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USING THE EXTENDED VALUE STREAM MAPPING TOOL IN LEA N SIX
SIGMA METHODOLOGIES FOR LEAN SUPPLY CHAINS

ABSTRACT

Various tools and techniques have been deedltp improve the flows of value
streams in manufacturing facilities. But the efifieeess of lean implementation is
usually constrained by business partners. Suppéinchmanagement focuses on
cutting overall costs. For shorter lead times, lowests, and higher levels of
customer satisfaction in the whole supply chaimlél@ws need to be created
throughout the supply chain.

This study presents the implementation of fiecteve lean tool: extended value
stream mapping in the methodology of DMAIC the L&ir Sigma framework in
order to achive the lean supply chain of overalugastream from raw material
suppliers to the end customers. A case study & @lssented for total lead time
reduction and on time delivery increase of a prodamily using the extended value

stream mapping to apply lean tools.

Keywords: Extended Value Stream Mapping, Lean Productidr, SS§gma, Lean
Supply Chain.



YALIN TEDAR iK ZINCIRINE ULASMADA ALTI S iGMA
METEDOLOJ iSINDEN YARARLANARAK GEN iSLETiLM iS DEGER
AKI S HARITASININ UYGULANMASI

oz

Isletmelerde dger aksini iyilestirmek icinsimdiye kadar pek ¢ok farkl teknikten
yararlaniimgtir. Yalin Uretim uygulamasi bu tekniklerden biridiyalin Gretim
uygulamalari gletmenin Uretim sinirlari icinde oldukcasballl sonuclar elde eder
iken, asil genel hedefin yakalanmasinda zaman zagieame partnerlerinin bir kisit
teskil ettigi gorilmektedir. Tedarik zinciri yonetiminin odaloktasinin gletmenin
toplam maliyetlerinde iyilgirme salamak oldgu disinuldiginde, kisa teslimat
sureleri, dguk maliyetler, yuksek miferi memnuniyeti gibi hedeflere ylaak icin

yalin akgl tim tedarik zinciri icerisinde uygulama gerellilkacinilmaz olmaktadir.

Bu calgmada bir yalin Gretim tekgi olan ‘gengletiimis deser akg haritasr’
kullaniimistir. Uygulama adimlarini belirleme ve ¢dzime yaktada Alti Sigmada
bir problem ¢cézme tekpi olan DMAIC metodolojsinden yararlanilghir. Yalin bir
tedarik zinciri yapisi kurabilmek icin hammaddearginden balanarak bitmg trin
elde edene kadarki tum surecler detayh olaraklemreistir. Gengletilmis deser aks
haritas! kullanilarak toplam rin teslimat suresiarzaltildgl ve migteri sevkiyat

kalitesinin iyilestirili gi bir 6rnek uygulamaya da yer verilgtir.

Anahtar sozciikler: Genkletiimis Deser Akis Haritasi, Yalin Uretim, Alti Sigma,

Yalin Tedarik Zinciri.
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CHAPTER ONE

INTRODUCTION

1.1 Statement of the Problem

“Marketing is too important to be left to the maiikg department.” is a quote
from a CEO which Douglas M. Lambert Martha C. Caaoperessed in their ‘Issues
in Supply Chain Management’ article. Everybody @ tcompany should have a
customer focus. The marketing concept does notyapmt to the marketing
department. It is everybody’s responsibility todsmn serving the customer’s needs
(Lambert M.&Cooper C.,2000).

It has been expressed in the ‘Competetive Advahtagévichael E.Porter that
satisfying customer needs is at the core of sudoebasiness endeavor. Satisfying
customer needs may be a prerequisite for industfitability, but in itself is not
sufficient. The crucial question in determining falbility is whether firms can
capture the value they create for buyers, or whetiis value is competed away to
others. In ‘Competetive Advantage’ it is the indysstructure determines who
captures the value. The threat of entry determinedikelihood that new firms will
enter an industry and compete away the value, refthgsing it on to buyers in the
form of lower prices or dissipating it by raisirtgetcosts of competing. The power of
suppliers determines the extent to which value teceafor buyers will be
appropriated by suppliers rather than by firmsnnradustry. It determines the extent
to which firms already in an industry will compedevay the value they create for
buyers among themselves, passing it on to buyelmaiar prices or dissipating it in

higher costs of competing (Porter E.,1998).

This exhaustive competition in disputed market dlaksged firms to implement
new strategies to face the new challenges. Theaoinshanges in a shared market is
another factor that can only be handled with amoacplan to not only meet but

exceed the customer needs. Several techniques leare proposed, combined or
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adapted to satisfy the needs of the firms. Effortddeveloping new methodologies
and improving existing ones have been undertakared$garchers all over the world.
At the end the resulting techniques are intendednfigroving the product and for

increasing the process efficiency of an industrgt@gra,2008).

Some of these techniques are:

1.Design for Manufacturability (DFM). This is a rhetlology with a high impact on
manufacturing costs adopted by many organizatiomscrease their profitability.

2.Six Sigma. This is an effective approach for pescimprovement and problem

solving methodologies.

3.Lean manufacturing is a tool adopted by multiptganizations for eliminating

waste and to make products for meeting customelineagents.

4. Value stream mapping (VSM) is a lean manufactutaol to identify opportunities

of cost reduction by eliminating non value addetivées.

The hybrid approach is incorporated by intégga Lean and Six Sigma strategies
into a more powerful and effective hybrid, addregsmany of the weaknesses and
retaining most of the strengths of each strateggnLSigma combines the variability
reduction tools and techniques from Six Sigma il waste and non-value added
elimination tools and techniques from Lean Manufeng to generate savings to the

bottom-line of an organisation.

In our study we present a case study implémgma Lean Sigma framework in

order to apply extended value stream mapping for &ipply chain.



1.2 Purpose of This Study

The purpose of this study is to achive better tesil the supply chains by
integrating two systems ‘Six Sigma’ and ‘Lean Mautfiring’ using the lean tool
‘the extended value stream mapping'’.

In this study the value stream mapping meik@lected as the lean tool because
it is the main tool used to identify the opportiestfor various lean techniques. And
its main issue is to reduce inventories that arstevfom costumer's point of view.
Also the main advantage of extended value streappmg (eVSM) in lean method

indicates the problems with integration of the camips within the supply chain.

Usually the separate actions are undertaketihdygompanies to implement lean
tools for production systems and external logispicscesses. This situation leads to
minor results or moving the costs between prodactiod logistics processes instead
of reduction. Extended Value Stream Mapping methfmtuses on synchronised
reorganisation of company production system, exgfelogistics processes between

the company and its suppliers as well as suppfeosiuction processes.

Six Sigma is chosen because it uses DMAIC i(ieef Measure, Analyse,
Improve, Control) methodology for problem solvingpish successfully integrates a
set of tools and techniques in a disciplined fashiSix Sigma can also solve
complex cross functional problems where the roatsea of a problem are unknown

and help to reduce undesirable variations in psERS

So the main purpose of this study is to indidhe greater benefits yielded in a
faster way by the use of Lean tools in the Six SigpMAIC (Define, Measure,
Analyse, Improve, Control) methodology. And to whthat the integration of the
two systems can achieve much better results thitheresystem can achieve alone.
While, lean strategies play an important role imelating waste and non-value

added activities across the organisation, Six Sjgitmaugh the use of statistical
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tools and technigues, takes an organisation to naproved level of process

performance and capability.

1.3 Overview of Chapters

The thesis is divided in 5 Chapters. Chapterekents an introduction. In Chapter
2 value stream mapping is described. In Chaptee 2l8o investigate the studies and
methodologes which are established before by ugiagvalue stream method and

extended value stream method for lean supply chains

In Chapter 3 we defined the reason of our oukitogy that we have chosen to
apply extended value stream mapping in the framlewafr DMAIC (Define,
Measure, Analyse, Improve, Control) in the Lean Sigma concept. Lean concept
with lean manufacturing history and six sigma higtare explained. Extended value

stream mapping tool is also described in detalapter 3.

In Chapter 4 a case study is explained inraimleeduce the Total Lead Time by
decrease of work-in-process inventory and to irsgetihe on time delivery of a
specific product group by using the effective toblLean Manufacturing: extended

value stream mapping by the help of DMAIC methodgl

Finally in Chapter 5 conclusion of the studysummarised and future researches

are suggested.



CHAPTER TWO

VALUE STREAM MAPPING

2.1 Value Stream Mapping

Value Stream Mapping (VSM) is a lean visualization tool to identify
opportunities of cost reduction by eliminating non value added activities improving
profitability in a company. With another description VSM is an enterprise
improvement technique to visualize an entire production process, representing
information and material flow, in order to improve the production process by
identifying waste and its sources. This technique visually maps the flow of material
and information from the time that the raw material enters into the production line,
up to the dock yard as the finished product. It uses specific tools to decrease
operating costs, shorten the time to market a new product and to reduce inventory.
Value Stream Mapping (VSM) works on the big picture and not on individual

processes.

The principle of VSM dates back to 1980 when Toyota’s chief engineer Taiichi
Ohno and Shigeo Shingo pioneered the use of waste removal to drive competitive
advantage inside organizations. In recent years, VSM has emerged as the preferred
way to implement lean. This mapping tecnique is used to describe supply chain
networks. It maps not only material flows but also information flows that signal and
control the material flows. The material flow path of the product is traced back from
the final operation in its routing to the storage location for raw material. This visual
representation facilitates the process of lean implementation by helping to identify
the value-added steps in a value stream, and eliminating the non-value added
steps/waste (muda) (Rother and Shook 1999).
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Because VSM is a pencil and paper tool, ttresated using a predefined set of
standardized icons (Rother and Shook, 1999). Thesef standard icons provide a
common language for describing manufacturing preeesThe list of VSM icons
provided by Rother and Shook (1999) fall into thcasegories: Material flow icons,
information flow icons and general icons. In Figré& there are the material flow

icons used in VSM and in Figure 2.2 there are tfieriation flow icons used in
VSM.

ASSCRBI Y il =4z EEF:.
X¥Z Corporation C/0 =30 min.
2 Shifts

MaRUTACTAng outsice £ tene
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r.-1n_n. /\\
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Shipment Safety Stock Inventory
_ max 20 pisnss
Finished —FFQ _— Cf
Goods to Physical
Customer First-In-First-Out PulliWithdrawal
Sequence Flow
PUSH
AITOW

Figure 2.1 Material flow icons
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Kanban Kanban Post
=
Kaizen Operator

Lightening Burst

Figure 2.2 Information flow icons

The goal of lean manufacturing is to minimizaste in terms of non-value-added
activities, such as waiting time, motion time, spttime, and WIP inventory, etc.
Further, waste in a manufacturing environment candbfined as any redundant
application of resources that does not add valuthéoproduct, i.e., activities for
which the customer is not willing to pay. Namelgwf of the manufacturing wastes
are over-production, WIP inventory, finished paitsventory, waiting time,
inappropriate processing, unnecessary motion, pataion, defects, etc. Also,
scrap, unneeded items, old broken tools, and ofesjpds and fixtures are considered
as waste. In a value stream there is a collectia@ll actions (value added as well as
non-value-added) that are required to bring a peb¢ar a group of products that use
the same resources) through the main flows, stpktith raw material and ending
with the customer (Rother and Shook, 1999). Thetierss consider the flow of both
information and materials within the overall supphain. The ultimate goal of VSM
is to identify all types of waste in the value atre and to take steps to try and
eliminate these (Rother and Shook, 1999). Whileasshers have developed a
number of tools to optimize individual operationghin a supply chain, most of

these tools fall short in linking and visualizinget nature of the material and
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information flow throughout the company’s entirgply chain. Taking the value
stream viewpoint means working on the big pictund aot individual processes.
VSM creates a common basis for the production m®céhus facilitating more
thoughtful decisions to improve the value streamc@dnald et al., 2002). To
implement lean principles in any organization, fingt step is to identify the value
stream, i.e., all those activities, both value-agdand non-value-adding, required to
manufacture a product, or to provide a specifiviser to a customer. The numerous

activities performed in any organization can beegatized into the following three
types:

1. Value-adding activities (VAA). These include all tife activities that the
customer acknowledges as valuable, i.e., for whiehs ready to pay. For
example, forging raw material, machining, weldipguring molten metal

into a mold, etc.

2. Non-value-adding activities (NVAA). These includi @ the activities that
the customer considers as nonvaluable, eithemarsufacturing system or in
the service sector. These are pure wastes andreuoinecessary actions that
should be eliminated completely. Some examplehedd are waiting time,

double handling, etc.

3. Necessary but non-value-adding activities (NNVAR)ese include activities
that are necessary under the current operatingitcmms] but are weighted as
nonvaluable by the end user, i.e., the customezsé@liypes of operations are
difficult to remove in the short run and, henceyudd be targeted in the long
run by making major changes in the operating syst@mese include
activities like walking long distances to pick upogls and unpacking vendor

boxes.
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Rother and Shook (1999) delineated a strudtapproach for improving a value
stream. For drawing the value stream map they stgddo compose both current
and future states. To draw the VSM the first stefpichoose a particular product or
product family as the target for improvement. Tlegtrstep is to draw a current state
map that is essentially a snapshot capturing hamgshare currently being done.
This is accomplished while walking along the actu@cess, and provides one with
a basis for analyzing the system and identifyirgweaknesses. The third step in
VSM is to create the future state map, which isctupe of how the system should
look after the inefficiencies in it have been remdvCreating a future state map is
done by answering a set of questions on issuetedeia efficiency, and on technical
implementation related to the use of lean toolss hilap then becomes the basis for
making the necessary changes to the system (AbtkKemdawaz A.&Rajgopal
J.,2007).

In VSM applications generally used key measgnets terms are explained by
Hopp and Spearman (1996) and Rother and Shook (1999

*Throughput (TH)

The average output of a production process pertiamit (e.g. parts per hour).

*Work in Process (WIP)

The inventory between the start and end pointspsbduct routing.

eLead Time (LT)

The total time a customer must wait to receive @dpct after placing an order.
When a scheduling and production system are runaingr below capacity, lead
time and throughput time are the same. When deneandeds the capacity of a
system, there is additional waiting time beforegtet of scheduling and production,

and lead time exceeds throughput time.

*Utilization
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Fraction of time a workstation is not idle for lack parts (If a workstation
increases utilization without making other changesrage WIP and lead time will

increase in a highly nonlinear fashion — bottleneck

2.2 Advantages of Value Stream Mapping

The VSM method allows managers to perceive thempamies from the final
customer perspective. VSM helps the practitionersinderstand how their plants
work at present (the Current State Map) and to pla@ improvements in
approaching 9-12 months (the Future State Map). YB& analysis is usually
performed for plant level from raw materials toigimed goods. It allows identifying
the status of manufacturing system in any planttanplan improvements with use
of lean techniques such as level pull system, daeepflow cells, Single Minute
Exchange of Die (SMED), Total Productive Mainter&(€PM) and others. Usually
the VSM analysis takes a few days. The result Buture State Map drawn by
managers and engineers depicting precisely whig stwmuld be used in what areas
of the plant (Eisler M., Horbal R., Koch T., 2007).

2.3 Value Stream Mapping Applications

In this section recent studies on VSM will ¢gigen. These studies focus on the
research conducted by several authors based aotitent of value stream mapping

and extended value stream mapping.

Yang-Hua Lian, Hendrik Van Landeghem (1998ydlepped two simulation
models for two respective scenarios in the appboa/SM, push and pull (kanban)
systems. They explained the model templates anketheneasurements such as lead
times, throughput rates, value-added ratios. Inr theidy they demonstrated the
effects of lean clearly by the simulation and VSB&cause the implementation of
the recommendations for future state is likely ® lboth expensive and time-

consuming, they developed a simulation model ineord quantify the benefits
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gained from using lean tools and techniques. Byh&p of simulation model they
could consider different lean senarios resultstha future state of VSM. With the
simulation model they could change many paramédeerdifferent key performance

indicators (KPI's).

M. Braglia, G. Carmignani and F. Zammori (2D@8oposed an alternative and
innovative framework for a structured applicatioh MSM to products requiring
nonlinear value streams. Because VSM can be eftdgtused only for productive
systems characterized by linear product routingsthé production process is
complex breaks down, as it fails to map value ste&haracterized by multiple
flows that merge. This typically happens for pragutescribed by a complex Bill of
Material (BOM), manufactured in a job-shop facility their study, their described
framework is based on a recursive procedure anegrates the classic VSM
technique with different tools derived from the mtatturing engineering area. They
use the the Temporized Bill of Material (TBOM) twegute a preliminary analysis to
identify the longer critical production path. Thaprovement process would start
from the critical path that is responsible for thkole lead time of the productive
process. Once the critical path has been idenjifassible improvements are
searched, considering all sharing with secondarthspas further constraints.
Finally, when the main value stream has been ingdpa new path may become the
critical one. Thus, the analysis proceeds iterativatil the optimum is reached or
the Work in Process (WIP) level has decreased uthgedesired level. In this way,
the framework makes it possible to explore the alVeproduction process

determining the correct order of the path to beroved.

M. Kumar, J. Antony, R. K. Singh, M. K. Tiwaaind D. Perry (2006) propose a
Lean Sigma framework for the reduction of the detexurring in the final product
(automobile accessories) manufactured by a diergasThey integrate the Lean
tools (value stream mapping and TPM) within SixrsagDMAIC (Define, Measure,
Analyse, Improve, Control) methodology and achivantatic improvements in the
key metrics. In our case study during the thesisiggeethe same method as their Lean

Sigma framework. Our objective is to decreasedhd kime and increase the on time
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delivery performance of a specific product groupusyng the Lean tools within
Six Sigma DMAIC methodology. Similar approach idsn our study too, so we
will give detailled explanations about Kumar andtdmwy’s study in the next

paragraphs.

In their study, the researchers implement theposed framework which shows
dramatic improvement in the key metrics such agaeper unit (DPU), process
capability index, mean and standard deviation astiog density, yield, and overall
equipment effectiveness (OEE) and a substantiah@iral savings. In the study the
authors have described in detail the reasons &ingu_ean Sigma as a continuous
improvement methodology in the case study. They @entified the steps involved
in implementing the proposed framework to identlig root cause of the problem
and propose corrective action to minimise the irhgdcahe problem on customer
satisfaction. At the end of the study the effeaie®s of proposed Lean Sigma

framework was discussed by the authors.

In the study the authors with the team memhake developped the framework
which is seen in the Figure2.3. In their proposeanework, they used lean tools
within the Six Sigma (DMAIC) problem-solving methaldgy to reduce the defects
occurring in the final product. In the first phd3efine: Problem definition; critical
to quality (CTQ) characteristics were identifiedasbd on the voice of customer
(VOC) input. A current state map was developed which gives secltook at the

process so that opportunities for improvement aardentified.
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Steps in define phase

+ Management initiatives

s Problem definition

+ Brainstorming

* Develop big picture map

* Project charter Steps in measure phase
+ Define performance standards
+ Measurement system analysis

DEFINE + Monitoring the process

+ Establish process capability

+ Share the lessons learnt
+ Mistake proofing exercise
+ Sustainability plan

Steps in control phase (
+ Control chart plotting CONTROL @ -\SI.'RE_)

J—
- ANALYSD
¢ ﬂ-lPROMD‘___Q/“-—*_"

Steps in improve phase Steps in analyse phase
Design of experiment * Pareto analysis
Screen potential causes s Select CTQ) characteristics
Discover variable relationships Cause and effect diagram

L]
Establish operating tolerances * Brainstorming
Establishing 5§ system ¢ Identify variation sources
Implementing TPM

Figure 2.3 Proposed framework for lean sigma impletation in the organization.

In the measure phase; the team members aalefzdta of defective product. A
Gauge repeatability and reproducibility (R&R) stuags conducted to identify the
sources of variation in the measurement systemtargketermine whether it was
accurate or not. The Gauge R&R study performedhersystem showed a variation
of 8.01%, which implied that the measurement syst&® acceptable. In the analyse
phase; the researchers applied the Pareto chdyssnto illustrate the percentage
contribution of internal and external defects ie firocess. After conducting several
brainstorming sessions, the team members concltidegroblematic process with
the most important critical quality characteristicthe process as it was related to
many internal defects. To have a clear picture hef process parameters they
constructed the ‘cause and effect’ diagram. Theseand effect diagram indicated

the the most important process parameters thattdffe process.

In the improve phaséhe team carried out a designed experiment to iigethie
significant process parameters affecting the psacés the end of the study the

optimum process parameters were identified. Alssy tecided to implement 5S



14

system and total productive maintenance (TPM) tabdish a clean environment
within the shop floor and also to reduce the ideetof machine and employees on
the shop floor. In the control phadegecause the main purpose of the Six Sigma
methodology is not only improving the process penfance but also having the
improved results sustained in the long run, statidation of the optimal process
parameters setting were required for the studychHexk that the product is meeting

the desired specification, from time to time, cohtharts were plotted.

By that study the organisation by achieved aisprovements in aforementioned
areas such as:

» The decrease in machine downtime and increase @ dberall plant
effectiveness (OPE) and overall equipment effenegs (OEE).

» Work in process inventory reduction.

» Significant improvements were measured in the kegopmance metrics after
implementation of Lean Sigma methodology. ( Defeet unit (DPU), process

capability index (Cp), mean and standard deviatibnasting density, first time
yield (FTY), and OEE).

Fawaz A. Abdulmaleka, Jayant Rajgopalb (20858d VSM as the main tool to
identify the opportunities for various lean techreq in process sector. The “lean”
approach has been applied more frequently in desarenufacturing than in the
continuous/process sector. So in the study theyribesl a case where lean
principles were adapted for the process sedtbey used a simulation model that
was developed to contrast the “before” and “aftscenarios to indicate reduced
production lead-time and lower work-in-process meey. In their study VSM is

used to identify sources of waste and to iden&gnltools for reducing the waste.

They drew the current state map accordinght dpproach recommended by
Rother and Shook (1999). In creating the idealraustate map they identified lean
manufacturing tools looking at the schedule acrbss entire value stream. To

analyze and evaluate different scenarios for tharéustate map, a full factorial



15

experimental design was planned for the simulatibney used the Arena 5
software. Analysis of variance (ANOVA) was useddomally study the results and
determine the significance and magnitude of alleaf and interactions. The

statistical analysis was done using Minitab.

Lian H.Y. & Landeghem Van H.(2007) used siniola method in VSM because
of VSM'’s limitations such as being time-consumiitg,inability to detail dynamic
behaviour of production processes and to encomplass complexity. They
introduced two new elements to the VSM method.tFitsey described how the
value stream mapping paradigm (VSMP) can be adafutedise in simulation,
introducing specially designed VSM objects. Secpntilased on the VSMP and
these objects, they presented a formal modellinthadeand its related database
structure, that drived a generator which autombyigeelded a simulation model of
the value stream map. In that way, a model genenaging the set of objects and the
model database, could generate simulation model€wfent and Future VSM
scenarios quickly and automatically. Additionaltiley developped algorithms for
converting raw ERP data and information from a V8Mwing into tables of the
structured database. In their study they also e@he formal modelling method to a

real company case.

Lian H.Y. & Landeghem Van H. with their stughyoved benefits for using
simulation models in VSM some of which are ‘simidatas a cost saving tool
before the application of future state maps of VSMie use of a simulation model
can help managers to see the effects before anipiementation: the impact of
layout changes, resource reallocation, etc. onpegformance indicators before and
after Lean transformation and this without huge rapf investments (Van
Landeghem and Debuf 1997, Rahn 2001). Another iasdhat simulation is used
as a training tool in VSM applications: Simulatibas proven to be a powerful
eyeopener (Van Landeghem and Debuf 1997, Van Lamhedl998, McDonald et
al. 2000, 2002; Whitman et al. 2001). Lian H.Y. &rdeghem Van H. with their
study showed faster adoption and less resistanchange from the workforce by

combining simulation with the visual power of Val@&ream Maps. And by the
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integration of standard VSM icons and generatedilsiion models they would

enable non-expert users (e.g. companies) to destoplation models after a few
practice sessions. Through their simulation-basgiVstatic VS maps of Current or
Future States are transformed automatically intoadyic simulation models. The
enhanced information, obtained from the simulatiesults, can provide feedback to
guide continuous improvements and hopefully widdemore enterprises to a Lean

status.

Ajit Kumar Sahoo & N. K. Singh & Ravi Shank&M. K. Tiwari (2007)
describes implementation of lean philosophy in ajifgg company. They aim to
evolve and test several strategies to eliminatetevas the shop floor. In their
research, a systematic approach is suggested ®riniplementation of lean
principles. They described an application of VSNheTpresent and future states of
value stream maps are constructed to improve the@ugtion process by identifying
waste and its sources. Also by using the Taguchéghod of design of experiments
in their study succeeded to minimize the forginfedes produced due to imperfect

operating conditions.

The prime objective in the study was to depeddferent strategies to eliminate
waste by means of work-in progress (WIP), motioneti set-up time, lead time,
defects, etc. considering the economical needfi@fptoblem. The main stratigies
they implemented to reduce the lead time wereollews: 1.Reducing lot size,

2.Reducing set-up time, 3. Reducing process defects

Leonardo Rivera, Hung-da Wan, F. Frank Cher Woo Min Lee, (2007)
studied applying the lean concepts to a supplyrnchitiey integrated supply chain
management and lean thinking to cover both locdl@rerall leanness, which leads
to a truly lean supply chain. And they describdekteénding the value stream map’
as the tool from a lean company to its partnerghvhllows the company to widen
the pursuit for perfection to the whole supply natikv The researchers uses VSM in
order to establish an appropriate performance meamnt system, a graphical

representation of a supply chain, i.e., a VSM. Bggles of VSM used in the study ;
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VSM in the supply chain level (Jones and Womack22Gfhd the factory level
(Rother and Shook 1998). At the supply chain lewedhowed the big picture of the
whole system, including product flows, informatioilows, and time-based
performance metrics. Detailed flows in a facilitgn® also shown in a factory level
VSM. Based on the maps, the problematic areas dmiidentified. In this research
They indicated that the supply chain formed witlgan companies may not be lean
after all, due to lack of cooperation and synchzation among participating

companies.

Marek Eisler, Remigiusz Horbal and Tomasz K007), illustrates the problem
with integration of the companies within the supphyain. They present the new
version of VSM method, focused on synchronised gaoisation of company
production system, external logistics processeswdmt the company and its
suppliers as well as suppliers' production procesEee techniques currently used to
support cooperation between enterprises and theampleteness are demonstrated
and a new extended value stream mapping with tberporation of transportation
route design is introduced.



CHAPTER THREE

METHODOLOGY

3.1 Reason for Lean Six Sigma DMAIC Methodology té\pply Extended Value
Stream Mapping

While Lean streamlines processes and elinsnataste (idle time, machine
downtime, in-process-inventory), reduces overathpltexity, and helps to uncover
the value added activities of a process, Six Sigamasolve complex cross functional
problems where the root causes of a problem areawk and help to reduce

undesirable variations in processes.

The integration of two approaches eliminathe timitations of individual
approach. Six Sigma uses DMAIC methodology for pob solving which
successfully integrates a set of tools and teclesiga a disciplined fashion. So we
decided to use Lean tools in the Six Sigma DMAI€tmodology to yield greater
benefits, and in a faster way.

Lean tools are used within the Six Sigma (DKIAI problem-solving

methodology.

In our study we combine three methods Leanx-Stgma — Extended Value
stream map (eVSM) as the case study methodologiyaude each technique has its
own advantages and they are both have better eftectthe results when applied
together. eVSM is a lean tool, so many lean apjitioa and solution techniques are
used in the extended value stream map (eVSM) aits such as kanban, set-up
time reductions, WIP decrease, Milkruns...etc. Withcawareness of these
techniques eVSM can not find optimum solutionsntB® SM as in our case must be

powered with the other Lean tools in the studies.

18
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We also combined our Lean & eVSM study witlke ®ix Sigma tecnique in
order to set the key performance indicators (KRt@yectly in the beginning of the
problem, which Six Sigma has many tools guidingpgiamblem definition. In the next
steps Six Sigma is again an effective tool for Legpliations to show the way to
focus on next action by the DMAIC methodology. Hlgs by guiding to apply
correct steps at correct time. With Six Sigma’sistiaal tools Lean applications can

easily follow up the results of current and futuatues.

So in our case study we used both of thesethecniques in order to achive
better results in the desired indicators. In thet sections now we describe in detail

for better understanding of three tecniques befueg are applied in the case study.

3.2 History of Lean Manufacturing

During the beginning of the industrial revolutioh 1860 there was a need for
managing machines with huge product outputs. Irb1B&derick Winslow Taylor
proposed that all the work should be broken dowta individual tasks. Henry Ford
began building the model assembly line productrangforming an individual craft
production to mass production. The hallmark ofdystem was standardization. By
the 1930’s with the innovations in marketing andamization at General Motors
brought the Ford’s dominance standardization teeae. During that decade there
was a shift towards the product variety. The intiovain technology kept the
manufacturers competitive. In the 1950’'s computeasl an effect on business
manufacturing processing. In the beginning of 18600seph Orlicky, George Plossl|
and Oliver W. Wight began the development of thstfiMaterial Requirement
Planning (MRP) systems. The search for solutionghéorigid rules mandated by
their MRP systems led to the Lean Manufacturingpnéues. Such techniques are a
compilation of tools used in the past, but theyeMenown as lean manufacturing in
Japan after the end of second world war, when thvas a need to develop a new,
low cost manufacturing process. The pioneers of leanufacturing systems in that

time were Eiji Toyoda, Taiichi Ohno and Shingeo rgjoi of Toyota Motor
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Company. The concept was applied in the U.S. ahél 1990’s because of the
fierce competition between the U.S. and Japanesemalers (Dennis P.
Hobbs,2004).

3.3 Lean ldea

In the United States many major businesses have trgag to adopt ‘Lean
Manufacturing’ in order to remain competitive in arcreasingly global market.
Because in the lean philosophy, "value" is deteealiby the end customer. It means
identifying what the customer is willing to pay fovhat creates "value" for him. The
whole process of producing and delivering a prodslobuld be examined and

optimized from the customer’s point of view.

Womack, Jones, and Roos (1990) defined “Leas’the elimination of muda
(waste) in the book The Machine that Changed tloeldA/

3.4 Lean Manufacturing

Lean manufacturing is an approach that integréhe production of different
tools for eliminating waste and make products foeeting the customer

requirements.

Lean Manufacturing approach focuses on cahkiaton by eliminating nonvalue
added activities. This approach especially origisdtom the Toyota Production
System, has been widely used in many different ufaturing areas with various
techniques and tools such as; just-in-time (JIT§lluar manufacturing, total

productive maintenance, single-minute exchangeesf, ggroduction smoothing.
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In "Lean Thinking" (Womack and Jones 1996),riéak and Jones illustrated
many cases. In many various business cases Widredit cultures and mentalities
(America, Germany, Japan), within several industrimanufacturing tools, cars,
airplanes,...etc.), from a little company with 4p8ople to a big enterprise with
29000 employees, are illustrated with the key pplles of lean philosophy
(Womack and Jones 1996; Rother and Shook 1999):

(1) Definition of the value from the perspectivetioé customer,
(2) Identification of the value streams,

(3) Draw the Flow,

(4) Pull,

(5) Strive to perfection.

Once "value" is defined by the end customer — whatomer is willing to pay for
and what creates “value for him”, we can expldte value stream, being all
activities — both value-added and non-value addédat are currently required to
bring the product from raw material to end prodtatthe customer (Rother and
Shook 1999).

Next, wasteful steps have to be eliminated and ftam be introduced in the
remaining value-added processes. The concept wfiido make parts ideally one
piece at a time from raw materials to finished goadd to move them one by one to
the next workstation with no waiting time in betwe@ull is the notion of producing
at the rate of the demand of the customer. Peofecsi achieved when people within
the organization realize that the continuous imprmognt process of eliminating
waste and reducing mistakes while offering what twstomer actually wants
becomes possible (Womack and Jones 1996; McDohald 2000).

Hines and Rich (1997) proposed a set of sdwets derived from industrial
engineering to support the waste-removal procesgedHand Taylor (2000) defines
Lean Production as a concept based on the Toya@uBiion System, which has

emerged recently as a global approach that integrdifferent tools to focus on
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waste elimination and to manufacture products the¢t a customer’s needs and
expectations in a better way. The main conceptesdnLProduction consists in the
specification of what creates value for the endamsr and in the accomplishment
of this specification with a production system \strg for perfection and
characterized by a strained and levelled flow, eltiby the customer’'s demand. In
technical literature, various authors have defiaeslite of tools and techniques to
implement Lean Production in a structured way. Emi(2000) used the primary
Lean Production support tools to develop a pralcscdution-oriented method to
achieve business goals. The final result consisésframework that unifies technical

and behavioural components of management.

Many ‘Lean tools and methodologies’ have beeglsressed in the literature
before. In (McDonald et al. 2000; Rahn 2001), th# gechnique of only producing
what is required when it is required is used inithproved phases. The results are
less rework and scrap, lower work-in-process, redudead time, increased
throughput rate and higher service level. Othelstaétso explained in the literature
such as standard work (Cudney and Fargher 2001ligk gchangeover (Van
Goubergen and Van Landeghem 2001; 2002), 5S (Heowlemd Larco 2000), etc.
In contrast to the well-defined and rich set ohléaols and methods (Henderson and
Larco 2000), as promoted by the Lean Enterpriséituies, there exist very few
implementation methods. Here in the next paragraghgive some definitions about

the lean tools.

One of the lean tools ‘standart work’ is agse description of each work activity
specifying cycle time, takt time, the work sequerafespecific tasks, and the

minimum inventory of parts on hand needed to conthecactivity.

Pull system is to produce or process an itaiy when the customer needs it and
has requested it. The customer can be internakterreal. A pull system is where
processes are based on customer demand. The cascémpt each process is
manufacturing each component in line with anotheggadtment to build a final part

to the exact expectation of delivery from the costo
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Quick Changeover is a process that allows @opeto reduce the time to
changeover a production process from making onegogroduct to another part or
product. The process to reduce the time elapsad fine last good part A to the first
good part B at the same station or process. Quiekn@eover is also referred to as
SMED or Single Minute Exchange of Die. This quittangeover process must take

less than ten minutes (hence single minute).

5S is five terms beginning with 'S’ utilizexldreate a workplace suited for visual
control and lean production. 'Seiri' means to s#paneeded tools, parts, and
instructions from unneeded materials and to remibree latter. 'Seiton' means to
neatly arrange and identify parts and tools foeesdsuse. 'Seiso’ means to conduct a
cleanup campaign. 'Seiketsu’ means to conduct seiton, and seiso at frequent,
indeed daily, intervals to maintain a workplaceerfect condition. 'Shitsuke' means

to form the habit of always following the first fo8s.

« SORT
Eliminate everything not required for the curremtrky keeping only the bare
essentials.
+ STRAIGHTEN
Arrange items in a way that they are easily visiéid accessible.
+  SHINE
Clean everything and find ways to keep it cleank&laeaning a part of your
everyday work.
+ STANDARDIZE
Create rules by which the first 3 S's are mainthine
+ SUSTAIN
Keep 5S activities from unraveling
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3.5 History of Six Sigma

The roots of Six Sigma can be traced back to thky @adustrial era, during the
eighteenth century in Europe. Carl Frederick Gg4337-1855) introduced it as a
conceptual normal curve metric. The evolution of Sigma took one step ahead
with Walter Shewhart showing how three sigma déwiet from the mean required a
process correction. Later in 1980, Six Sigma gdefnitive form when a Motorola
engineer coined the term Six Sigma for this qualiignagement process. Motorola
not only implemented this system in their organaat but they copyrighted it as
well. The CEO of Motorola became a leader in this systard with his help later a
four stage logical filter became the skeleton & finesent day Six Sigma. The four
stages were known as Measure, Analyze, Improve Gotrol. Later in the Six
Sigma methodolgy the ‘Define’ stage is used asfitst phase and formed the

DMAIC six sigma problem solving approach.

DMAIC is a basic component of the Six Sigmamdology- a way to improve
work processes by eliminating defects. The Six Signethodology is widely used in
many top corporations in the United States and rataine world. It is normally
defined as a set of practices that improve effiyjeand eliminate defects. The
DMAIC process is the heart of Six Sigma. DMAIC msféo a data-driven quality
strategy for improving processes, and is an intggae of the company's Six Sigma
Quality Initiative. DMAIC is an acronym for five farconnected phases: Define,

Measure, Analyze, Improve, and Control.

Define: A segment that defines the problem or oputy for a problem, in a
process or procedure that effects the customegsireenent or specifications. A

hypothesis statement can be used in this usedioitém.

Measure: The act of defining and identifyingykmeasurements and collecting
data, (with quality inspections using in most cas¢stified sampling and a

systematic sampling plan), on the assembles, aadepting a conclusion for a
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guantified evaluation of any given characterisacsl/or level of operation based

on the observed data collected.

Analyze: The action where a processes, praeedar service, details are

examined for process improvement opportunities.

Improve: A segment that defines where solgtiand ideas may be generated and
ruled on. Once a problem has been successfullftiigel) measured, and analyzed

for potential solutions, the results can be evaldiab solve the problem.

Control: Once improvement opportunities hagerbimplemented, by continuing
to measure the process, using SPC, (statisticabpsocontrol), to trace and confirm
the stability of the implemented improvements ahd expected results in the
process. (also see our pages on Statistical Pr&@assol and Range or R-Bar and

mean also known as X-Bar for more details on SR@rabcharts).

3.6 Lean Six Sigma

The last two decades has witnessed an incdgasssure from customers and
competitors for greater value from their purchadeetiver based on quality, faster
delivery, or lower cost (or combination of both) both manufacturing and service
sector (Basu, R.,(2001), (George, M.,2002). This dracouraged many industries to
adopt either Six Sigma (as their process improvérmed problem solving approach)
or Lean Manufacturing (for improving speed to rewpdo customer needs and
overall cost) as part of management strategy toease the market share and
maximise profit. All the large companies such asg/ofa, Danaher Corporation,
General Electric, Motorola, Honeywell, and manyest have achieved dramatic
results by implementing either Lean or Six Sigmathodologies in their
organisation (Harry, M.J.,1998), (Murman,2002), g8ha, U.,2003), (Arnheiter,
E.D. and Maleyeff, J.,2005).
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The core thrust of Lean Production is thawarks synergistically to create a
streamlined, high quality system that producessfiad products at the pace of

customer demand with little or no waste.

Lean strategy brings a set of proven tools etiniques to reduce lead times,
inventories, set up times, equipment downtime,sa@vork and other wastes of the

hidden factory.

The statistically based problem solving metiiogy of Six Sigma delivers data

to drive solutions, delivering dramatic bottom-lirsults.

Each methodology proposes a set of attribttasare prerequisites for effective
implementation of the respective program: top managnt commitment, cultural
change in organisations, good communication dovenhilerarchy, new approaches
to production and to servicing customers and a drigiegree of training and

education of employees (Salzman 2002), (Antony 2003

Companies across the spectrum have found tst effective way to eliminate
the flaws that lead to rework and scrap, and create unified idea of continuous

improvement, is the integration of Lean Manufactgrand Six Sigma (Smith 2003).

While, Lean strategies play an important ialeliminating waste and non-value
added activities across the organisation, Six Sjgitmaugh the use of statistical
tools and techniques, takes an organisation to maproved level of process
performance and capability.

The two methodologies emphasise the unfathtematwvolvement of top
executives and communication with the bottom lioaévelop robust products and
processes in their organisation. Most companiasgusie integrated approach apply
basic Lean tools and techniques at the beginnintpeif program, such as current
state map, basic house keeping using 5S practiaedardised work, etc. After

implementing the above tools and techniques sonstewsaare eliminated from the
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system. Now, the tools and techniques of Six Sigmeused to offer powerful
solutions to chronic problems. The comprehensive agetools, techniques and

principles that can be employed in the integrajgor@ach of Lean and Six Sigma

business strategies is delineated in Figure3.1.
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Figure 3.1 The tools and techniques of lean angigima, (Womack and Jones, 1996)

Figure3.1 is based on the previous works gieeis in Lean and Six Sigma
(Womack and Jones 1996, James-Moore and Gibbonsg, 18&rl 1998, Rother
1998, Breyfogle 1l 1999, Harry and Schroeder 19B#jiliani 2000, Hines and
Taylore 2000, Pyzdek 2000, Antony et al. 2003, SareeHoerl 2003).

The use of the comprehensive set of tools imeed above can help to reduce all
kinds of waste (rework, over production, waiting,atarial, human skills,
transportation and unnecessary movement) from tiganesation (Ohno 1988,
Womack et al. 1990, Shingo 1992, Hines et al. 198&r 1998).

3.7 Extended Value Stream Map (eVSM)
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VSM method is not limited only to a single raéacturing plant. Jones and
Womack (1996), Rother and Shook (1999) suggedirgila SM process on a plant
level and then extend the analysis for supply cHawel. Such analysis should
encompass in the beginning only selected, managgadoit of the whole supply
chain. It is obvious that if eVSM would be usedawalyze OEM and all of its
cooperating companies, the map would be very comatel therefore difficult for
analysis. That is why eVSM teams usually start tawd maps only for limited
fragment of the supply chain. After recognizing jesns and implementing the
solutions for the chosen fragment the team migpeae eVSM analysis for other
suppliers. The eVSM method functions in followingayy the mapping team
members draw a Current State Map, including bottena and information flows,
for selected branch of supply chain, then using l&@ tools and methods they
design the Future State Map. The output of thizgss, beside a Future State Map,
is an implementation plan including the set of ectg that must be put in action
(Eisler M., Horbal R., Koch T., 2007).

3.8 Needs For eVSM in Supply Chains

The eVSM method is a very supportive tool to begipply chain improvement
by implementation of Lean techniques as pull systprst-in-time deliveries and

others.

Lancioni points out that Supply Chain Managetmg and will be the main source
of competitiveness (Lacioni, R. A.,2000). AccorditogLambert and Cooper (2000)
"individual businesses no longer compete as saletgnomous entities, but rather as
supply chains.”. The need of competitiveness is mwparamount importance.
Therefore, companies need to perform no longemds/iduals, they must think
about cooperation with other players in supply ch@ihe source of competitiveness

of supply chain was also pointed out by numeroubaasa (Porter E. Michael,1998).
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Zdzislaw Arlet (2007), managing director of Fiat tAuPoland, claims that

suppliers nowadays must be treated as businesgeparather than just as suppliers.

Numerous manufacturing companies become awofathe waste that exists on
their shop floors and in the offices, especiale@apublication of The Machine that
Changed the World (J.P. Womack, D.T. Jones,1996) kBean Thinking by
Womack and Jones (J.P. Womack, D.T. Jones,1996mp&aies have been
implementing those techniques and nowadays can mEnate significant
achievements. Many companies try to implement ¢a@ kechniques already known
well from literature. In spite of the fact that nagers around the globe are aware of
problems that exist in their plants and even thotigly have some achievements
with solving those problems, supply chains aretrastsparent to everybody involved
in process of product creation. Many problems carfidoind not inside the isolated
facilities but rather within the relations that acdetween cooperating companies.
Managers responsible for supply chains need tajbgped with tools that will help
them to resolve such kinds of problems. Valuable¢how in this matter is eVSM
proposed by Womack and Jones in 2002. (Womack, sldme& Jones, Daniel
T.,2002).

While applying an eVSM, managers of coopegattompanies need to share the
knowledge about their plants and warehouses. Alaoagers of particular plants
should not think that they will not benefit fromettwhole improvement process
(Lacioni, R. A.,2000), (Rother M., Shook J.,1998Yitkowski in "Logistics of
Japanese firms" claims that Western companies feurdSA) are not willing to
cooperate with their business partners to findebbedihd cheaper solutions for their
problems (Rother M., Shook J.,1998). They usuailyus on unit price and quality
level accepted by customers. It is hardly to fianl fules that would allow benefiting
both supplier and costumer from the outputs of ompments made together within
supply chain. It is observed that common efforswbpliers and consumers is mostly
made to improve quality, but the efforts to redtloe waste are rather limited to the

separated actions within the plants.
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So the main advantage of eVSM is this Leathotk indicates the problems

with integration of the companies within the supgihain.

Usually the separate actions are undertaketihdyxompanies to implement lean
tools for production systems and external logisficscesses. This situation leads to
minor results or moving the costs between prodactiod logistics processes instead

of reduction.

eVSM method focuses on synchronised reorgtars of company production
system, external logistics processes between timpaoy and its suppliers as well as
suppliers' production processes. The main issuthefeVSM method is to reduce
inventories that are waste from costumer's poiMi@i. When users of eVSM try to

reduce excessive inventories it is often relateddceased frequency of deliveries.

3.9 Methodology of Using the Extended VSM in Leani$ Sigma Framework

In our study we use the lean tool extendedevatream map. The application of
the tool in the case study for finding the improwegmsolution was done by the help
of Six Sigma problem solving methodology which ialled DMAIC (define,
measure, analyse, improve, control). The main rease follow-up the DMAIC
approach for lean application is because in DMAIE system helps us to take
actions according to a methedology and follow-upexi steps next. This Six Sigma
systematic problem solving approach guides usgptyang right lean and statistical
tools in right phases of the case.

In DMAIC system each phase helps the usesshe the problem in a systematic
way and because it guides which tools to use i edep it is also considered a

methodolody for solution any lean problem.
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Different tools according to the problem sfieations can be used in each
phase. In Define phase, project charter is firsppred. In project charter detailled
definition of the problem is set especially withnmeric values of present situation of
the problem and the numeric values of target thatftiture situtation is expected.
For detailled problem definition in the define pbad the DMAIC other tools can be
used, such as ‘Supplier — Input — Process — Outputustomer” (SIPOC),
stakeholder analysis, Voice of Customer (VOC), ¥oiof Business (VOB),
completion check list, tree diagram. By the helpaafy of the each tools above
critical to qualites (CTQ) of the problem are sethe define phase.

In the Measure phase, data is collected ax@uproblem. Data collection plan is
set, this can be a process chart, a value stregnofrthe process...etc. According to
the problem requirements in the define phase. tksgary Gage R&R anaysis is
applied for validating the measurement system. éa®capability and completion

checlist are other alternatives that are used iasore phase.

In the Analysis phase, potential causes optioblem are organized by using the
datas gathered in the measure phase. Causes #iexvand if necessary hypothesis
tests are done. If the problem is anaysed in tlhegss dimenasion sugh as value
stream maps, the map results of the current stataralysied. For statistical anaysis
desing of experiment can be set.

In the Improvement phase, solutions are géeer&or the improvement solutions
assesing risks and pilotting solutions could bentbuPlanning tools for the
application of improvement solution is used. Actida be applied are derived.

In the Control phase, standardization is distadd with the actions applied in the
improvement phase for the solution. The resultshef CTQ’s are monitored for a
time interval. The results are evaluated and thprawed indicators are tracked

regularly.



CHAPTER FOUR

USING THE EXTENDED VALUE STREAM MAP IN DMAIC
METHODOLOGY FOR TOTAL LEAD TIME REDUCTION

4.1 Overview of Methodology Applied in the Case Stly

In the case study the Six Sigma DMAIC methodglsteps are followed up for

finding Lean solutions by the main tool used exezhdSM.

In Define phase; critical to qualites (CTQ)tbe problem are set according to
Voice of Customer and Voice of Business views. dentify the CTQ’s a “"Tree
diagram” is constructed. For selecting the carmroduct family “Pareto Anaysis”
is applied. Delivery Performance Measurement ie¥egd for last one year by using
the tool Minitab —"Time Series Analysis Graphics”An effective six sigma tool

‘SIPOC’ is also used in the Define phase.

In the Measure phase; “takt time calculatios’applied using the customer order
demands and working period of the company. Cur&tate Maps are drawn for
injection factory processes in detail, operations defined and work-in-process
guantities are set to the current state map. Psdeasl times are calculated for all
operations by using the cycle time and efficienalues of each operation. Work-in
process quantities are converted into work - ilmepss times to sum up the total lead

time.

In the Analysis phase; current state map tesuk compared with the takt time
requirements and needs for e-VSM are defined. Kktended value stream map,
subcontractor processes are defined. Current siapeof the subcontractor is drawn.
And VSM of injection operations and the vendor—sutactor VSM are combined

with the work-in-process quantities in the extendaltie stream map.

32
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In the Improvement phase; extended value streap is used to find the types
of potential wastes. After the wastes are idemtiftee improvement opportunities of
these wastes are clearified. For the improvemelntisno two actions are realized:
Kanban system is constructed with the subcontraatdrthe Milkrun application is

started with the raw material vendor.

In the Control phase; CTQ values of “totalade time”, “inventory
guantities”and “on time delivery” are measureddatracked after the realization of
actions in the future state map .

4.2 Define

4.2.1 Company Background

The manufacturing company considered in this cdsdysis established in
Turkey over 500 employees, in the sector of elek#iectronics industry. It is one
of the leading forging companies in Turkey. Theniity of the company is

protected; however, we shall refer to ghant as ABC.

The organisation is engaged in designing amehufacturing various types of
switches and sockets and the components of swith@sockets especialy used in
houses and industrial plants. The main custometheotompany are any factories
using industrial series such as standard segmeydupts, multi contacts and
combination boxes, also the local and global ranggomers for wiring devices
products with various series of switches and sacketaterproof series and
installation boxes. So the company is producinghmmore for its customers related

in the construction and the building sector.

There are two main manufacturing buildingstie plant, injection and the
assembly production buildings. Serial manufacturiagapplied in the injection

building and the descrete manufacturing is apphetie assembly building.
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The employees work in three shifts per day, eadh eh8 hours, and six days a
week in the injection plant. In the assembly pldra employees work in two shifts

per day, each shift of 8 hours, and six days a weekeet the market demand.

There are also more than one subcontractatsttie company works with, for

interval operations before the assembly of thel fimaduct. Subcontractors work six

days in a week.

4.2.2. Process Overview

Process flow in the company is given in Figure 4.1.

sult?é:?)itt? gcczifn | Suncontracting _|Injection of manuel o Manuel mbl
9 " operations "| assembly parts i y
parts
L Suncontracting N . N . o .
operations »| Quality Control > Packaging » Shipment

Figure 4.1 Flow diagram of the process

The general workflow is as follows: The praasarts in the injection plant by
injecting the raw materials into large injectionahees with high level pressure and
in very high heat conditions for a sufficient duwat In Figure 4.2 there is an
example of manuel automated injection process of ABmpany. The injected parts
which are the semifinished products of the finaddurct are placed into bins to be
stored in the warehouse and stocked till the needhie next process. While some
type of the injection parts are stored for buffethe warehouse to be used in the last

operation during the assemblies, the other typesingction parts goes to
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subcontractors with other supplying materials falofving processes according to
subcontractors production plans prepared by planengineers.

Figure 4.2. Injecton process

In subcontractors diffrent operations areiedrout considering the product type
and the bill of material and the route of the priduAfter the subcontracting
operations the semifinished products from the sntvaotors are arrived to the plants
warehouse and wait for the last assembly operatitim the other type of injection
parts in the assembly plant.

Mostly the last assembly operation is appliethe assembly plant but for some
type of products the assembly process is carriédnothne injection plant according
to materials producability specifications. In Figdr3 there is the picture of manuel
assembly process carried out in the injection plant
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Figure 4.3. Manuel assembly process

In the next step, the assembled productsogihd packaging operation where
they are packed with speacial machines. Both tfeetion plant and the assembly

plant has their own special packaging machines.

Finally, the finished product is stored in tfispatch area of the warehouse from
where it is sent to the customer directly on theesalay it is produced. Customer
orders are taken care of on the basis of first ctrsteserve (FCFS) stock policy.

The company faces with severe pressuredy bxternally and internally to
improve the performance of the long lead times andtime deliveries to the
customers. The management decided to implementdbdosophy to find which
group of product need to be improved in their pssctr achieving better CTQ’s
(critical to quality) in ‘On Time Delivery Measuremts’ (OTDM) and in order to
success this CTQ, to decrease the lead time opribduct group by examining the
problems with the tool of VSM.
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4.2.3 Problem Definition

In order to focus on the process the first necgsaetion is to choose the right
product family. Because any different product fanmtoduced in this company has
its own process flow and should be analysed seggra®o the first critical point

before starting the project is to decide the righbduct familiy to apply the VSM.

For the selection method of the product famityitical to quality (CTQ)
characteristics based on the input of voice ofaust (VOC) are identified. In next

paragraphs there are the explanations of CTQ and pi©cesses.

CTQs (Critical to Quality) are the key measileacharacteristics of a product or
process whose performance standards or specificktigts must be met in order to
satisfy the customer. They align improvement origtesfforts with customer

requirements.

CTQs represent the product or service chatatits that are defined by the
customer (internal or external). They may include tipper and lower specification
limits or any other factors related to the prodocservice. A CTQ usually must be
interpreted from a qualitative customer statementah actionable, quantitative

business specification.

The "voice of the customer® is a process ustd capture the
requirements/feedback from the customer (internmalexternal) to provide the
customers with the best in class service/produetityu This process is all about
being proactive and constantly innovative to captilre changing requirements of

the customers with time.

After a number of brainstorming activities vithany people from different
departments, three important CTQ’s are decidedt &TQ is for the voice of the

customer: the performance measurement of the ‘OmeTDelivery Measurement’
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(OTDM), which shows the service quality of the camp monthly for a specific

product family to the customers.

The second CTQ is ‘Lead Time’ of the produaiiliy, for which customers
expect from the company to meet their orders irharter period than at current

situation.

The third CTQ is decided from the voice of thmisiness as ‘stock
levels&inventory costs’.

The "voice of the business" is the term useddscribe the stated and unstated
needs or requirements of the business/sharehol@bes.voice of the business is
derived from financial information and data. By s#isting the financials, analysts
can identify market weakness, utilization of inwesht capital, research and
development status, and process complexity. Bagedrganizational strategy and
direction, understanding the voice of the busin@ssists in identifying potential
projects to aid in moving the organization clogeit$ goals and objectives.

Because the improvements in the second anithitideCTQ will directly effect the
OTDM, it is decided the first CTQ to be selectioariable for the critical product
family.

In Table4.1 there is the CTQ tree diagram for tbenéd parameters above which
are selected for the problem. In table4.1 Tree @uagis formed with three pillars.
Tree diagram starts with identifying the needs,chiwe defined in our study as ‘On
Time Delivery’ for the need of customer, ‘Lead Tirbecrease’ for the need of
customer and ‘Decrease in the Stock Levels’ forrteed of business. These needs
that comes from customer of business derives thescaalled as ‘drivers’. Drivers
means the sources of the CTQ’s defined. Driverstla@efactors which derive the
CTQ’s. So there is a link between the driver anel @TQ and a link between the

need and driver. The CTQ’s of each drivers arergiuelrable4.1.
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Table 4.1 Tree diagram for CTQ's (visio)

On Time Delivery Make on time delivery On time delivery measurement
(vOC) i JIT (OTDM)

Y

Overall Process Lead Time

Decrease in the Lead Time Decrease lead time of the
(VOC) product family

Subcontractors Process Lead
Time

Semifinished products

»

Decrease in the Stock Levels inventory costs

of the Components > Inventory costs —
(VOB)

Y

Subcontractors inventory costs

Stock Levels

4.2.4 Selecting a Product Family

As it is explained in the previous section OTDMuslwas decided to be the
selection variable for the ctitical product fami§o in order to compare the OTDM
values of each product families, customer ordelgsiftwo years are analysed. First
of all expected delivery dates of customer orderd eealized delivery dates of
customer orders are found. According to the catmrapolicy of OTDM value in
ABC company, the difference between the realizedl expected delivery dates of

customer orders month by month is figured out lghgaroduct family. For example
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in the case there was 100 customer orders of auprddmily expecting to be
delivered in a specific month, and if only 60 afstomer orders are met for that
product family during the month, the OTDM value 80+100=%60 calculated

with the formula:

OTDM = RealizedCustmerOrders- ExpectedCstomerOrdes

OTDM value is calculated by month and by pradtamily with the above
formula. In Table4.2 there are the OTDM valuesaxfteproduct families.

When all the OTDM values for each product fesiare calculated as a result
‘XYZ product family’ is selected to be improved Wwitthe lowest OTDM value
between the other product families of last two gear average. Figure4.4 shows the
OTDM results of different product families with theevest OTDM % value of XYZ

product family.

The aim of this study is to increase the OTHM the chosen XYZ product
family by identifiying the root cause of the profidor long process lead times. In
order to discover the current situation of the OT,D&&t one years on time delivery
performance measurements are calculated and avefagfge OTDM for XYZ

product family is revealed by using the MINITAB.

MINITAB is used for defining the current ratd average OTDM for XYZ
product family. In figure4.5 there is MINITAB | chaof OTDM for XYZ product

family with last one years % values.



Table 4.2 OTDM results of different product fansliey month.
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MONTH
Feb4 Mar |Apr-|May|Jun- Jul-|Aug |Sep{ Oct-| Nov | Dec| Jan4{Feb- Mar|Apr-{May AVEEGE
07 |-07| 07 |-07| 07| O7|-07| O7| O7 |-07|-07| 08 | 08 | -08 | 08 | -08 g
R2TY | 85/89|88|90(93(92(89(91|90(90|87|88|86|94|92|92| 89,75
XYZ |70(100/84|61|61|38|72|67|61|61|88|78|88|87|72|96| 74,00
WTRP | 92|191]192|90/93|/88|89(88|90[93[96[91|91|89|88|90| 90,69
CE32 | 89/80|85|88|88|89|93[94|92|95[94]90[96|93]93|93]| 90,75
KBTO | 91|90]|91]|92|89|86[90|97|95[92|89|/90|88|88|92|90| 90,63
100
80
60 BRZTY
40 B XYZ
20 WTRP
mCE32
W KBTO

Figure 4.4 OTDM results of different product faragiby month
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Time Series Plot of OTDM_2

TUU

100- %

90- 88 8 g7

80- /\z/\\
2 174

70 /10 67

OTDM_2

60 -
50+

40

304

Figure 4.5 Time series of OTDM for XYZ product fdynfor last 1 years % values

As it is shown in the figure4.5 the averagéugaof OTDM for XYZ product
family is 74 per cent for the last year, which me#mat only 74 of 100 orders were
met without delay to the customers. According te tloice of the customer the
OTDM and total lead time targets were set. The igi#20 decrease in the Process
Lead Time of XYZ Product family and increase anabgize the on time delivery
measurements. Also high work-in-process and irorgntosts of stock levels need
to be decreased for lean manufacturing to achiwrativcost reduction and satisfy

the customer needs.

On time delivery performance by month is 74 @gent on average, which means
that only 74 of customer orders can be met duringoath when 100 orders in total
are set, which is (%74 OTDM) is really a low valuéhen considered the

increasingly competetive marketting environments.
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In order to find the bottlenecks and the aurmeal lead time of the process a
value stream map of the current state is drawn. ISkl tool more focused on the
entire value stream of a productive process. Itswag only material flows but also

the information flows that signal and control protion.

In order to create VSM the first step consietshe selection of a one specific
product type as the target for the improvementiaride construction of the ‘Current
State Map’ (CSM) for the selected product familjueastream. In our case, the
specific product type is chosen between the XYa&dpct family by the analysis of

‘Pareto Chart’ for the production quantities oftlase year.

Pareto Chart of XYZ Product Family
500000
- 100
400000
>
& - 80
g
3 300000 A -
(o4 (=
e . [60 8
i) [
S 200000- a
<] - 40
g
o
100000 - 20
oll—1 —|—|—'—'—'—' 0
XYZ Product Family X1 X2 X3 Y1 Y2 Y3 Z1 Other
Production Quantity = 24355449615 38720 34737 27097 21146 12626 21368
Percent 543 11,1 86 7,7 60 47 28 48
Cum % 543 653 739 81,7 87,7 924 95,2 100,0

Figure 4.6 XYZ product family using the pareto as& to create value stream map

After the pareto analysis, it is shown in figi.6 that the product type ‘X1’ has
more than %54 of the produced quantities for tretaruer demands of XYZ product

family for the last year.
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Because product ‘X1’ has the highest producfaemand) quantity it is chosen as
the specific product type whose Value Stream Mdphei drawn as it will represent

more than half of the other product types of the2®foduct Family .

Before starting to draw the detailed currefates map, a lean six sigma tool
‘SIPOC’ (in figure4.7) is used to show the ‘Highvet Road Map’ for the movement
of materials through different processes/facilitiégring manufacturing. In the

SIPOC diagram we can see the whole picture foptbeess of X1 product.

The production process is mainly carried guthe injection plant and in the
subcontractors for X1 product as it can be seahenSIPOC diagram in Figure4.7.
Even the final processes of ‘assembly’ and packgpgire operated in the location of

‘injection plant’.

The manufacturing process starts with subegtitrg operations. After necessary
subcontracting parts are ready then they are tresspinto ABC warehouses from
the subcontractors and then carried into the ilgeqgtlant to be assembled with the
other injection components. After the assembly afpen they are again packaged in

the injection plant and get ready for the dispatch.
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4.3 Measure

4.3.1 Current State Map

In order to have an insight into the curratiagion of the X1 product, a current
state map is developed which gives a closer lodkegorocess so that opportunities

for the improvement can be identified.

In our case, mapping out the activities forptdduct flow with cycle time, down
time, WIP inventory, material movements, and infation flow paths help to
conceptualize the current state of the processities, and, hence, guide us towards

the desired future state.

The first step to draw the Current State VaBieeam Map is the calculation of
Takt Time.

4.3.2 Takt Time Calculation

“Takt time” refers to the rate at which costers are buying products from the
production line; i.e., the unit production rate tthet needed to match customer
requirements. It is calculated by dividing the t@@ailable time per day by the daily

customer demand.

The throughput required for the annealed prislis an average of 12425 pc per

week. Assuming 6 working days per week, the avexdaly requirement is thus

2070 pc per day.

AverageDdy Requirement=12425+6 = 2070
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The manufacturing company continuously runedhshifts per day, which
translates to 1440 working minutes per day, respiagshift is 0.25 hours and the
time for meal breaks 0.5 hours per shift . Theis talculated as the 1305 effective
working minutes per day. So that the takt time Isust approximately;
1305%x 60+ 2070=37.8 seconds.

Working Minutes in a day £3x8x60) — (025x 3x60) — (0.5x 3% 60)
Working Minutes in a day = 1305 minutes

Working Seconds in a dayl8305% 60 = 78300seconds

Takt Time =78300+ 2070= 37.8semnds

There is below the detailed takt time caldalatable:

Table 4.3 Takt time calculation table

DEMAND 12425 pc / week
Working Days 6 days / week
Shifts 3 shifts / day
Working Hours 8 hours / shift
Lunch 0.5 hours / shift
Break 0.25 hours / shift
Working Time 130.5 hours / week
Takt Time Calculation = 1305%60%60+12425

Takt Time 37.8 seconds

Workingtime/Demand
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4.3.3 Drawing the Current State Map

4.3.3.1 Getting Started With Current State Map

Current state value stream mapping is the nstaleding how the shop floor
currently operates. So in order to construct thesgmt state value stream map,

relevant informations are collected by interviewpepple on the shop floor.

First of all data pertinent to the customeatsas quantity to be delivered, delivery
frequency, packaging type are learned. Informatelated to the production line,
such as run time at each work stations, machinendbme for each process,
inventory storage points, inspections, rework loapgle time, set-up time, number
of workers, and operational hours per day are alsibected and documented
properly. To complete the value map, a timelinadded at the bottom of the map
recording the production lead-time and the valugeddtime. Finally the value
stream map for the current state is constructesthasn in Figure4.8.
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Always starting from the customer side as VSM pglicalculated target takt
time value is first applied in to the ‘customerncavhich is on the right top of the

value stream map.

Calculation of takt time is described in detai section 4.2.2. According to
customer demands '37.8 seconds’ of takt time isughdo meet the weekly average
customer demands, which means that any procesatmpeworking with less than
or equal to 37.8 seconds process time it can respfem customer demands without
delay. But any operation time with greater than833econds process time, it is a
candidate for beeing a bottleneck operation andncdrmeet the average customer

demand.

After the takt time is placed onto the customen in the VSM table, production
processes are defined, which are in order: ‘boggction’, ‘seed assembly with
body’, 'quality control test’, ‘OPP ( a type of tosx plastic packaging bags)’,
‘packaging’. The products are then shipped to theicles for customers on a daily
basis. After the intoduction of process names #reyall seperately applied via the
process icons into the value stream map. Beforeidgathe material flow, each

process step is analyised in detail by gatherifayimation for each processes.

The necessary information that will be cokectfor each operation are ‘cycle
time’, ‘efficiency’ and ‘the set-up time’. Below ela process icon cycle time,
efficiency and set-up time are written. Here we adthe definition for these three

terms.

Cycle Time is the average time between completed units "cgraut the end of

the pipe".

Efficiency is a measure of speed and cost. It is the rattbeeffective or useful
output to the total input in any system.
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Set-up time is the time that is spent setting up the fixtwalculating tool

offsets, and performing all the necessary taskprtmluce the first accurate part.

4.3.3.2 Process Time Calculations

For the ‘body injection’operation cycle time abserved as 20 seconds. It is the
machine theoretical run time without taking intonsmleration the operation
flexibility and machine down times, which means tthathout any stop it is
calculated in the shopfloor that in every 20 sesohgiece of material is produced in
the body injection machine. Then the cycle timéady injection operation is set to

as 20 seconds per piece.

The efficiency rate is calculated as 66 pet ¢er body injection operation. This
ratio is calculated by using the datas of last 3ntm® theoretical and realized
production quantities per day. Efficiency is castet as realized production quantity
divided by theoretical production quantity per timkhe difference between the
realized poduction quantity per time and the thicakproduction quantity per time
is because of reasons like operation flexibilitygamine downtime, machine breaks,
raw material shortages..etc. All the data for tesult of 66 per cent efficiency is

related in the appendix.

Setup time for body injection is observed &s rBinutes for body injection
operaion. 30 minutes set-up time is the maching stoe between the last piece of
product that comes from the machine and the firste of correct product that

comes from the machine next run.

Then the real process time is calculated & $€conds via the formula:

Process Time = Cycle time/Efficiency
Process Time 20+ 066 = 30.3semnds
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For other processes, the same formula is egpppb calculate the real process
times. For the ‘seed assembly with body’operatigalec time is observed as 7.58
seconds. The efficiency is calculated as 80 pet. &=lated datas are enclosed in the

appendix. Then the real process time is calculase®l5 seconds.

Process Time = Cycle time/Efficiency.
Process Time =758+ 080= 9.5semnds

The remaining three operatons ‘quality contestt — OPP —packaging ' have the
same cycle time of 1 second and their efficieneies100 per cent, SO process time

of last four operations are 1 second each.

4.3.3.3 Inventory Time Calculations

After drawing the process icons and the infations, material flow is defined by
using the material flow icons. Next step is thertg of work in processes between
the operations.

Work in process (WIP) is the inventory betwdba start and end points of a
product routing. Inventory levels are convertedimnoentory time’ in a VSM map
according to Rother and Shook (1999). There arbtdayels of work in process
inventories which are shown in detailed differepddtions between the operations in
our current state value stream map. Starting froenkteginning of the process ‘the
raw material work in process inventory’ stock quized are counted and written to
the current state map later to be converted interitory times. The inventory time

calculation formula is below:

Inventory Time (minutes)=Work in Process inventquantity x Process Time- 60
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At the end of the formula by dividing the Imery time to 60, it is written in
the current state map in minutes. All of the eiglurk in process inventories are

converted into inventory times in minutes to cadtallthe process lead time .

Inventory times are calculated by convertihg inventory quantities to time
according to the inventories next operation prodas®, which means that for
example if you have 100 pc of WIP (work in proces&ntory on hand) for the next
operation with the process time of '20 secondghefoperation, then you are having
100x 20+60=33.3minutes of inventory.

In the first stock of work in process invertavith the consignment raw material
stock quantities, it is calculated as the averageksof 750 kg raw material. Average
raw material consignment stock is calculated as alkerage of minimum and

maximum of consignment stock quantities that isiearon the inventory.

Average raw material inventory of consignment stdGO0Kg +900kg) + 2= 750kg

When 750 kg of raw material is converted to ‘@f ‘body injection parts’ for the
next operation, the Bill of Material is used. Irethill of material of the product itis
seen that 0.112 kg of raw material is used in otdeproduce 1 piece of body
injecton part. That means the 750 kg raw matesigqual to 6653 pc of body parts,
calculated as= 75(kg +0. 113

So the 6653 pc of inventory ( raw materialdyeto be converted to body parts) is
calculated for inventory times as follows by usthg first operation ‘body injection

process time’:

Inventory Timel=6653% 30.3+ 60 = 3360minutes

The next inventory time is calculated by usiing next work in process inventory,

the kanban stock inventory of min=150 kg raw mateand max=450 kg raw
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material. Because in the next inventory there éskanban stock of raw materials

which is worked with the minimum 150 kg and maximd®0 kg stock on hand
parameters. The average raw material quantitiyalsutated like the formula as
consignment stock, by taking into consideration riiaimum and maximum stock

quantities of kanban parameters.

Average raw material inventory of kanban sto(&tkg + 450kg) + 2 = 300kg

When 300 kg of raw material is converted to ‘gf ‘body injection’ for the next
operation, the Bill of Material is used. That meé#mes 300 kg raw material is equal to

2655 pc of body parts.

So the 2655 pc of inventory ( raw materiadgto be converted to body parts) is
calculated for inventory times as follows by usthg first operation ‘body injection

process time’
Inventory Time2=2655x 30.3+ 60 =1340 minutes
The stock just before the body injection maehis when converted from bill of

material is equal to 736 pc of body injected pditten the inventory time3 is

calculated as follows:
Inventory Time3=36x30.3+60= 372minutes
For the other work in process inventories hiaréigure4.9 in detail the stock

quantities between the operations and the restiitsventory times calculations are

written in minutes into the timeline at the bottofithe map.
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Figure 4.9 WIP quantities in detail.

At the end of the timeline, the cycle timec@culated by the sum of total process
times which are the only value added times anslwritten into the end of timeline.

Process lead time is calculated by summurizimg inventoy times and the

process times in the current state map. As showthemmap, it is 1085076 seconds

when converted into days 12.5 days.

PLT :1,085,076 sec
18,084 min
:301 hrs
12,5 days

CT : 42.8 sec.

Total Process Lead Time =

3360min+1340min+ 372min+ 30.3sec- 129599 min+ 95sec+ 7 min+ 1sec 35min+

1sec+10min+1sec=1085076&ec



56

Total Process Lead Timel©85076= 3600+ 24 =12.5days

But only the summary of the process times20e8 + 9.5+ 1+ 1+ 1+ 1'=42.8
seconds. Which means that in the current state ghdlpe injection plant the total
process lead time is 12.5 days while the real vatlged time is only 42.8 seconds.
The reason is so much work in process inventokgg and it is the result of having
many non value adding activties such as waitingspmponents

missings..etc..between the operations.

4.4 Analyse

4.4.1 Need for eVSM

As it is shown in the current state map of X1 pidda the injection plant, the
target takt time is 37.8 seconds. Target takt timeans that if any operation working
with greater process time than the takt time theile be delays in meeting the
customer orders on time. Because in our case ¥t8nds means that customer
demands one product in every 37.8 seconds, amdaify case working with greater
operation time than the 37.8 then demand wouldbeotmet and the customer is

forced to be waiting.

According to the current state map, procasedi of the injection operations are
not constraints for meeting customer demands becang operation do not have
greater process times than takt time. All the ojana are ‘body injection with 30.3
process time’, ‘subcontracting part assembly with €conds’, and following three
operations with 1 second process times, workin@ sihaller process times than the
takt time. So we must be expressing easily thattlier processes there is not a

bottleneck operation when we consider only the @gedimes of the operations.
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Although any operations in the injection plaat not excess the takt time value
with their process times, when we look at the whmtture and the value of PLT at
the end of the current state map we see thateadltime of X1 product is 12.5 days
including the waiting times of inventories. Thatane although summary of process
times of all operations are 42.8 seconds, the atdivery lead time to the customer
actually realizes in 12.5 days. There is a hugiemihce because of the inventory
times that causes long waitings of inventories tmtks Because of these work in
process inventories the injection plant is not leamough. There are high work in
process inventories between the operations whidilyi increase the total lead time

of the whole process.

As it is seen in the current state map becafighese high inventory rates the
total process time reaches to 12.5 days. But #isot the main reason for not
meeting the customer orders on time, because OTaibk rper month can still be
met by working with these cycle times and efficienfythe operations. Then the
problem must be in the other operations of subectdr parts which effects the
work in process inventories in front of the subcactor assembly operation. 12.5

days lead time is mostly because of the waitingmeries between the operations.

The assembly operation starts only if thereensugh subcontracting parts on
hand. In this case the sencronization of arrivaks of subcontracting parts and the
body injected parts is very crucial for preventstgck quantity on hand. For this
reason body injection operation does not startasntbe necessary subcontracting
parts are ready on hand, otherwise it would caus® tmody injected parts waiting in
front of the assembly operation. So the body imp@ctachine is only dowloaded
when subcontractor parts are ready in front ofntlaghine. Hence this process makes
and forces us to see the whole picture with thesuipacting operations that effects

its parts arrival times to our injection valuesstm mapping.
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Therefore as the next step we draw the value stigaextending the flow to
the vendors of subcontractor processes. In thewiollg chapter there is the value

stream map of subcontractors with the detailedaijmars.

4.4.2 Subcontractor Current State Map

As shown in Figure 4.10 the total lead time of subcontractor is 384 hours
which is equal to 16 days ( with 3 shifts per da§ kours per shift ). 384 hours is
calculated by summary of all the process times tAedinventory times during the

subcontractor processes.

Here in detail each operations process tinmulzion details are explained. Then
we come up with the result of ‘total process tinfettee subcontracting map’ and
adding the inventory times between the operatiors find the 384 hours of

subcontractor total lead time.

The first operation in the subcontractor is fGontrol&Distribution’ process. For
the ‘Control&Distribution’operation cycle time isbeerved as 7.68 seconds. The
cycle time of ‘Control&Distribution’ is set to as68 seconds per piece. The cycle
time definition is given in detail in section 4.3ahile describing the Current State

Map of the injection process.

The efficiency rate is calculated as 80 pert é@ control&distribution operation.
This ratio is calculated by using the datas of Baghonths theoretical and realized
production quantities per shifts. The efficiencyii@on is given in detail in section

4.3.3 while describing the Current State Map ofittpection process.

Then the real process time is calculated @s&conds via the formula:

Process Time = Cycle time/Efficiency
Process Time =768+ 080= 9.6seconds
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For other processes, the same formula is egppgh calculate the real process
times. The next operations are named as ascendieg ¢operationl’, ‘operation2’,

‘operation3d’, ‘operation4’, ‘operation5’, ‘operatié’ and “operation7’.

For the ‘operationl’ cycle time is observed 1& seconds. The efficiency is

calculated as 90 per cent. Then the real processis calculated as 17.78 seconds.

Process Time = Cycle time/Efficiency.
Process Time 26+ 090=17.78semnds

The remaining six operations have the cycteetand efficiencies of '16 seconds
cycle time with 0.90 efficiency rate, 4.26 cyclené with 1 efficiency rate, 28
seconds cycle time with 0.90 efficiency rate, 7 osels cycle time with 0.90
efficiency rate, 15 seconds cycle time with 0.9%cefncy rate and 10 seconds cycle
time with 0.90 efficiency rate’. With these infortiem for each operations, the

process times of each operation is calculated ubmgame formula:

Process Time = Cycle time/Efficiency

Process Time of Operation216+ 090=17.78seconds
Process Time of Operation3426+1= 426semnds
Process Time of Operation428+ 090= 31.1sewmnds
Process Time of Operation57+- 090 = 7.8secmnds
Process Time of Operation615+ 090 =16.6seconds
Process Time of Operation716+ 090=11.1seconds

Total cycle time of the subcontractor procesa® equal to 116 seconds which is

calculated as the summary of the each process:times
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TotalCycldime:
9.6sec+17.78sec+17.78sec+ 426sec+ 31.1secr 7.8sec-16.6secr11.1sec=116sec

Next step is the counting of work in procesdetsween the operations. As
described before work in process (WIP) is the inwgnbetween the start and end
points of a product routing. There are eight leva&flsvork in process inventories
which are shown in detailed different locations westn the operations in our
subcontractor current state value stream map.il®iaftom the beginning of the
process ‘the subcontractor assembly inventory’ kstquantities are counted and
written to the current state map later to be camekinto inventory times.

The inventory time calculation formula is belo

Inventory Time (minutes)= Work in Process inventquantity * Process Time 60

At the end of the formula by dividing the Imeery time to 60, it is written in the
current state map in minutes. All of the eight wark process inventories are
converted into inventory times in minutes to cadtelthe process lead time .

In the first stock of work in process inventavith the subcontractor assembly
inventory, the stock gauntities, it is calculatedthe average stock of 65640 pc of
stock in front of the control&distribution operatioSo the 65640 pc of inventory is
calculated for inventory times as follows by usinfpe first operation

‘control&distribution’ process time:

Inventory Timel=65640x 9.6 + 60 =10502minutes

The next inventory time is calculated by usiihg next work in process inventory,
the 36000 pc of stock waiting in front of the opgemal. So the 36000 pc of
inventory is calculated for inventory times as daols by using the next operation

‘operationl’:
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Inventory Time2=36000x17.78+ 60 =10668 minutes

The inventory time3 is calculated as followsusing the stock of 2868 pc before

the operation2:

Inventory Time3=22868x17.78+ 60 =849 .8minutes

For the other work in process inventories herf®rmulas the inventory times are
calculated:

Inventory Time49889% 426+60= 70minutes
Inventory Time550%31.1+60= 388ninutes
Inventory Time6-890x 7.8+ 60= 1l@minutes
Inventory Time7=20%x16.6+60= 199minutes
Inventory Time84336x11.1+60=247 .2minutes

Total process lead time of the subcontractmcgsses are calculated as the

summary of the inventory times and the processsime

TotalProcessLeadime(PLT):

9.6sect 17.78sec+ 17.78secr 426sec+ 31.1sect 7.8sect 16.6sect 11.1sec- 10502min
+10668min+ 8498 min+ 70min+ 388min+ 116min+199min+ 247.2min = 23.042min
= 384hours=16days
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4.4.3 Extended Value Stream Map

In this part in order to see the whole pictwe combine the value stream maps
that we have already drew both for injection fagtoperations and the vendor of
subcontractor detailled operations. In Figure4Hdrd is the extended value stream

map of the whole picture.

Seeing the whole map will help us to find thgrovement opportunities in the
supply chain not only in the production factory.

As we have seen in the injection current stag®, no operations were greater
than the desired takt time, but still the totalgass lead time was too long to meet

the customer orders on time.

So it is absolutely certain that the ABC @amy can not decrease the total lead
time of X1 product ( so the XYZ product family) Wdut decreasing the inventory
levels in the whole supply chain which actuallyreesing at the current state the

total process lead time.

The extended value stream map in Figure4.1l lvé used to identify the
improvement opportunities in the supply chain.

In Figure4.11 there is the extended valuastrenap inculing all the operations of

both the injection process operations and the subactor operations.

We can see the whole picture in the extendadevstream map for the X1

product starting from raw material to the end psscof shipment.
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4.5 Improve

4.5.1 Types of Wastes I dentified & | mprovement Opportunities

Improvement opportunities in the current state raagpthe circulled in red lines
below the map with the most inventory levels whiek effective in the increasing

parameters of total process time.

4.5.2 Kanban Application with Subcontractor

The first improvement opportunity as clearly shawrthe extended value stream
mapping is the high inventory level kept in froftloe ‘subcontractor part assembly’
operation with 81852 pc on average inventory q@amihich is equal to 12959

minutes.

The top inventory waiting time with 12959 mies equal to 8.9 days makes up
the most of the total lead time of 12.5 days. Thdren we improve this excess
inventory in this part we will expect the total detime to decrease as well according

to the decreasion of parts waiting to be come fsoifmcontractors.

Kanban is the best solution to apply with shidcontractor to manage the flow of

materials in this inventory area.

The Japanese word ‘kanban’ means card, tidigh, or signboard. Kanban
originated from the Toyata producton system asch fir managing the flow of

production and materials in a JIT “pull” produchi process.

In Figure 4.12 we can see the kanban appdicadpportunity in the extended

value stream map for improvement opportunities.
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We will adapt a kanban system for pull productionmake more parts only
when the next process withdraws parts.-in effedirguthe parts from the earlier
process when needed. In our case we will use thiedkaas the pull system in which
work centers signal with a card that they wish tbhdraw parts from feeding
suppliers. In this kanban application we will paie materials from external
suppliers, which is exactly the subcontractor iotar inventory area before the

subcontractor assembly operation.

In the supplier kanban application, the swgplvhich is in this case study the
subcontractor that feeds the material from outsglegquired to provide materials in

the right quantity within a designated lead time.

Kanban quantity is calculated for product A, foe thpplication of the kanban
system between the subcontractor and the injedtiotory. Kanban quantities are
calculated according to Replenishment Pull Systdesr

The replenishment pull system parametersetranghe case study as below: The
parameters are set by the help of “Optimal numloétsvo kinds of kanbans in a JIT
production system” (Ohno K.,Nakashime K.&Kojima j#995) book we
summarised as below:

Demand ( D) : Average daily or weekly consumpifondemand ).
Process Lead Time ( PLT ) : The lead time of thgp8ar to replenish the parts.

Cycle Time Interval : The frequency of parts consdnn production.

Safety Stock : Defines the inventory quantity as buffer for demand deviation,
guality problems and machine breakdowns.
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As it is shown in the takt time calculation the Wigeaverage demand for
product X1 is 12425 pc. Here in Figure 4.13 theeevaeekly demands for last 50

weeks: The weekly demand quantities are attach#étkiappendix of the thesis.

Time Series Plot of Demand
17000+ 16550 16723
16000+ 15420 Lo, 15350
15000
15000 14690 14500
14000 14000 14000 14044 1390(
_ 13780 v A

14000 _ Mo 13750 [ A\ f 1360
T 13000- 800 B0 | 1200 " 12b00
g 120069900 e g 1250050

be0>
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8 13340 11350 11046

11000- 00| fges oo oo 10§00

o030 | 10§50 |
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Figure 4.13 Time series anaysis of average weekiyashd for X1 product.

PLT (process lead time) of the supplier adysea in detail in the extended value

stream map is 16 days which is equal to 2.3 weeks.

Cycle time interval is calculated with therfarla:

CTI = Lotsizex Efficiency+~ Demand

In our case ‘lot size’ is the number of piedhat one container carries for

subcontractor parts, because the ABC company t@edast containers for all types
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of materials and parts that supplied from all vesdand subcontrators. Then each

order sent to subcontractors must be the multiptee container lot size.
For our product X1, the number of pieces tra container includes is 10000 pc
for the subcontractos parts. The efficiency is knoiw our case as %95. The

detailled calculation is attached in the appendixd the average weekly demand is

12425 pc which is equal to 2070 pc daily demanslgbaworking days in a week ).

CT1 =10000x 095+ 2070= 458days

Safety Stock is calculated as the formula below:

Safety Stock o x ServicelLegl x (ProcessLeadime)' 5

In our case fow value of weekly demand we use Minitab tool, theuleis as
follows:

Descriptive Statistics: Demand

Variable Mean StDev
Demand 12425 2009

So we will use 2009 pc standart deviation' fof. Servise level is generally used
in the ABC company for its type of production @s Procsess lead time is 16 days

which is equal to 2.6 weeks for subcontractinggpavterage arrivals.

LS is the on time delivery performance of the sub@ator which is calculated

for the subcontractor as %70,thatfsis 0.7 in the case as well.
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Safety Stock =2009pc/ weekx 2x (2.6week3 0.7

Safety Stock = 7843 pc

For the subcontractor parts of X1 product we cal@d all the necessary
parameters to apply the “kanban minimum” and hken maximum” quantities.
Then our main formula to define the “kanban minimuquantity for X1

subcontracting part” is:

Kanban Minimum Quantity SafetyStdc+ PLT x D

Kanban Minimum Quantity = 7843 pc + 2,6week2425pc

Kanban Minimum Quantity = 40148 pc

Kanban Max. Quantity is calculated as summing u@ Kanban Minimum

Quantity with cycle time interval quantity. Heretie formula we define:

Kanban Maximum Quantity KanbanMinmumQuanti + CTI x D

Kanban Maximum Quantity = 40148 + 4.58de2870pc/day

Kanban Maximum Quantity = 49628 pc

The container size for each kanban box is set @ 2fe, which means there will
be a kanban board in the injection factory in frohthe operation “subcontractor
part assembly”. For minimum kanban quantity 40p48it is rounded to 40000 pc

and 40000 pc / 2500 =16 boxes of minimum kanban igoget. For maximum
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kanban quantity 49628 pc is rounded up to 5000tnpr. Kanban quantity and
50.000 / 2500 = 20 kanban boxes for maximum karoanis set.

After the kanban application between the satreator and the injection factory —
the assembly operation, whenever the assembly tigeraonsumes one box of
subcontractor part an automatic order (which isaablan signal ) arrives to the
subcontractor. And as soon as subcontractor getkahban signal they prepare for
the shipment for the required number of boxes. Sinecontractor always has the
buffer stock of parts ready for shipment enoughféged the minimum kanban

requirements.
The average inventory in front of the ‘subcaator part assembly operation’

after the kanban application is:

AverageWIP =

MinimumKaranQuantiy + (MaximumKabanQuantiy — MinimumKaranQuantiy) /2

AverageWIP = 40000 + ( 50000 — 40000 )/2

AverageWIP = 45000 pc
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4.5.3 Milkrun Application with Raw Material Vendor

In the current state map of extended value streaapping the other
improvement opportunity has been identified with #econd higher inventory time
which was at the beggining of the process but haotiaeable effect on the total lead
time of 12.5 days. It was the raw material stockiciwhhas been observed 3360

minutes effect in lead time with average 750 kg naaterial inventory on hand.

Until the raw material is processed in thedyanjection operation’ it is seen in
the current state map that the same raw materk&lgsas inventory in three different
locations. So all the inventory locations are thedidates for incereasing the non

value added times.

For decreasing the raw material inventoriesimprovement in the supplier
delivery frequencies needed to be applied. Whensueé eVSM try to reduce

excessive inventories it is often related to insesbfrequency of deliveries.

Higher frequency of deliveries results in deratransportation batches, however
it might lead to higher transportation cost. Thidl We the case if the delivery

frequency is increased without redesigning of fpantion routes.

Jonesand Womack(2002) suggest taking advantages of agatighitransportation
with "milk runs". As Baudin M.(1989) claims "a supplier milknris a scheduled
pickup of parts frommultiple suppliers in matching quantities. Milk rudea is
depictedn the Figure 4.15.
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A1

Figure 4.15 The concept of milkrun versus diregstent.

The JIT concept requires frequent deliveries withak amounts of products,
which increases transportation costs dramaticaflyvehicles are dispatched
frequently and half empty every time.

The milkrun is developed to realize JIT delwvithout adding significant cost.
The approach uses “a routing of a supply or defiveghicle to make multiple
pickups or drop-offs at different locations” in tteticle Cooperation of Lean
Enterprises - Techniques used for Lean Supply Cf@sier M., Horbal R., Koch
T.,2007) It is commonly applied within and among lean mantifeing facilities to
facilitate JIT production and can also be impleradnby chain members within a

closer range.

Using the milk run, a mixloading truck pickp and/or drops off goods at every
stop like a city bus, where the loads are carefatiiieduled to maintain leveled
production at every facility. It can reduce invawto facilitate predictable
replenishment lead times, provide better inventasybility, and improve supplier
communication, Baudin(2004). However, the appliigbiis limited when the
demand fluctuates significantly, the quantity is targe for mix-loading, or simply
when the distance is too far to be effective.

In our case study a milkrun application is cuseith 7 vendors of the ABC

company. One of these 7 vendors was chosen thediLigt’s raw material supplier.
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It is chosen with the aim of improving the inventéevels of raw material which

is held in the injection factory.

The application steps of Milkrun project idd»e listed:

1. Vendors to work with Milkrun deliveries are selatte

2.

1.1. Most frequently consumed materials are first selgct

1.2.  Vendors of most frequently consumed materials aefmed.

1.3. Vendors selected with the most frequent materiats this time
arranged according to their geographical locations.

1.4. Vendors in the same location are chosen.

Truck organization is designed.

2.1. Truck capacity for the most frequent vendors in $hene location is
analysed.

2.2.  Truck frequency is decided according to productiemand and lot
sizes.

2.3. The logistic organization company is selected ffock allocation.

2.4. Information with the vendors and the carrying ldgiorganization

truck responsible is organized.

Material scheduling plans are established.

3.1. Fixed milkrun schedules are defined for each malteri

Milkrun truck frequency is set to ‘two time® ia week’. By taking into

consideration average weekly demand of X1 produith wihe Milkrun supply
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frequency average raw material inventory is 705 When it is converted to “pc”

using the bill of material it is nearly 6255 pc.

6255 pc of material is converted into workpiocess time with the following

equation:

Inventory Time =6255x30.3+60=3158min

The average raw material just before the tgacmachine is the same with the
current state which is equal to 736 pc, and theamesraw material inventory in the
warehouse is equal to 5519 pc. It is shown in tla@ m Figure4.16 the inventory
times of raw material after the Milkrun applicatiwith the twice in a week supply

frequency.

The total lead time effect after the Milkruppdication and the inventory levels of
raw material with the Milkrun system adaptationotor process case is shown in the

map in Figure4.16 in the next page.

The total lead time is decreased to 11.2 dey®s the current state 12.5 days.
Then the effect of Milkrun is 1.3 days decreas¢him total lead time by the help of

more frequent shipments which decreases the aveaagmaterial inventory.

In Figure4.16 there is the mlkrun applicati@iue stream map of our case study.
We can see the milkrun effect clearly on the leacktin Figure4.16. The milkrun is
applied with the raw material vendors and it isnsgethe Figure4.16 as the seven

suppliers in bold in the value stream map below:
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4.5.4 Future State Map

After the improvement actions are adapted intoesgssuccsessfully the future
state is started to be drawn. There are two majprawement actions carried on
which is first ‘kanban with the subcontractor veridand the second ‘Milkrun with
raw material vendor’. We have seen the individealits of both applications in the
improvement phase. Now to see the real case ofefigiate we are combining the

two applications in the future state map whichhisven in Figure4.17.

The improvement applications are colored id ne the future state map in
Figure4.17. Total Lead Time in the future stategsal to ‘7.1 days'. It is calculated
by the sum of Inventory Times and process timegeHelow we explain all the
values that compose the total lead time of ‘7.1stday

Inventory times in the future state are calted by using the average inventory
guantities in each inventory kept areas after therovement actions. The first
inventory hold as seen in the future state mapiguré4.17 is the raw material
inventory that is hold in warehouse and in frontlod injection machine. After the
Milkrun applications, the Milkrun truck started tteliver the raw material to the
ABC factory twice in a week by touring the 7 versl@mne of which is the raw
material supplier of the X1 product. Then the qiieast of each Milkrun shipment
for X1 products raw material is decided accordnghw average weekly demand of
X1, so is is observed that the average inventorgaof material is almost equal to
half weeks demand quantity. After the Kanban apgiben with the subcontractor the
average inventory of subcontractor part is 45000vpech is shown in the future

state map in Figure4.17.

Total Inventory Times 2787+ 372+ 7125+ 7 +35+10=10336min
Total Process Times38.3+95+1+1+1=428 sec

As a result when we sum the inventory timesd athe process times,

10336x60+42.8 = 6202028sec=10.33min =1722hrs = 7.1days
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4.6 Control

4.6.1 Results

The future state results for the critical to qualitdicators which are ‘total lead
time’, ‘inventory’ and ‘on time delivery performagcare compared with the

previous current state.

Table4.4 shows the lead time reduction witle teperate effects of each
improvement solutions and the total lead time éffefcboth two improvement
actions together which makes the future statet Asdlearly seen in the Table 4.4
from 12.5 days we reach the 7.1 days of lead tigneding the effective lean tool
extended value stream map in the methodology ofsgjgma DMAIC problem

solving approach.

Table 4.4 Lead time reduction

Before After After After
(Current State) Milkrun Kanban Kanban+Milkrun
Total Lead Time (days) 12,5 11,2 8,5 7,1
Lead Time Reduction (%) 10,4% 32,0% 43,2%

Table4.5 shows the inventory reduction in ‘path the seperate effects of each
improvement solutions and the total inventory dffet both two improvement
actions together which makes the future state. Asexult 42.8 percent of
inventories are decreased in the future state caedpaith the previous state. It is
an important indicator for the companies especiéliyre factory does not have
enough space to allocate the large amount of iovieston hand. That means the

physical inventory reduction also brings in the pamy free space for location.
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Table 4.5 Inventory reduction

Before After After After

(Current State) Milkrun Kanban Kanban+Milkrun
Total Inventory (pc) 95014 91227 58162 54375
Inventory Reduction (%) 4,0% 38,8% 42,8%

On time delivery performance is increased td®%on average in the first 7
months observed after the improvements. The valfiservice rate performance

results are shown in the MINITAB grapic of Figurd&.

Time Series Plot of OTDM_2
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Figure 4.18 OTDM average after the improvements
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CHAPTER FIVE

CONCLUSION

5.1 Conclusion and Future Research

This study introduces the usage of an effeckkan tool ‘extended value stream
mapping’ in the DMAIC problem solving approach ix sigma methodology.
Lean and the six sigma concepts are combined tbtfia optimum solutions for

the problems by using the proper tools of each otsilogy.

The literature of lean idea is explained ia study. Value stream mapping which
is a lean tool is described in detail and its aygtion areas are referenced in some
article examples. The necessities to enhance thee v&ream map with the
suppliers which results in the usage of extendédevstream map are explained.
A case study is also presented with the resultstaf lead time reduction and on
time delivery increase of a product family using tbxtended value stream
mapping tool. In the case study it is obviously whathat with a systematic
problem solving approach such as DMAIC used in tase study, the most
important points that must be focused on in a gobtan easily be detected. The
effectiveness of extended value stream mappingsantiicated with its complete
feature that sees the whole picture of processengt from raw material supplier

to the end customer.

Significant improvements are observed in thigical to quality indicators such as
lead time, on time delivery measurements and imrgntquantities after

implementation of the extended value stream map@Thcreased to %97 from
%74 after the improvement actions. %42.8 total mery reduction is observed.
%43.2 lead time reduction is provided. Collabomatwith the suppliers showed

improvements also in the main companies key pedoga indicators.



83

The study also indicated a successful impleatem of intagrated framework
for Lean and Six Sigma approaches. The integratfidhese two systems showed
greater benefits yielded in a faster way and addemuch better results than

either system can achieve alone.

For future research we propose to use the latmoa method in the
implemantation of extended value stream mapping.tigy help of simulation
technique different parameters such as cycle timéh@ operations, inventory
values, kanban quantities..etc can be changeceataime time and the effects of
each change could be seen and compared immediatedynative future states
can be drawn in a short time easily with the simoitatool. Also with high
variety types of products simulation tegnique caralsupporting tool for drawing
the current and future states of more than onestyifeproducts in a noticably

short time rather than as traditional ‘paper amcpeVSM tegnique.
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APPENDIX

The efficiency calculation table for body injection

DAY OPERATION NAME gbﬁwﬁa SSQII:II'%FI'I\D( EFFICIENCY
01.01.2008 | Body Injection Operation 7120 6.580 92%
02.01.2008 | Body Injection Operation 544 330 61%
03.01.2008 | Body Injection Operation 9600 6.600 69%
04.01.2008 | Body Injection Operation 7533 4.395 58%
05.01.2008 | Body Injection Operation 1160 340 29%
06.01.2008 | Body Injection Operation 6000 4.340 72%
07.01.2008 | Body Injection Operation 5440 4.142 76%
08.01.2008 | Body Injection Operation 5090 4.080 80%
09.01.2008 | Body Injection Operation 12816 5.718 45%
10.01.2008 | Body Injection Operation 9760 4.567 47%
11.01.2008 | Body Injection Operation 9760 9.765 100%
12.01.2008 | Body Injection Operation 1149 800 70%
13.01.2008 | Body Injection Operation 1560 1.200 77%
14.01.2008 | Body Injection Operation 520 452 87%
15.01.2008 | Body Injection Operation 1200 952 79%
16.01.2008 | Body Injection Operation 24192 17.412 72%
17.01.2008 | Body Injection Operation 776 600 77%
18.01.2008 | Body Injection Operation 3909 3.123 80%
19.01.2008 | Body Injection Operation 78720 43.956 56%
20.01.2008 | Body Injection Operation 6339 3.738 59%
21.01.2008 |Body Injection Operation 12508 6.754 54%
22.01.2008 | Body Injection Operation 14700 3.456 24%
23.01.2008 | Body Injection Operation 33764 21.700 64%
24.01.2008 | Body Injection Operation 21360 3.658 17%
25.01.2008 | Body Injection Operation 3720 2.564 69%
26.01.2008 | Body Injection Operation 1380 322 23%
27.01.2008 |Body Injection Operation 1090 670 61%
28.01.2008 | Body Injection Operation 373 170 46%
29.01.2008 | Body Injection Operation 23 16 69%
30.01.2008 | Body Injection Operation 8057 5.098 63%
31.01.2008 | Body Injection Operation 263 147 56%
01.02.2008 | Body Injection Operation 503 482 96%
02.02.2008 | Body Injection Operation 1563 880 56%
03.02.2008 | Body Injection Operation 1246 1.064 85%
04.02.2008 | Body Injection Operation 112 86 77%
05.02.2008 | Body Injection Operation 720 200 28%
06.02.2008 | Body Injection Operation 630 500 79%




07.02.2008 | Body Injection Operation 1440 1.050 73%
08.02.2008 | Body Injection Operation 9600 9.000 94%
09.02.2008 | Body Injection Operation 1644 1.000 61%
10.02.2008 | Body Injection Operation 1580 1.380 87%
11.02.2008 | Body Injection Operation 37080 35.000 94%
12.02.2008 | Body Injection Operation 10640 6.450 61%
13.02.2008 | Body Injection Operation 1560 1.200 77%
14.02.2008 | Body Injection Operation 1200 952 79%
15.02.2008 | Body Injection Operation 215423 121.624 56%
16.02.2008 | Body Injection Operation 720 611 85%
17.02.2008 | Body Injection Operation 1246 398 32%
18.02.2008 | Body Injection Operation 520 452 87%
19.02.2008 | Body Injection Operation 1580 1.380 87%
20.02.2008 | Body Injection Operation 7120 6.580 92%
21.02.2008 |Body Injection Operation 503 300 60%
22.02.2008 |Body Injection Operation 1160 456 39%
23.02.2008 | Body Injection Operation 630 400 63%
24.02.2008 |Body Injection Operation 1149 500 44%
25.02.2008 | Body Injection Operation 1644 1.400 85%
26.02.2008 | Body Injection Operation 23 16 69%
27.02.2008 | Body Injection Operation 24192 17.412 72%
28.02.2008 | Body Injection Operation 6000 4.340 72%
29.02.2008 | Body Injection Operation 1440 1.050 73%
01.03.2008 | Body Injection Operation 112 86 77%
02.03.2008 | Body Injection Operation 1560 1.200 77%
03.03.2008 | Body Injection Operation 12816 5.718 45%
04.03.2008 | Body Injection Operation 373 170 46%
05.03.2008 | Body Injection Operation 78720 43.956 56%
06.03.2008 | Body Injection Operation 263 147 56%
07.03.2008 | Body Injection Operation 1563 880 56%
08.03.2008 | Body Injection Operation 7533 4.395 58%
09.03.2008 | Body Injection Operation 10640 6.450 61%
10.03.2008 | Body Injection Operation 544 330 61%
11.03.2008 | Body Injection Operation 33764 21.700 64%
12.03.2008 | Body Injection Operation 9600 6.600 69%
13.03.2008 | Body Injection Operation 3720 2.564 69%
14.03.2008 | Body Injection Operation 23 16 69%
15.03.2008 | Body Injection Operation 24192 17.412 72%
16.03.2008 | Body Injection Operation 6000 4.340 72%
17.03.2008 | Body Injection Operation 1440 1.050 73%
18.03.2008 | Body Injection Operation 7533 4.395 58%
19.03.2008 | Body Injection Operation 10640 6.450 61%
20.03.2008 | Body Injection Operation 544 330 61%
21.03.2008 |Body Injection Operation 33764 21.700 64%
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22.03.2008 | Body Injection Operation 9600 6.600 69%
23.03.2008 | Body Injection Operation 3720 2.564 69%
24.03.2008 | Body Injection Operation 23 16 69%
25.03.2008 | Body Injection Operation 24192 17.412 72%
26.03.2008 | Body Injection Operation 6000 4.340 72%
27.03.2008 | Body Injection Operation 1440 1.050 73%
28.03.2008 | Body Injection Operation 112 86 77%
29.03.2008 | Body Injection Operation 1560 1.200 77%
30.03.2008 | Body Injection Operation 1200 952 79%
31.03.2008 | Body Injection Operation 9600 6.600 69%
EFFICIENCY
Average 66%
The efficiency rate of seed assembly with body opation
DAY OPERATION NAME gbﬁwﬁ% gﬁﬁh’%ﬁg EFFICIENCY
01.01.2008 |Seed Assembly with Body 6408 4.000 62%
02.01.2008 |Seed Assembly with Body 6408 5.678 89%
03.01.2008 |Seed Assembly with Body 23040 23.000 100%
04.01.2008 |Seed Assembly with Body 10560 8.900 84%
05.01.2008 |Seed Assembly with Body 280 134 48%
06.01.2008 |Seed Assembly with Body 2160 1.720 80%
07.01.2008 |Seed Assembly with Body 82800 61.080 74%
08.01.2008 |Seed Assembly with Body 6480 6.796 105%
09.01.2008 |Seed Assembly with Body 19752 5.300 27%
10.01.2008 |Seed Assembly with Body 13824 9.728 70%
11.01.2008 |Seed Assembly with Body 7848 6.054 77%
12.01.2008 |Seed Assembly with Body 72960 48.375 66%
13.01.2008 |Seed Assembly with Body 18000 4.532 25%
14.01.2008 |Seed Assembly with Body 12240 12.593 103%
15.01.2008 |Seed Assembly with Body 7618 7.794 102%
16.01.2008 |Seed Assembly with Body 46080 48.520 105%
17.01.2008 |Seed Assembly with Body 69120 77.640 112%
18.01.2008 |Seed Assembly with Body 26184 13.944 53%
19.01.2008 |Seed Assembly with Body 2088 2.008 96%
20.01.2008 |Seed Assembly with Body 552 300 54%
21.01.2008 |Seed Assembly with Body 10800 9.800 91%
22.01.2008 |Seed Assembly with Body 1488 1.104 74%
23.01.2008 |Seed Assembly with Body 43200 48.840 113%
24.01.2008 |Seed Assembly with Body 46080 43.000 93%
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25.01.2008 |Seed Assembly with Body 6912 5.643 82%
26.01.2008 |Seed Assembly with Body 17900 12.866 72%
27.01.2008 |Seed Assembly with Body 7848 6.878 88%
28.01.2008 |Seed Assembly with Body 184320 128.925 70%
29.01.2008 |Seed Assembly with Body 46080 52.125 113%
30.01.2008 |Seed Assembly with Body 66960 80.460 120%
31.01.2008 |Seed Assembly with Body 26184 24.000 92%
01.02.2008 |Seed Assembly with Body 1368 890 65%
02.02.2008 |Seed Assembly with Body 5760 1312 23%
03.02.2008 |Seed Assembly with Body 3600 2.280 63%
04.02.2008 |Seed Assembly with Body 3296 2.280 69%
05.02.2008 | Seed Assembly with Body 43200 51.160 118%
06.02.2008 |Seed Assembly with Body 46080 45.000 98%
07.02.2008 |Seed Assembly with Body 7680 7.500 98%
08.02.2008 |Seed Assembly with Body 17900 16.990 95%
09.02.2008 | Seed Assembly with Body 7848 6.738 86%
10.02.2008 |Seed Assembly with Body 184320 141.600 77%
11.02.2008 |Seed Assembly with Body 46080 50.895 110%
12.02.2008 |Seed Assembly with Body 3728 3.200 86%
13.02.2008 | Seed Assembly with Body 62640 35.421 57%
14.02.2008 |Seed Assembly with Body 696 332 48%
15.02.2008 |Seed Assembly with Body 43200 40.216 93%
16.02.2008 |Seed Assembly with Body 12960 13.616 105%
17.02.2008 |Seed Assembly with Body 2160 1.720 80%
18.02.2008 |Seed Assembly with Body 82800 61.080 74%
19.02.2008 |Seed Assembly with Body 6480 6.796 105%
20.02.2008 |Seed Assembly with Body 19752 17.600 89%
21.02.2008 |Seed Assembly with Body 13824 9.728 70%
22.02.2008 |Seed Assembly with Body 7848 6.054 77%
23.02.2008 |Seed Assembly with Body 72960 48.375 66%
24.02.2008 |Seed Assembly with Body 18000 9.087 50%
25.02.2008 |Seed Assembly with Body 12240 12.593 103%
26.02.2008 |Seed Assembly with Body 7618 7.794 102%
27.02.2008 |Seed Assembly with Body 46080 48.520 105%
28.02.2008 |Seed Assembly with Body 69120 77.640 112%
29.02.2008 |Seed Assembly with Body 26184 19.800 76%
01.03.2008 |Seed Assembly with Body 2088 2.000 96%
02.03.2008 |Seed Assembly with Body 8880 4.900 55%
03.03.2008 |Seed Assembly with Body 1905 2.232 117%
04.03.2008 |Seed Assembly with Body 55200 48.600 88%
05.03.2008 |Seed Assembly with Body 7920 2.020 26%
06.03.2008 | Seed Assembly with Body 3280 2.200 67%
07.03.2008 |Seed Assembly with Body 9216 7.905 86%
08.03.2008 | Seed Assembly with Body 2616 1.300 50%

93



09.03.2008 | Seed Assembly with Body 11934 11.900 100%
10.03.2008 | Seed Assembly with Body 10616 9.000 85%
11.03.2008 |Seed Assembly with Body 2043 1.720 84%
12.03.2008 |Seed Assembly with Body 16200 13.026 80%
13.03.2008 |Seed Assembly with Body 2770 1.900 69%
14.03.2008 |Seed Assembly with Body 11520 8.000 69%
15.03.2008 | Seed Assembly with Body 7200 8.040 112%
16.03.2008 |Seed Assembly with Body 92160 83.040 90%
17.03.2008 |Seed Assembly with Body 46080 37.617 82%
18.03.2008 | Seed Assembly with Body 69120 56.745 82%
19.03.2008 | Seed Assembly with Body 26184 24.980 95%
20.03.2008 |Seed Assembly with Body 2088 1.130 54%
21.03.2008 |Seed Assembly with Body 10800 1.752 16%
22.03.2008 |Seed Assembly with Body 69120 53.072 77%
23.03.2008 |Seed Assembly with Body 2770 1.450 52%
24.03.2008 |Seed Assembly with Body 11520 8.000 69%
25.03.2008 |Seed Assembly with Body 7200 8.040 112%
26.03.2008 |Seed Assembly with Body 92160 83.040 90%
27.03.2008 |Seed Assembly with Body 46080 37.617 82%
28.03.2008 |Seed Assembly with Body 69120 34.572 50%
29.03.2008 |Seed Assembly with Body 26184 25.000 95%
30.03.2008 |Seed Assembly with Body 2088 1.130 54%
31.03.2008 |Seed Assembly with Body 16200 13.026 80%
EFFICIENCY
Average 80%
The efficiency rate of control & distribution operation
DAY OPERATION NAME gbﬁmﬁﬁg SEQLN'%*?B EFFICIENCY
01.01.2008 | Control & Distribution 18432 12893 70%
02.01.2008 | Control & Distribution 4608 5213 113%
03.01.2008 | Control & Distribution 6696 8046 120%
04.01.2008 | Control & Distribution 2618 2400 92%
05.01.2008 | Control & Distribution 137 89 65%
06.01.2008 | Control & Distribution 576 131 23%
07.01.2008 | Control & Distribution 360 228 63%
08.01.2008 | Control & Distribution 330 228 69%
09.01.2008 | Control & Distribution 4320 5116 118%
10.01.2008 | Control & Distribution 4608 4500 98%
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11.01.2008 | Control & Distribution 768 750 98%
12.01.2008 | Control & Distribution 1790 1699 95%
13.01.2008 | Control & Distribution 785 674 86%
14.01.2008 | Control & Distribution 18432 14160 77%
15.01.2008 | Control & Distribution 4608 5090 110%
16.01.2008 | Control & Distribution 373 320 86%
17.01.2008 | Control & Distribution 6264 3542 57%
18.01.2008 | Control & Distribution 70 33 48%
19.01.2008 | Control & Distribution 4320 4022 93%
20.01.2008 | Control & Distribution 1296 1362 105%
21.01.2008 | Control & Distribution 216 172 80%
22.01.2008 | Control & Distribution 8280 6108 74%
23.01.2008 | Control & Distribution 648 680 105%
24.01.2008 | Control & Distribution 1975 1760 89%
25.01.2008 | Control & Distribution 641 400 62%
26.01.2008 | Control & Distribution 641 568 89%
27.01.2008 | Control & Distribution 2304 2300 100%
28.01.2008 | Control & Distribution 1056 890 84%
29.01.2008 | Control & Distribution 28 13 48%
30.01.2008 | Control & Distribution 216 172 80%
31.01.2008 | Control & Distribution 8280 6108 74%
01.02.2008 | Control & Distribution 648 680 105%
02.02.2008 | Control & Distribution 1975 530 27%
03.02.2008 | Control & Distribution 1382 973 70%
04.02.2008 | Control & Distribution 785 605 77%
05.02.2008 | Control & Distribution 7296 4838 66%
06.02.2008 | Control & Distribution 1800 453 25%
07.02.2008 | Control & Distribution 1224 1259 103%
08.02.2008 | Control & Distribution 762 779 102%
09.02.2008 | Control & Distribution 4608 4852 105%
10.02.2008 | Control & Distribution 6912 7764 112%
11.02.2008 | Control & Distribution 2618 1394 53%
12.02.2008 | Control & Distribution 209 201 96%
13.02.2008 | Control & Distribution 55 30 54%
14.02.2008 | Control & Distribution 1080 980 91%
15.02.2008 | Control & Distribution 149 110 74%
16.02.2008 | Control & Distribution 4320 4884 113%
17.02.2008 | Control & Distribution 4608 4300 93%
18.02.2008 | Control & Distribution 691 564 82%
19.02.2008 | Control & Distribution 1790 1287 72%
20.02.2008 | Control & Distribution 785 688 88%
21.02.2008 | Control & Distribution 1382 973 70%
22.02.2008 | Control & Distribution 785 605 77%
23.02.2008 | Control & Distribution 7296 4838 66%
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24.02.2008 | Control & Distribution 1800 909 50%
25.02.2008 | Control & Distribution 1224 1259 103%
26.02.2008 | Control & Distribution 762 779 102%
27.02.2008 | Control & Distribution 4608 4852 105%
28.02.2008 | Control & Distribution 6912 7764 112%
29.02.2008 | Control & Distribution 2618 1980 76%
01.03.2008 | Control & Distribution 209 200 96%
02.03.2008 | Control & Distribution 888 490 55%
03.03.2008 | Control & Distribution 191 223 117%
04.03.2008 | Control & Distribution 5520 4860 88%
05.03.2008 | Control & Distribution 792 202 26%
06.03.2008 | Control & Distribution 328 220 67%
07.03.2008 | Control & Distribution 922 791 86%
08.03.2008 | Control & Distribution 262 130 50%
09.03.2008 | Control & Distribution 1193 1190 100%
10.03.2008 | Control & Distribution 1062 900 85%
11.03.2008 | Control & Distribution 204 172 84%
12.03.2008 | Control & Distribution 1620 1303 80%
13.03.2008 | Control & Distribution 277 190 69%
14.03.2008 | Control & Distribution 1152 800 69%
15.03.2008 | Control & Distribution 720 804 112%
16.03.2008 | Control & Distribution 9216 8304 90%
17.03.2008 | Control & Distribution 4608 3762 82%
18.03.2008 | Control & Distribution 6912 5675 82%
19.03.2008 | Control & Distribution 2618 2498 95%
20.03.2008 | Control & Distribution 209 113 54%
21.03.2008 | Control & Distribution 1080 175 16%
22.03.2008 | Control & Distribution 6912 5307 77%
23.03.2008 | Control & Distribution 277 145 52%
24.03.2008 | Control & Distribution 1152 800 69%
25.03.2008 | Control & Distribution 720 804 112%
26.03.2008 | Control & Distribution 9216 8304 90%
27.03.2008 | Control & Distribution 4608 3762 82%
28.03.2008 | Control & Distribution 6912 3457 50%
29.03.2008 | Control & Distribution 2618 2500 95%
30.03.2008 | Control & Distribution 209 113 54%
31.03.2008 | Control & Distribution 1620 1303 80%
EFFICIENCY
Average 80%
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