caused waiting timthe kitting corridors.

* Problems due to one-sidedness. It was more ditfioudet and keep the personnel.
Finally, Friberg emphasizes the importance of gwathing and the support of an electronic
system to prevent picking errors. Table 3.2 shovssimmary of key learning points from
Friberg.

Kitting is never the first solution because it ism@ expensive than other solutions.

Everything should not be kitted. There is a brea#repoint somewhere.

Fixed kitting personnel is necessary otherwiseetiners increase.

Parts like nuts and bolts should not be includekitimg

Good training and the support of an electronicesysare vital.

Table 3.2 Key learning points from Peter Friberg

Sebastian Numler, Johnson Controls Arendal

Sebastian Numler is lead expeditor in Johnson Gntn Arendal and he is working with
new module program, getting the parts more ergocallyi to the assembly line and also
efficiently.

Numler initially states that their main reason &pplying kitting in Johnson Controls was the
space problems due to the high number of vari@dmesther important reason for them was to
decrease the non value adding time of the workengy try to keep workers as busy as
possible and only with assembly. Everything ex@gstembly that workers are busy with is a
non value adding activity.

Numler mentions that currently they have 1-2 kgtpersonnel who are only busy with kitting
but these persons used to work in assembly belfi@reénmplementation of kitting so in total
there are no change in the number of workers.

First focus for Johnson Controls in Kitting was dget things up and running. But, the
consequence was lower quality in the end producthext step for them is to work with
kitting quality-wise.

Numler thinks that in order to do good kitting wigbod quality it is important to design new
boxes which match all different part types sinogytput numerous parts in one type of box
which was not really designed for kitting. (Volveub boxes) So, the parts get scratched in
these boxes and quality level decreases.”
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Numler adds that kitting brought gains as moreatiffe material flow, decreased picking
errors and cycle times. However, there are stifigh to improve. He defines two conditions
for a good kitting which are a large picking area &lectronic support.

Numler finalizes by emphasizing the importanceitifrig activities for Johnson Controls and
he foresees an increase in the usage of kittingsaqdencing activities in the future.

Table 3.3 shows a summary of key learning poirdsifNumler.

Main reason for kitting is the problems about space

It is important to use boxes specially designediting.

A large picking area and electronic support areartgnt for good kitting.

Kitting activities will be increasingly used in theture.

Table 3.3 Key learning points from Sebastian Numler

Lars Medbo, Chalmers University of Technology Gotebrg

Lars Medbo is an assistant professor in Logistncs Bransportation Department in Chalmers
University of Technology and he has long years xjjegience about production systems
design and kitting operations.

Medbo initially mentions about the principles ofdéte learning and holistic learning to
emphasize the learning effects of kitting and hatting can be used as a work instruction.
By the usage of kitting, workers better understreproduct as a whole and form a mental
picture of it as they do it repeatedly. That tukiting into a tool that helps workers to learn
and assemble correctly. Practices show that it ecrlery well.

As well as learning, Medbo identifies other tragkswhich kitting could be used very
effectively to solve problems. They are: spaceilfiéity, materials handling and quality.

Part size is an important factor for kitting becader larger parts the focus is more on
materials handling whereas for small and mediura parts it is more about learning aspects.

Medbo mentions kitting brings huge reductions im-wvalue adding time of the assembly
workers compared to its alternative line stockifigpically in line stocking 40% of the used
time is non-value adding whereas in kitting it éases to 20%.

There are differences how Kkitting is recognize®weden and Japan. He thinks that kitting is
not fully understood in Sweden with all its aspesuish as quality, flexibility and cognitive
aspects but instead it is considered to solve spadd@em which is not similar to the case in
Japan where these other aspects are included inesascases. Japanese kitting applications
were observed to focus mostly on quality and lemymsues.

Medbo summarizes the reasons for using kitting as:

* Accuracy, correct components, precision in the igoumétion of an assembled product
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» Using the materials as work instruction

e Complex products can be overviewed and be undeafstoo

» Alternative to sequencing of separate componengeiial flows
» Alternative to smaller packages in serial flows

* Enabling materials supply and feeding to paraltahf

Medbo finally emphasizes that it is very importémtfollow up the kits are 100% correctly
assembled. Otherwise, there can be problems icake of a missing or wrong part and it
takes long time to solve this problem and may caust®p in the production.

Table 3.4 shows a summary of key learning poirdsifMedbo.

S

Kitting can be used to solve problems of spacelitgudlexibility, materials handling anc
learning.

Kitting is a tool that helps workers to learn asdemble correctly.

There are big differences how kitting is recognize8wedish and Japanese industry.

Kitting is not fully understood in Sweden with & aspects such as quality, flexibility apd
cognitive aspects, it is more often consideredteesspace problem only.

Kitting brings huge reductions in non-value addiinge of the assembly workers.

It is very important to follow up the kits are 19®correctly assembled.

Table 3.4 Key learning points from Lars Medbo
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4. Lean Kitting

In this chapter the concept of lean kitting is @met®d. The possibilities for applying kitting in a
lean production system are further considered lwngi an example from literature and another
example called SPS from Toyota Production System.

To contribute to this research, it was found veepddicial to discuss to which extent kitting
fits to lean philosophies. In the literature, thare researchers like Vujosevic (2008) who
mentioned the term lean kitting.

Vujosevic (2008) mentions kitting activities usyaditarts with an order generated by plant’s
ERP/MRP system. With this order, production conttepartment first verifies that adequate
quantity is available for each part number. If thare shortages, parts are ordered. In general,
the kit is not released to the stockroom until partrive. After the arrival of short parts, the
kit, now complete, is released to the stockroompfoking. The kit is typically sent to the off
line setup area within 48 hours. The time it tat@pick all parts depends it sizeand
numberandskill of employeegVujosevic, 2008)

There are some problems observed by Vujosevic (2808 to the inaccurate nature of ERP
when it comes to following on-hand inventory levassparts flow during kitting. Besides, the
system is only accurate about the total quantityaafertain part type but not about the
delivery. (for example: a total of 20,000 partssusr 4 deliveries of 5,000 parts) These
inaccuracies together with human errors causagifiroblems such as:

e Insufficient quantity of parts.

» Excessive quantity of parts.

* Wrong parts.

e Incomplete Kits.

» Insufficient quantity of packages

Then, these problems in kitting lead to increaseachime downtime, lead times, and
manpower.(Ronen, 1992; Vujosevic, 2008)

Vujosevic (2008) mentions a lean kitting projecadarge electronics contract manufacturer’s
site and the project involved an assembly line theluded a new Fuji NXT pick-and-place
line. The NXT machine is based on a new concephadular, scalable, and reconfigurable
pick and place machines. This NXT machine had l@dutes. Thus, the same part number
may occur on different modules as a result of pteax® sequence optimization and load
balancing. The priority for the project was to ehiate waste on the assembly line by making
sure machine downtime due to kitting problems dusshappen. Next was to eliminate waste
and make the kitting process as lean as possible.

Further goals for the project are explained as:

* Reduce kitting cycle time.

* Reduce manpower.

* Reduce number of partial material packages retutmstbckroom.

« Eliminate the issue of insufficient quantity of maal packages for parts split between
different modules on NXT machine.

« Eliminate the possibility of wrong components belkitted by implementing electrical
component test and component verification.
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After the implementation of the project, their seanendation was not to eliminate kitting
but instead eliminate waste from kitting and malke st is right the first time so that there is
no machine downtime caused by invalid kits.

Their solution can be called as a “Supplier Cotgrbsupermarket Based Kitting” —which is
similar to SPS in Toyota- and the following resul&sre noted by Vujosevic (2008) as a result
of the project.

* A central stockroom should not be used.

 The ERP system-based component procurement shewbdiished.

* A supplier who can supply all types of componehitsutd be used.

* On-hand quantity requirement for each componentilshioe established based on the
ERP forecasts (weekly consumption), or even bedtg#uyal sales.

« Part consumption and attrition is maintained usinganufacturing execution system
(MES). The component supplier gets (daily) datafffdES on part consumption.

» The supplier restocks parts once a week based d $dpplied data.

The advantages compared the earlier situationh&eeduced inventory cost, more accurate
inventory counts, reduced manpower, reduced papkna&ad purchase order cost. The
disadvantage of the new situation is the initigblementation cost. Also, tying all inventory

needs to one or a few suppliers may be risky.

In the industry, it has also been reported thatof@yas started using kitting in some of their
plants for high volume assembly operations. It iseav kitting process, called Set Pallet
System (SPS), implemented in San Antonio plant e/ileey produce Tundra full-size pickup
trucks. (leaninstituut.nl)

Before the implementation of SPS, line-side storeagks were used by operators to pick
parts as seen in figure 4.1 below. Operators waatk from their assembly station to each
rack and pick parts to install.

| Traditional Style |

Assembly
Line (Top
View)

o o _ O -
Assembly l \\// J \\// J \\//
]l— Cl—[=] Cl—[]

Farestoraae . [ ] ]
] [ ] [

L [ | [ ]
\ /

Work Sequence
1) Read type of vehicle
2) Walk to get parts
3) Select parts
4) Walk back to vehicle
8) Assembly parts and
return to start position

Figure 4.1 Traditional Assembly Line (Toyota New Material Handling System)
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SPS introduces kitting personnel that receive aadigvith a list of parts to be kitted, pick
parts from storage racks, and then deliver patiefzarts to the assembly stations. Assembly
operators are not involved in the part picking pssc any longer. Operator walking is
dramatically reduced and parts selection eliminafédlking and selecting is concentrated on
material handlers, freeing assembly operators tweatrate on installation. In figure 4.2
below, operators walk from position A to B duringgtallation, then back to position A. After
receiving an electronic signal on what parts tedglmaterial handlers take the parts from
line-side bins to a pallet or tray traveling witletcar or engine being assembled. Material
handlers bring empty trays back to the racks fpter@shment at the end of their station
positions. (leaninstituut.nl)

SPS Style
Chetros 5228 .
View)
—— = -
Assembly [5 | 4 4 4’ [e]
Worker O O O
~— — — /
RS
®
Worker I

Storage
SPS Work Sequence
1) Part selection signal
2) Select parts
3) Select parts
4)  Select parts
8) Deliver parts
B8) Empty palette returns

Figure 4.2 Set Pallet System (Toyota New Material Handling System)

According to a Toyota spokesman the advantagdsapproach are:

* More value added time by the operatddy the cancellation of non-value-adding task
of walking a few steps to retrieve parts from floacks, now operators stay in a very
tight zone and focus nearly 100% of their time lo& value-added work of installing
parts. The switch also eliminates reaching, stietchand searching for parts by
assembly operators. (Value)

e Cleaner work areas with visual contrdlhe line become less cluttered, easier to see,
easier to walk around, and just feel like a mucheapen work space. (5S)

* Fewer part selection errors'he big advantage of the new material handlirgiesy is
simplicity and quality improvement through errooaance. (Poka-yoke)

e Easier training of assembly operator§he new arrangement also makes training
operators and material handlers easier becaugeltimesponsibilities are narrower.

On the other hand, there are two disadvantageshvdne the increased manpower by adding
kitting personnel and adding or subtracting pickersrementally as takt time changed
somewhat harder to do. (leaninstituut.nl)
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As mentioned earlier, a fit to the pull productisystem is also very important for kitting
activities to fit in lean production systems. Di&gBalakrishnan (1990) consider part-size,
lot-size and kit-size are the most important fagfor a good fit to pull production.

Part-size

In industries dealing with heavy and bulky partgtsas metal industry, sizes of the parts are
needed to be considered very carefully for kittiSgme large parts which don’t fit into kits
should be handled separately. In a pull productigstem, these large parts can be pulled
individually while the kittable parts are pulledy&ther as a kit. (Ding & Balakrishnan, 1990)

Lot-size

Another important decision to make for a pull sgstss whether to have parts production
pulled by kits or pulled by parts. A pulled by kiystem refers to a system that triggers the
production for all the parts of a kit whenever Kites emptied. A pulled by part system refers
to system that provides intermediate storage betvilee manufacturing facilities and using
stations for various kitted parts. Whenever a &iemptied, it is refilled by retrieving parts
from this intermediate storage point.

Briefly, pulled by kit would give one rhythm of rnemishment while pulled by part would
allow different rhythms for various kitted partBifg & Balakrishnan, 1990)

Kit-size

For a system that works under pull production,agercontainer sizes should be compatible
with kit sizes. Otherwise, if at any moment the f@mof units in the container of a certain

part is less than the kit size, that containersisless for kitting. The determination of the kit

size is affected by container size, material hawgdéind WIP. (Ding & Balakrishnan, 1990)
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5. Analysis

In this chapter an analysis of the previously nmamed concepts are performed. Kitting activities
are analyzed generally under five tracks and furti@re from a lean kitting perspective.

Kitting as a method of materials supply to the addg line is generally observed as a good
solution for the industry whenever there are pnolsleabout space, quality, materials
handling, flexibility and learning due to high nuembof variants. However, it is also a
demanding and expensive solution. Companies peefesidering it as their last solution due
its high amount of cost.

In the industry, kitting is used in combination kvibther materials supply methods such as
line stocking, batching and sequencing. Experierstesv that kitting everything is not a
good idea. There is a breakeven point where Kkitisngt its best and after that point more
problems occur due to increasing complexity. Furtioge, some certain parts should not be
ever included in the kits. These are small pakis fiuts and bolts, washers and also certain
sensitive parts with quality issues.

There are numerous drawbacks of kitting if perfairpeorly. Therefore, it is very important

to do kitting properly and secured from mistakessiBes, kits should be simple and be
structured in a predetermined and effective wayting performs at its best when it is

performed in-house and as close as possible tastembly line.

Kitting decisions affect the performance of assemibles significantly according to the
previously mentioned areas physical desigrby changing the material facade dimensions;
work taskby reducing the travelling and searching timestfer workersjnformation and
supportby serving as a work instruction and lowering kda&ring curves for the workers;
flexibility by creating free space around the assembly lidereterials plannindy affecting
packaging size and amount of parts displayed arthedssembly line.

For the purposes of this thesis it was found berafio analyze kitting operations under five
tracks.

Space

As supported by all researches and professionais the industry, kitting is used as a very
useful solution when there is high number of vasademand a large area around the
assembly line.

From a Swedish industry point of view, space pnoisleseem the only and most important
reason for applying kitting. All interviewed proBsnals were agreeing on showing space
issues as their main reason. Furthermore, aseitdbe of Volvo Cars, although they had a
past failure caused by too much Kitting, todayirkittis still a hot topic for them. The reason is
simply the space concerns.

However, Medbo thinks there is a misconception itting in the Swedish industry and
proves his ideas with examples from Japanese indusé states that the business cases are
Kitting in Japan are prepared by considering dfietent aspects of kitting, not only space
which is not the case in Sweden since there islkaddawareness and necessary modules to
add them in the business case.
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Medbo states that a business case about kittingidening only the space issue but ignoring
other issues will cause further problems in thedpotion. As in Johnson Controls case, usage
of kitting only to gain some space without reallynsidering quality issues created quality
problems for them. Therefore, they had to takeiyualise improvement steps afterwards.

The idea proves itself true in application even thg problems mentioned by other
interviewed professionals such as: constantly gngwkitting area, huge grow in engineering
work, higher amount of kitting personnel, more commpicking errors, decreased quality and
disturbances from automatic store.

Quality
In the literature almost all researchers mentiamehits of kitting from a quality point of view.

Main benefits for quality are the reduction in thember of wrong pickings and wrong
assembly by safer use of parts that are similappearance. Although, it doesn’t seem as the
most important reason for applying kitting from tBevedish industry point of view, they all
are aware of the quality benefits. Still, no qyalgsue was shown by them as the main
motivation for kitting as in the Japanese examples.

Here, it is important to emphasize that kittingeats quality positively as long as it is secured,
done 100% correctly and in proper packaging othemticreates some problems in quality.

Therefore, support of an electronic system is \dtamentioned by most researchers. Besides,
working with a complete kit is crucial. An incomgaekit would cause poor quality and more
rework.

If not secured or applied correctly, kitting codlause many problems. As in Volvo Cars, too
much kitting leaded their number of wrong pickinigancrease and quality level to decrease
consequently. As in Johnson Controls, when perfdrmenon-designed boxes it may cause
lower quality due to the scratching parts. Sensiparts, if added in kits, may cause quality
problems, too.

Therefore, it can be said that kitting may add liieheo quality only if it is applied correctly
and properly otherwise it becomes a reason for goality.

Materials Handling

As previously mentioned, there are a number of tisnef kitting in materials handling area
such as the elimination of searching time, bettetrol over WIP, better parts availability,
standardization of the work. These are commonlgjgied by most researchers however there
are different and contradictive ideas when it coteethe amount of materials handling after

applying kitting.

Conceptually, kitting is an order picking operatiggelf. The figures shown by Piasecki
proves that travelling, extracting and searchinggtifor the parts in order picking constitutes
an average of 80% of the whole working time. Kdti as a method of bringing the picking
location to the picker, helps to decrease all eséhnon-value adding times significantly. Well
defined methods for order picking as suggesteddmpkins and Avery Way are essential.

In the literature, there are comments on both did@smaterials handling could be decreased
or increased by kitting. Thinking about sendingadlection of parts to the assembly line
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instead of individual parts and the eliminatiortlod worker’s efforts to locate the correct part
kitting can be accepted to decrease the materaislimg in the assembly area. However,
from a larger point of view including the kittinggsembly area, it increases the materials
handling activities.

Locating the kitting assembly station as close@ssible to the assembly line was mentioned
and accepted as a fact by all researchers andsprof@als. There are various benefits of doing
this such as better coordination, being more resiperand getting faster feedback whenever
a problem occurs in the assembly line.

Part size is also very important in order pickirghaties and kitting. Brynzer mentions that
for large parts pick to voice systems could be téebsolution. In Volvo Cars, they kit small
and medium size parts and they use pick to ligbtesys. Medbo states that for small and
medium size parts kitting could be used as a waskeuction whereas for larger parts focus is
more on materials handling.

Brynzer recognizes the biggest limitation of kigtias too much materials handling. Touching
the parts more than once is both costly and caimeer quality as Avery Way also
mentioned in their perfect order picking method.

Flexibility

There are contradictive ideas in flexibility issu@p. Most researchers think that kitting has
numerous benefits in the flexibility area whereaspie in the industry were not observed to
agree with these researchers.

In the literature, it is mentioned that kitting pelthe assembly area to be more flexible and
free from left over components therefore leadsebefisibility and easier control of the flow.
Improved control of the flow and better visibilitgads easier product changeovers which
decrease the lead times.

However, most of the professionals interviewed mnoeetd that they observed a less flexible
production system after the implementation of kgti Brynzer mentioned that once applied,
kitting makes the system less flexible to futurarues. These contradictive ideas were also
mentioned and supported by Friberg.

To my opinion, these contradictive ideas are salitmedifferent ways of understanding the
term flexibility. As mentioned in second chapterdasummarized in Table 2.3 there are
different dimensions of flexibility. When differeqteople are talking about flexibility, they
focus on different types of flexibility most of thiene. Brynzer and Friberg focus more on
process flexibility and labor flexibility point ofiew. On the other hand, researchers who
defend kitting creates a more flexible working eamment emphasize more on product and
volume flexibility.

Learning

In the literature, there are mentioned benefitkitting such as lowering the learning curves
for the workers and helping them to overview andearstand a complex product by having
the mental picture in their minds.

Medbo explains that using kitting as learning meansas work instruction is somehow
neglected in the Swedish context. Swedish compamegenerally too much and one-sidedly
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focused on the savings about the space don’t lmvetich efforts when it comes to learning
aspects. In that sense, there are huge differeaorapared to Japanese industry where they
see Kkitting as a tool of improving quality and lgag aspects.

Learning aspects become more important when it sotnesmall and medium size parts
compared to the larger parts where material hagdasimore important.

On the other hand, Friberg argued that their eepeg was workers needed much more
training than before after the implementation dfitkg. Their initial plan in their plant was the
worker should pick the kits circulating from thesasibly but the plan failed. The workers
didn't remember what to pick and where to placatdras due to many changeovers. Finally,
they had to decide fixed kitting personnel to avibieise problems.

All professionals from industry agree that welliriesd workers are essential for good kitting
operations.

Lean Kitting

It is quite straightforward that to be able toifitean philosophies, an activity should support
the organization to eliminate waste, also shouldafng with pull production system
smoothly as well as helping to achieve continumagrovement. Therefore, the general idea
behind lean kitting is to eliminate waste on theeasbly line continuously to make sure
machine downtime due to kitting problems does aqipgen to create a smooth flow.

As mentioned previously, elimination of the wasteat the core of lean philosophies. If
Ohno's list of eight wastes is considered, kittaas be accepted as a gain for:

* Waste of unnecessary movemdntseducing the travelling, searching and extragctin
time of the assembly worker significantly.

» Waste of transportingy supply of a collection of parts instead of indisal.

* Waste of defectsy preventing the system producing defective parts.

However, kitting could be an extra waste for:

* Waste of waitindy different speed of the workers caused waitingetin the kitting
corridors as in Volvo Cars case.
* Waste of over processity too much material handling.

Kitting shows features to support the foundatiarcks and walls of lean philosophies such as
stability, standardization, JIT, jidoka and invatvent.

Stability as the one of the foundation blocks anlgphilosophies requires 5S which starts
with visual management and aims to create a battércleaner workplace. Kitting supports
stability perfectly by creating free space aroumelassembly line and increasing visibility.

Also as a standardized way of doing things, kitsngports standardization block as well. By
this way, kitting reduces variations and opens & dgar continuous improvement. Kitting
shows a good fit to JIT and pull production as l@sgpart-sizes, lot-sizes and kit-sizes are
carefully taken into consideration. Kitting alstsfwith Jidoka as it decreases the number of
wrong pickings and can be considered as a supperror proofing efforts. Kitting should be
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supported by poka-yokes to secure that order piclardone 100% correctly. Finally, kitting
helps involvement by creating workers with mentaltyre of a complex product in their
minds.

Therefore, it can be said that lean kitting is guiesas long as kits are secured so that they are
100% correct in the first place and there is nomredowntime caused by invalid kits.
Additionally, waste should be continuously elimegfrom kitting operations and workers
should be trained well to get involved with the gess.
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6. Conclusions

The answers for the research questions are predeiriethis chapter and followed by
recommendations for further research.

The main reason for kitting was observed as spegeinements in Swedish industry. Most
companies are aware of other benefits such astguaid learning aspects but are not
considering them as their most important reasanitiate kitting activities.

Companies are also hesitant to initiate kittingcsiit is an expensive solution compared to
other solutions. In Japanese context, aspectglidity and learning are the key reasons to
initiate kitting activities. Space is not theirdfirpriority.

The biggest limitation of kitting seems as increaseimber of materials handling and the
uncertainty about the level of kitting. Past expeces made companies more hesitant about
kitting implementations.

Kitting was observed to show numerous benefitslirofafive tracks if applied properly.
Drawbacks of kitting are mostly caused by wronghepared kits, kitting too much or
unnecessary parts.

It is important to include all five of these asgert business cases before the implementation
of kitting, otherwise kitting activities are liketp cause further problems.

According to the analysis, kitting operations canajpng with lean philosophies as long as
kits are secured so that they are 100% correchenfitst place and there is no machine
downtime caused by invalid kits. Additionally, wasthould be continuously eliminated from
kitting operations and workers should be trainedl teeget involved with the processes.

6.1 Further Research
| think further research of kitting in the followgrareas would be beneficial:

» Quantifying kitting with all of its five aspectsie there is a lack of modules to
quantify all aspects and use them in business cases

» Kitting of larger parts since the literature is tip®n small and medium sized parts.

< Elimination of waste from kitting activities sindes a never ending process.
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Saving space in the work
stations, if the materials
were supplied in material
containers, i.e. tote pans,
with numerous identical
components in the same

container, this would have

resulted in an enormous
plant (Bozer & Mc
Ginnis, 1992; Medbo
2003)

Parts could be damaged
lying idle in open

5 packages. (Schwind,
1992; Brynzér, 1995)

Reduced material
handling, instead of
sending single parts, a
collection of parts will
be sent to the assembly
line. (Sellers & Nof,
1986; Ding &
Balakrishnan, 1990;
Medbo 2003)

The assembly areas
could become more
flexible and free from
leftover components.
(Schwind, 1992;
Brynzér, 1995)

Kits are easier to learn
for assembly workers
which lead seasier
training (lower learning
curves) and also reduce
the training cost. (Ding
& Balakrishnan, 1990;
Medbo 2003)

Savings in manufacturing
space and a better
organized shop floor.
(Bozer & Mc Ginnis,
1992; Medbo, 2003)

Safer use of component
that are similar in
appearance. (Schwind,
1992; Brynzér, 1995)

5 The elimination of
searching time, since all
parts are in a single kit.
Therefore, increased
productivity. (Ding &
Balakrishnan, 1990;
Medbo, 2003)

Improved control over
and better visibility of
the flow of components
on the shop floor. As a
consequence part
availability will also
better besides product
changeover can be easi
accomplished. (Conradé&
Pucanic, 1986; Sellers &
Nof, 1986, Bozer & Mc
Ginnis, 1992; Medbo,
2003)

Using the materials as
work instruction.
(Medbo, 2003)

Inventory costs could be
reduced due to integrated
storage and assembly.
(Sellers & Nof, 1986;
Schwind, 1992, Brynzér,
1995)

Components can be
presented in sequential
or assembly order in
special packages that
ensure correct assembly
(Schwind, 1992;
Brynzér, 1995)

Better control over WIP,
the parts of existing kits
provide immediate
information regarding

. the WIP level, since eac
kit consists of a
predetermined quantity
of parts. (Ding &
Balakrishnan, 1990)

It could be ensured that
all components are
available prior to
scheduling work.

h (Schwind, 1992;
Brynzér, 1995)

Complex products can
be overviewed and be
understood. (Medbo,
2003)

Kitting ensures that the
latest bill of material is
used. (Schwind, 1992;
Brynzér, 1995)

Control of the number of
components to store,
replenishment, and the
numerous design chang
orders will be less
complicated to
administer and handle.
(Medbo, 2003)

Less work-in-process at
the work stations, and
consequently shorter

e lead times. (Medbo,
2003)

High value components
can be secured in kitting
package. (Schwind,
1992; Brynzér, 1995)

When kits are
standardized, this offers
an opportunity to
implement robotic
handling. (Boldrin, 1982
Bozer & Mc Ginnis,
1992)

Early identification of
low quality components.
(Sellers & Nof, 1986;
Bozer & Mc Ginnis,
1992; Medbo, 2003)

It would be easy to
notice if a component is
missing, given that the
kit package is properly
designed. (Schwind,
1992; Brynzér, 1995)

There will be less
damage during the
transportation process.
(Bozer & Mc Ginnis,
1992; Medbo, 2003)
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Kitting is likely to
increase in storage space
requirement, especially
when kits are prepared in
advance. (Bozer &
McGinnis, 1992)

An increased number of
handling occasions
increases the probability,
of damaging the
components, therefore
not all components are
suitable for kitting.
(Johansson & Johansson
2006)

Preparing the kits
requires some time and
effort which is a non
value adding activity,
waste. (Bozer &
McGinnis, 1992)

Temporary shortage of
parts will decrease the
overall efficiency of
kitting. (Bozer &
McGinnis, 1992)

When different kits
contain common parts,
an assignment of
available parts to kits
needs to be done. (Boze
& McGinnis, 1992)

=

Spare parts might be
needed at the assembly
line in the case that a
part in the kit is wrong ol
defected, otherwise the
production will be
disrupted. (Bozer &
McGinnis, 1992)

Components that may
even fail during the
assembly process will
require special
consideration or
exceptions. (Bozer &
McGinnis, 1992)

If parts shortages
develop, some kits may
get cannibalized. That is
short parts may be
removed from some of
the existing kits. This
may further complicate
the shortage and it may
lead to problems in parts
accountability. (Bozer &
McGinnis, 1992)
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