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Improving order picking and order packaging at Eaton Electric ApS

Management Summary

One of the projects of Eaton Electric is about tiedlicated finished goods warehouse areas:
Tabula export and Tabula domestic. These areas thre own processes and standard
methods for order picking and order packaging; iisampering the flexibility of the areas.
Moreover, Eaton Electric is growing: in 2007 thentwer increased with 20%. Eaton Electric
wants to stay efficient; so growing without addicawsts to the processes. Therefore it is also
important to improve the productivity of the warelse process.

The Value Stream Map is the foundation in this aese by which the current state of the
order picking and packaging process is describedl @ssessed. Through this tool we
identified and quantified the types of waste in tinder picking and packaging process. The
main types of waste are waiting and moving. Theeulythg causes for the waiting times are
too much traffic within the Tabula finished goodarehouse and that there is no physical
separation between the inbound and outbound ddekniovements, in the form of searching
for articles, are caused by the unreliable invgntevels. The inventory count of 2007 shows
that on approximately 59% of the locations, the ami@f articles is not equal to the amount
in the Enterprise Resource Planning.

Based on the findings and the problem analysidutee state Value Stream Map is created
with the objective to eliminate the waste actigtieThese eliminations ensure a higher
productivity in the warehouse. To achieve this @mefd situation we recommend the
following actions:

- Create one packaging area for the Tabula expo#t and the Tabula domestic area.
This increases the flexibility of the area, becaesery warehouse employee is
familiar with the work system. Eaton Electric cdrert control the peak hours in a
better way.

- Separate the flow of the incoming goods and the fd the outgoing goods; create
one inbound dock and one outbound dock to realiziear separation between them.
This avoids conflicting transport flows (conges)iamd therefore waiting times.

- Separate the order picking and order packagingitie. This result in less traffic in
the warehouse and eliminates the possibilitiesraffit jams. In this way Eaton
Electric gains approximately 20 hours per weeksTias a positive influence on the
On Time Performance of Tabula. Moreover, the cyiche of an (average) order will
be reduced (for an average order this means atredunf 25 minutes), because the
waste is eliminated (approx. 24 minutes) and tlaeesworking more employees on
one order. This gives the sales office the posiibib release an order at a later
moment so that there are more order lines, conmmg the production line, available
in the warehouse. This leads to a more streamfioed

- Introduce the concept of cycle counting. Cycle ¢mgnhelps to find the direct source
of the discrepancy between the physical and adtratige inventory. Moreover, it
gives the possibility to adjust the data in thedfmtise Resource Planning. By means
of cycle counting Eaton Electric increases theatelity and accurateness of the
inventory that results in less waste in the fornextra movements. Without a reliable
inventory it is impossible to get an effective argecking and packaging process.
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Before the ‘future’ warehouse area can operataiomimal way it is essential to change the
current layout of the warehouse area, to updateysiem in the barcode scanner, to appoint a
supervisor for the area, and to get the warehougdogyees aware of the changes.
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Preface

During my bachelor study ‘Business Administratiat’ the University of Twente | have
gained a lot of knowledge and skills on several dioisin this field of study. To conclude the
bachelor study | have to apply this knowledge dyrin internship and perform an
assignment. Theutput of the assignment constitutes a clear aactipal solution to some of the
company's questions or concerns.

This report is the result of the internship | hgegformed from 12 May 2008 until 22 August
2008 at Eaton Electric in Vejle (Denmark). Duringist period | have investigated the
possibilities to improve the order picking and argackaging process in the Tabula finished
goods warehouse.

| want to take this opportunity to thank a few p&rs personally who have supported me
during my internship. First of all Menno Visser, mager Operational Excellence of Eaton
Electric. He has given me the opportunity to perf@an assignment in this company. Also he
has guided and supported me very well during mgritghip. | thank Ahmet Turhan, who
follows a traineeship (Engineering Early ProfesaloBevelopment Programme) at Eaton
Electric. It was always possible to exchange mpsdaith him and to discuss with him about
several issues related to my assignment. Also a wbthank to the various people of the
office (R&D department, sales office, the departtmeh Operational Excellence, and the
management team). These people always had alwaywilingness to give an answer on
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1. Introduction

The bachelor assignment is performed at Eaton lide&pS. Section 1.1 gives information
about this company to get more knowledge of EatentEc in general. Section 1.2 describes
the main historical facts of Eaton Electric andt®ecl.3 describes the organization structure.

1.1  Background information

Eaton Electric is a well-known manufacturer of prog within the electric field. The
organisation develops, produces, and markets coemp®rand switchboards for distribution
of low and medium voltage. The company has a laspty (Section 1.2) within the electric
field. The activities are always focused on placthg company in a significant market
position.

Eaton Electric ApS in Vejle is a manufacturer ofmpmnents for the Tabula and Elatis
enclosures. These enclosures are used to builgtieédistribution switchboards. Tabula, the
most important product (see Figure 1.1) in thisaesh, is a very flexible system, allowing
panel builders to build Tabula all over the wofldhe parts are all standardized and currently
sold from the shelf. In addition to the componetatsbuild the enclosures, Eaton Electric
offers a broad range of switches, parts, and acdesso allow the market to build complete
switchboards. The main market is the Original Equept Manufacturer (OEM) in Germany
for Elatis and the domestic market and export faioula.

m——— Figure 1.1  Tabula; the product

Eaton Electric ApS is a make to stock organizatidelivery lead times vary from 2 days

(stock items to replenish customers stock) to 3keder engineered items. All finished parts
are stored in the main warehouse. Based on custorders the employees pick and pack
these parts and get them ready for shipment.
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1.2  The history of Eaton Electric ApS

In 1896 Laur. Knudse is established and in 1964 tompany opened a factory in Vejle.
After a number of takeover purchases and changewfes (in chronological sequence LK
NES, LK A/S, Holec A/S, and DELTA), in 2003 the Arrean company Eaton Corporation
took over the Electrical Division of DELTA. Fromishmoment on the company was called
Eaton Holec A/S and is it a part of the worldwidsdh Corporation.

This last acquisition results to an implementattdra new company philosophy; the Eaton
Business System (EBS). The Eaton Business Syst#dra feundation for a high-performance

culture in all levels of the company. The EatoniBess System converts the power of many
into the power of one Eaton. This signifies encosspay the core values, policies and

processes used to conduct business and continumdgsure, assess and improve
performance. The new philosophy means a differem&isiness culture in comparison with

the origin business culture (the Electrical Divisaf DELTA).

Another important occurrence took place in 2004xtNe the main product Tabula, the
production of Elatis is being moved from Germany#&le. This transfer had a big impact on
the company; there arose a separate factory witienorigin Tabula factory. This led to
changes in the whole company. For instance theragot a total redesign to ensure that the
activities of Elatis can take place.

1.3  Organization Structure

Eaton Electric ApS is located in Vejle (Denmark)dahas in total approximately 135
employees. Eaton Electric has to report their @ms/ and performances to the European
division of Eaton. Appendix B shows the organizatsiructure of Eaton Electric ApS in
Vejle.

The management of the department ‘Operations & dtmgy' is responsible for the activities
that take place in the warehouse. The departmé&ustomer Service' (sales office) and
‘Planning’ are also important in relation with teesarehouse activities. These departments
have to support the different tasks within the \marese.
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2. Problem description

Chapter 1 described the company Eaton Electrics Thapter explains in which way the

investigation is set up. Section 2.1 gives an ifieation of the problem. Section 2.2 explains

the central problem definition. Section 2.3 conddine formulated objective of this research.
Section 2.4 explains the scope of this researcttid®e2.5 explains the research questions
and Section 2.6 discusses the research design.

2.1 Problem identification

The main products of Eaton Electric are Tabula &tatis. The finished parts of these
products are stored in the main warehouse; sashéd goods warehouse. The warehouse of
Eaton Electric has three dedicated areas to qtanle, and pack: the Tabula domestic market,
the Tabula export market, and Elatis. The processl in the three warehouse areas is a pick-
to-order process. Dependent on the destinatioheobtder, each area has its own process and
standard methods. This is hampering the flexibditghe area, because the employees do not
understand the working method in another area. Mane it creates a need for area specific
equipment, because each area needs other tooésforrp the activities in a good way. This

iIs expensive. Furthermore, Eaton Electric is grawim 2007 the turnover increased with
20%. Therefore Eaton Electric wants to improvesffeciency to avoid loss-making business.

2.2 Problem definition

With help of the above problem identification wenfulate the following problem definition:
How can the current order picking and packaging process(es) be improved?

The possible improvements will be focused on ingireathe flexibility and effectiveness of
the areas. Section 2.5 explains the research quedtat help to give a proper answer to this
problem definition.

2.3  Objectives

The main objective of this research is to identipportunities to improve the productivity of
the current order picking and packaging processes&hmprovements of the warehouse have
to result in a more efficient (streamlined) andkitide process. The improvements have to
result also in cost out opportunities.

The following objectives are developed to suppogtain objective:
- A clear understanding of the current state (opilgking and packaging).
- ldentify, through systematic analysis, the wastivities.
- Identify opportunities for improvements of theder picking and packaging process
that are aligned with the fabrication process.
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2.4  Scope of the research

As stated in Section 2.1 there are three diffeegatis with their own processes. Given the
time available for this research we have chosemlialogue with the management of Eaton
Electric, to focus only on the processes withindlal{the export and domestic area). Because
these areas make use of articles with the samedatkastics, the areas show resemblances.
Based on the findings we will search for opportiesitto develop solutions for the Tabula
export and domestic area. The process under igatistn is the order picking and order
packaging process. However we have to considerr adlcgvities and methods in the
warehouse that could affect the order picking amigiopackaging process.

2.5 Research questions

To reach the objectives of the research we forradl#he following research questions. With
help of these research questions we will answeptbllem definition.

1) What is useful theory to describe and assess the current warehouse process?

With help of suitable models and concepts we wabatibe the current state of the processes.
Moreover, the literature could be an instrumenidintify the preferred situation related to
this part of the supply chain. In addition the pemfance indicators, to assess the warehouse
processes, will be explained. This first reseanadstjon will be discussed in Chapter 3.

2) What is the current state with respect to the order picking and packaging process
in the Tabula export and domestic area?

As said in Section 2.4, there are two dedicatedsatmder investigation in this report. Both
areas have their own processes. Accordingly ieessary to describe these processes, to get
a thorough understanding of the current state efpitocesses. Therefore we make use of a
Value Stream Map. This research question will bentpalescriptive. To walk through all the
parts of the process, a clear view of the currgnaton will be the result.

3) What are the differences between the current situation and the preferred situation?

The preferred situation can be illustrated with allé Stream without non-value added
activities. With the help of the third research sfien we can identify the problems/wastes in
the current situation. These problems will be ex@d. In addition, the problems will be

analyzed to identify the causes of these problems.

4) What are the possibilities to improve the current processes and what will these
possibilities deliver?

To answer this research question it is necessalgotoat the previous research question. If
there are possibilities to improve we will lookwhich way Eaton Electric has to implement
these improvements.

Report by Ruben Rouhof -9-
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2.6  Research approach

The research is structured corresponding to theareb questions in Section 2.5. Chapter 3
explains the relevant theory to describe and asHesscurrent state of the warehouse
processes. Chapter 4 describes the current stdbe afrder picking and packaging process.
This chapter gives general information about theetwvause and measures and describes the
order picking and packaging process of the Tabwjpo® area and the Tabula domestic area
with help of the Value Stream Map. Moreover thiguier describes the warehouse phases
that affect the order picking and order packagiracess. The Value Stream Map, a key tool
of the Eaton Lean System, is the foundation of tegearch report. This way of research fits
with the company policy. To answer the researchstjie related to the current situation we
consult several sources within Eaton Electric. \@kect relevant documentation on Intranet,
Internet, and the Enterprise Resource Planningishaalled the Integrated Facility System
(IFS). Moreover, systematic observation on each pérthe current (order picking and
packaging) process takes place. Also interviews eodversations with employees of
different departments and disciplines take pladee Thterviews will be open and semi-
structured. The latter means that the questionsletermined beforehand. However there is
enough space for the interviewed persons to gigg tipinions and experiences. Chapter 5
discusses and analyses the problems (waste) iordee picking and packaging processes. In
this way we can identify the key problems. Chagtetesigns the solutions with relation to
optimize the order picking and packaging procedss Tmeans that the non-value added
activities will be eliminated as much as possilieother words, make the order picking and
packaging more efficient. The opportunities to ioyw the processes are discussed
(interaction with the persons involved) with theral@ouse operatives. This has to result in a
basis for improvements. Chapter 7 describes thdtsethat are coming from an experiment.
The main objective of this chapter is to identifgtgntial problems/errors. After we have
finished our research, Chapter 8 discusses thdusions and (related) recommendations.
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3. Theoretical framework

This chapter discusses the theory we use duringesaarch. Section 3.1 explains the Lean
System. The Value Stream Map, an instrument oL dan System, will be explained in more

detail. Section 3.2 explains the principles of oostr service; the starting point of the Value
Stream Map is the customer. Section 3.3 handleth#my about materials handling, in line

with the distinct phases in the warehouse.

3.1 Lean System

The Lean System is developed by Toyota (known &safrthe most efficient companies in
the world) and focuses on eliminating waste in g\u®rsiness process. The objective of this
system is to achieve efficient operations (Womauk dones, 2003). The Eaton Lean System
(ELS) is based on lean thinking and is one of tag tools of the Eaton Business System to
achieve operational excellence. Types of waste dhatdistinguished within Eaton Electric
are transportation, errors, waiting times, overdpigiion, unnecessary processing, movement,
inventory, and unused creativity of the employees.

3.1.1 Instruments of the Eaton Lean System

There are seven common instruments to use in ttenEagan System:

— Value Stream Mapping (VSV)
This is an instrument that visualizes three flowsdentify improvements: the product
flow, the material flow, and information flow. Thisap can identify the potential non-
value added (NVA) or waste.

- 5S
The 5S model is the basis for lean manufacturirdythe fundament for a disciplined
approach of the work place. The model consiste®fallowing elements; sort, set-in-
order, shine (regarding cleanliness), standardizé,sustain.

- Sandardized Work
Determine the best production method. The supeawijisooordinators, and the
mechanics define, maintain, and improve the statiziza work documentation.

— Total Productive Maintenance
The goals of this instrument are to guarantee thaipenent availability and
effectiveness. This is a method that contributefggd and continuous improvement of
processes through elimination of waste.

— FError Proofing
Error proofing is a systematic approach to detetémtial errors. This approach has to
ensure that these errors do not reach the custolems proofing does not occur to
avoid flow interruptions.

— Set up Reduction
Set up is the time where the machines have to togpsi®r the next order. Set up time
reduction improves the availability of the machim&is will enlarge the capacity and
enables one piece flow.

- Continuous Flow
The definition of continuous flow is the movemenvrh material to value added
process to value added process without transpdotifbers.

- Pull System
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Produce the order of the customer on the right nmbrawed the right quantity.

An important lean measurement is the cycle timel€time is the total time that is required
to complete one cycle of an operation, before tlaesigities are repeated. This measurement
can show the performance of a processing step.c®heept cycle time will be discussed in
Section 3.2 (Womack and Jones, 2003).

3.1.2 Value Stream Map

As mentioned before, the goal of ELS is to elimenaiste. Waste activities are activities that
add costs, but do not add any value to the prodluetcustomer is not willing to pay for these

activities. It is obvious that this concept (ELS)applied on operations in the warehouse too.
Therefore it is important to map waste activitieghis part of the supply chain. The suitable
ELS instrument to use in this research is the V&ueam Map.

Value Stream Mapping is a typical lean method fodarstanding the sequence of activities
and information flows. The Value Stream Map is useddentify the major sources of non-
value added time in the current value stream miag ¢urrent state). To create the current
state it is essential to ‘walk the process’, talthwhe employees, and observe the activities in
a systematic way. Moreover, The Value Stream Maé&ul to sketch a future state with less
non-value added activities. The opportunities tiniglate these activities denote Kaizen
events. In Japanese Kaizen means continuous impee At thiskai means ‘take out’ and
zen means ‘improve’. A Kaizen event symbolizes an appuoty to eliminate waste and make
rapid changes in the workplace (Womack and Jori#}3)2

3.2 Customer service

Coyle et al. (1996) argue that customer servicanisunderlying principle of the outbound
logistics systems. From the customers point of views essential that the right order is
received at the right time, in the right quantiand in the right quality. A related and
influential aspect to these requirements is thdecyine. In the literature four principal
activities are distinguished that constitute thdeorcycle:
- Order transmittal
The time it takes to receive an order from theesell
- Order processing
The time it requires to process a customer’s cadermake it ready for delivery (work
in process).
- Order preparation
The time it takes to pick and package an orderdhause).
- Order shipment
This is the time from the moment that the sellad®the truck with the order until the
buyer receives it (outbound/shipment).
In these activities are possibilities to reduce,ifistance, the order cycle time (Coyle et al.,
1996).

The warehouse under investigation is a finisheddgoaarehouse on the level of order
picking and order packaging. This is in correspowgewith order preparation. In general,
finished goods have a higher value and greates figk loss, damage, and obsolescence in
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comparison with for example raw materials. Thissagapoints out that it is important that the
finished goods are moving efficiently and rapidiyaugh the warehouse (Coyle et al., 1996).

The most essential objective for a (finished goads)ehouse is to meet the demands of the
customer; customer satisfaction. Therefore it igpanant to consider the standards of
performance from the customer’s point of view. @ogt al. (1996) describe five standards of
performance from this perspective:

- Orders received on time, also called On Time Paréorce (OTP).

- Orders received complete.

- Orders received damage free.

- Orders filled accurate.

- Orders billed accurate.

To asses the customer service we will measure th&i@e Performance, the orders that are
received complete and correct (the right articees) the orders that are received damage free
(conform to the ‘contract’ between the buyer antleee The last two standards can be
measured on the basis of the customer complaihissel customer complaints could tell us
the degree of orders that were incomplete and dath@gn-conformed).

3.3  The warehouse process

Frazelle (2002) assumes that warehouses can b&fieldsn different types, based on the
services the warehouses provide. Frazelle classifiee warehouses of manufacturing
companies in three types: raw materials, work-imepss, and finished goods warehouses.

Within a warehouse the layout is an essential dspec(re)design a layout it is essential to
consider the overall flow of goods. The relatedstiea to this aspect is whether the flow of
inbound and outbound is streamlined in an efficigay. Esmeijer (1996) distinguishes two
general routing principles; I-routing and U routing
- l-routing
This routing principle is in a straight line. Thebund dock is located on the opposite
of the outbound dock.
- U-routing
This routing principle means that the route is @dgdd. The inbound and outbound
docks are (physical) separated from each othemfeuibcated beside each other.
The main point of this theory is that it is impartdhat there is a physical separation between
the incoming and outgoing goods to avoid confligtiransport routes.

The warehouse activities can be divided in a nurobéliistinct phases; receiving materials in
the warehouse, storage, order picking & packagamgl shipment (Visser and Van Goor,
2004; Rouwenhorst et al., 1999). This section erplthe literature of these phases.

3.3.1 Receiving materialsin the warehouse

In this phase the materials are received in thelm@rse. This is called inbound inventory as
well. At this it is important that (quality) contréakes place on the number of supplied
materials and eventually damages. An order haseet the quality standards the buyer sets
forth in the purchase agreement.
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To smooth the material flow, electronics can h&lpe use of electronic tools, such as barcode
scanners, can eliminate much paperwork. If the eya@ has to collect the data in a manual
way it takes a lot of time (Gademann and Van Dijkbn, 2000), (Coyle et al1996).

3.3.2 Sorage

After receiving the materials in the warehouse, dhecles are put on stock (storage). These
articles are also called stock keeping units (SKAJyelated question is what and where to
store the materials. There are a number of elemeritee theory that we can use to answer
this question. The first element that can be usetbistore the articles into the physical

characteristics of these articles, for examplehbaviest articles are stored with each other.
Second, there is a distinction in bulk inventorg éloor stock. The floor stock is intended for

order picking. Out of this inventory, on the lowdstations, it is simple for a warehouse

employee to pick the articles. The rest is bulkeimory and is often stored on the highest
locations. (Visser and Van Goor, 2004).

Besides, Rouwenhorst et al. (1999) distinguish ethstorage policies; dedicated storage,
random storage, and class based storage (CBS)cddedistorage policies ground on the
concept that the articles stands on fixed placesarwarehouse. Random storage policies are
the opposite of dedicated storage policies. Theslzdgandom policies is that an article could
be stored randomly in a warehouse. An advantagei®principle is that the capacity of the
warehouse can be better used. The third storageypsl called class-based policies. This
means that articles are divided into zones. Thesesare often based on their turnover rate.

De Koster et al. (2006) state that the class bas®edge policy could be coupled with Pareto’s
ABC analysis. The ABC analysis classifies the &ticto their relative importance. The
articles are often classified on the basis of #te of turnover or annual use value. Besides the
literature considers other criteria, like lead tjineemmonality, durability and obsolescence
(Ramanathan, 2004). Besides it can help to deterthi@ level of control (Reid and Sanders,
2005). One can take the following steps to grougdtticles into ABC categories. The first
step is to choose the right criterion. The nexp s$etot calculate actual and cumulative, for
example, total sales revenue percentages for eacle dReid and Sanders, 2005).

The subsequent activities in the warehouse proasssthe order picking and packaging
activities. For the warehouse employees, who hayeetform these activities, it is important
that the articles are stored on the right locaéind in the right quantity. The reliability of the
inventory is an essential aspect. Furthermoreattieles have to be stored in such a way that
the pickers could pick the articles in a simple wiays important that the distribution of the
order works out in a fast and effective way.

It is essential that the articles are stored inrtblet quantity and on the right location. This
means that the administrative inventory (the dat&RP) has to be equal to the physical
inventory. So we have to analyse the inventonabglity in the current situation; identify the
number of locations without inventory discrepangeszelle, 2002).

Furthermore, to improve and streamline the ordekipg phase (discussed in Section 3.3.3) it
is necessary to identify whether the articles #weed in a logic way. It is important that the
pickers do not have to lift often to the highestatons in the warehouse. Using a diagram of
the number of picks/transactions from the locatiohghe different aisles we can analyse
whether the articles in the Tabula main warehouset@red in an efficient way.
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3.3.3 Order picking and packaging

From scientific studies it has become clear thdep

picking is the most labour-intensive operation ek 0 "_'
warehouses with manual system (Gademann and SIS S -
Dijkhuizen, 2000). Moreover, it is a capital-interes | Receiving the materials 10%

operation in warehouses with automated systems

0 : NS (S8t on stock (storage 15%
Table 3.1). The application of the right order pick Srder o l(< %) E50; °
system could result in improvement of the efficignt raer picking o

Furthermore, the right order picking system and Expedition 20%

strategy could improve the way of fulfilling an erd

in the right way. The choice for an order pickir : .

system is not an autonomous issue, because the r?]lgteiwggéh?nggfﬁf:é V\y::]eg‘?iﬁe. -
always a functional relation between the store 200339. (Gade Jrhuizen,
system (Section 3.2.2.1) and the order pickingesgs.

(Esmeijer, 1996).

Table 3.1 Typical division of the costs

Esmeijer (1996) distinguishes the order pickingcpss in three key basis systems, the one-
dimensional order picking system, the two-dimenaioorder picking system, and the
dynamic order picking system. A one-dimensionakongicking system means picking from
the floor. A two-dimensional order picking systesnpicking, with help of equipment, from
the desirable height (of the floor stock). Finallydynamic order picking system means that
the goods are brought to the picker. Examplesisfaystem are the paternoster system and an
automatic guided vehicle (AGV).

The theory of Esmeijer is in line with the theory[@e Koster (2004). De Koster makes a
distinction between manual (employing humans) andoraated systems (employing

machines). The most common system of those is theual system. These systems are
divided in parts-to-picker and picker-to-parts syss. A combination of these is called ‘put
system’.

To improve the picking productivity it is essentialknow which picking strategy is used in
the current processes. The literature distinguighese basic picking strategies. The first
strategy is named strict order picking. In thisgy the picker completes one order during a
pick tour. This strategy is ideal if there are aaBnmumber of lines per order, because it
requires no sorting operation and it maintains omdeegrity. The second strategy is named
batch picking. This strategy means that a wareheog#oyee picks articles for several orders
at the same time. The last picking strategy isedatlone picking. Zone picking is almost the
same as the batch picking strategy. In contradt thié batching strategy each picker in this
strategy is assigned to one particular zone. (Gademand Van Dijkhuizen, 2000).

Routing is an important aspect within the orderkipig process. The literature describes
several routing strategies. With help of routingatggies it is possible to determine a route
that visits each pick location. It is difficult #chieve an optimal routing strategy (the least
travel time). Besides it is for warehouse employbesd to understand. Therefore the
literature hands us several heuristics for ordekipg. Next to the optimal routing strategy,
there are three well-known (basic) strategies @nliterature:
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- S Shape (traversal):

this heuristic means that the aisles, the picker thavisit, are completely crossed.
When the picker has finished the order, the pigkers back to the depot.

- Largest Gap:
in this strategy the picker goes into an aisleaas$ the largest gap within an aisle.

- Combined routing strategy:
in this heuristic, aisles with order lines that @de be picked are entirely traversed or
entered and left at the same end. The raising ignesh that moment is: ‘Should | go
to the rear end of the aisle or should | returtheofront end?’ (Roodbergen, 2001)

Figure 3.1 shows the routing strategies in a g@apldy. The warehouses in these graphics
are named single-block warehouses. The figures ghatthe order picker does not move
within in an aisle to pick the order lines; the alamuse employee picks the order lines from
both rows in one flow.
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Figure 3.1 Routing heuristics for order picking

After order picking the articles have to be packhdeackaging is an important activity that
can affect the logistic chain. Examples of logstissues are product identification, product
protection, the ease of handling, an efficient ostorage facilities, transportation vehicles,
and the environment (Coyle et al., 1996).

Just like in the phase ‘receiving the materialgsha warehouse’, in packaging the use of
handheld barcode scanners can play a huge rolelasitve barcode scanner can provide data
collection in an accurate way and can reduce labo (labour in the form of operations and
data collection). In short, barcode scanners cetriehmline the packaging processes (Coyle
et al., 1996).
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The process of order picking and order packagingesponds to ‘order preparation’ that is
mentioned in Section 3.2. Order preparation stdodshe duration to pick and package an
order. To operate in an efficient and effective wayg important to analyse and measure these
activities. Therefore we use the following perfonoa indicators:

- The average number of order linesthat is picked per hour (Frazelle, 2002).
This performance indicator give us an indication tbé productivity of the
warehouse in the current situation. Because arr aatgains different numbers of
order lines it is necessary that we analyse therdides picked per hour. If the
current process on this aspect is not on an adueplavel, we have to consider
opportunities to increase the productivity of tadivity.

- The order picking cycle time (Frazelle, 2002).
This performance indicator shows the time thatdeded for picking an order or
order line. As stated before, customers want tltersron time. To meet this
requirement it is important to consider the cydtaet of the order picking and
packaging process. This factor affects the OTPalbk w

3.34 Shipment

After order picking and order packaging the conmmlerder will be transferred to the
shipment dock. In this process step the materadslg will be allotted to a truck and it will
be loaded to ship it to the customer.

Shipment is also called the outbound. As mentiohetbre, customer service is a very

important topic in the outbound logistic systeng tustomer wants to get the delivery on (the
agreed) time. It is important to select the riglquipment to ship the orders. It is also

necessary that there is data collection in thiscgse step. Data collection enhances the
inventory data integrity (Gademann and Van Dijkleniz2000).

3.4 Conclusion

The foundation in this research is the Value Strééap. With the help of this lean technique
the current situation of the order picking and orpackaging process will be analyzed and
the future state will be sketched. The future statan ideal image of the future situation
without processing steps that do not add valubd@tocess. The main theoretical concepts in
this research will be customer service (OTP, namfaronance, and shipment mistakes), the
cycle time of the order picking and order packagimmgcess, the productivity of the order
picking process (in terms of order lines picked Ipeur), and the reliability of the inventory.
Chapter 4 focuses on describing the current sfatieecorder picking and packaging process
by comparing the involved processing steps withiteeature explained in this chapter.
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4. The current state of the order picking and packging processes

Section 4.1 gives general information about thaslied goods warehouse. Section 4.2
describes the current situation in the perspedaiivihe customer; customer service. Section
4.3 illustrates with help of the Value Stream Map turrent state of the order picking and
packaging process of the Tabula export area andidhala domestic. To create these current
Value Stream Maps we walked the order picking aackpging process from beginning to
end and we performed a time study. The other infiak warehouse phases related to the
order picking and packaging process will be desctibs well. Appendix C shows the flow
charts (input — process — output) of the otherirtisiphases in the warehouse to get familiar
with the whole process in the finished goods wansko

4.1 General information

The Tabula export area and the Tabula domestic gickafrom the same finished goods

warehouse. This main warehouse consists of four@es with (pallet storage) racks, which

varies in heights (Figure 4.1). This signifies thia@ rows consist of a different number of
locations. The aisles in the warehouse are naribvis impossible to pass by another

warehouse employee. In general, the warehouse eaared a single-block warehouse: no
cross aisle, for instance, in the middle. In additio this, the employees make use of a
paternoster; an independent vertical dynamic seosggtem (Figure 4.2).

Figure 4.1 The racks in the main warehouse Figure 4.2 The Paternoster

In this warehouse (without the paternoster) 100f#emint articles are stored. In the
paternoster 362 articles are stored. This patezngsints 61 rows. Every row has a different
number of locations. The articles in the warehoarge coming from external suppliers and
internal suppliers (the production line of Eatordttic). To get familiar with the size of the
finished goods warehouse, the value of the Tabal@mouse on the 3f June was about €
1.158.000 (8.633.000 DKK).

The order picking system within the Tabula finislggmbds warehouse is a two-dimensional
order picking system. This means that with helgwtable equipment the orders are picked.
However, there is also a dynamic order pickingeystbecause the small articles are stored
in the paternoster. So these articles are brougbtaatically to the picker.
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The order picking and packaging process is the daisiur-intensive phase in the Tabula
finished goods warehouse. Two warehouse employeegsponsible for the incoming goods
(receiving the materials), one warehouse emplogsett put the articles on stock and eight
warehouse employees are responsible for ordemgcknd order packaging.

The inbound and the outbound dock are locatedeasdime place. The flow of the receiving
materials and the flow of the outgoing orders aseng through one door. In other words,
there is no clear physical separation betweenrtha@and outbound. Appendix D shows this
information.

It is also important to be familiar with the proses placing an order in the perspective from
the customer. The customer can place an ordefffereht ways: by telephone, fax, letter, e-
mail, and online. The sales office prefers the laal, because this way is less labour-
intensive. After the order is placed the sales eyg® has to enter the right data of the order
in the system (IFS). At that moment Eaton Eledtas to make a planning for producing the
articles. The sales office decides when a wareheuggloyee can pick an order. For this
purpose the sales office sends a pick list (Apperglito the system in the barcode scanner of
the warehouse employees. This is a list of artithes have to be picked. This list contains
only the articles that are actually stored. To weapick list the sales office has to consider
some issues. The sales employees are selectimgydbes on delivery time, cycle time, and
the articles availability. The sale of Tabula does have special peaks throughout the year.
Only in holidays (summer and Christmas) the saéesahse slightly.

4.2 Customer Service

The customer of the warehouse process is the estdmar; in other words the buyer of the
Tabula goods. As stated in Section 3.2 it is esslemnd necessary to consider the
performance related to the customer. This sectivesgan overview of the performance
related to this aspect. At this, the influencehaf tvarehouse activities on the customer service
becomes clear. We measure the customer servidedsy indicators:

- On Time Performance.

- Percentage shipping mistakes.

- Percentage of non-conformance.
We will measure these indicators, because of ttietlfi@at these data are already measured by
Eaton Electric.

The On Time Performance

The On Time Performance (OTP) stands for the pémgenof orders/order lines that are
delivered, in conformity with the agreement, todyear in time. To identify the influence of
Tabula on the OTP, Eaton Electric makes a distinchietweenTabula projects and Tabula
stockist. Eaton Electric has to deliver the Tabula projemisplete to the customers. The
percentage gives an indication of how many custermemeived their (project)orders on time.
Eaton Electric defines Tabula stockist as ordezdithat are intended to replenish the stock of
the customers. It is the goal to deliver these motitkes on time, but it is not a requisite.
Figure 4.3 shows the statistics of the OTP of tabula projects and Figure 4.4 of the Tabula
stockist. The graphics shows the average OTP of 20d the OTP of the first five months of
2008. The average OTP of 2005 and 2006 was ndahlai
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At the OTP of the Tabula projects there is no s#par possible between the OTP of the
Tabula export area and the Tabula domestic areaube Eaton Electric measures the OTP
per product. Figure 4.3 shows that the OTP doessatisfy the target OTP. The first five
months of 2008 shows an average OTP of 47,6 %.

OTP (%)
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Figure 4.3 OTP of Tabula projects Figure 4.4 OTP of Tabula stockist

Figure 4.4 shows that the actual OTPTabula stockist varies during the measurements.
Besides we can see that there is a correlationthvtloverdue and the OTP. Overdue lines are
the lines that are not shipped on time. A highePQ3 related to a lower amount of lines
overdue. Out of the graphics we can conclude tatQTP of the Tabula projects is lower
than the OTP of the Tabula stockist. The causéhisrdifference is that, in contrast to Tabula
stockist, the Tabula projects have to be shippedpbete. These are requirements of the
customer.

There are a lot of factors that influence the Ofid?;example the production capacity, the
different activities on the production line, theler entry and the activities in the warehouse.
In this report the warehouse is the central pdiherefore it is important to know to what
degree the activities in the warehouse can afteetQTP. Table 4.1 gives an overview of
metrics that affect the on time performance. Tiazta are of week 23 until 27 of 2008. The
data is shown in the number of order lines. Foraimse, to calculate the overall OTP one has
to perform the following calculation:

Total lines for shipment — Total Late
x 100 %

Total lines for shipment

The metric ‘not picked’ is related to the warehoasgéivities. ‘Not picked’ means that the
order lines were stored in the warehouse and veserved to pick, but that these order lines
are not picked. A reason for these ‘not picked eortines can be the amount of available
labor time; the warehouse employees have not entnghto pick the articles. The goal is to
decrease the percentage ‘available not picked%o Dhe metric ‘not available’ is a metric
that has a big influence on the OTP. This me#ielated to the activities of the production
line. For some reason the production line has retufactured the articles (order lines) on
time. This is the major bottleneck for the OTP.
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If we look to the sub table ‘department not on timerable 4.1 it becomes clear that the door
line can be mentioned as the most critical facd@rthe moment Eaton Electric is searching

for possibilities to outsource a part of the prdcarcof the doors.

Week Week
Status 23 24 25 26 27 Department not on ime 23 24 25 26 27
Door line 59 84 o4 76 91
Partial ship 26 24 63 19 28 Press 5 11 B 14 30
Picked not shipped 1 169 g 0 292 Imed Profile NA | NA | NA 4 21
Not available 117 162 191 144 204 CNC 29 21 30 16 20
Not picked a1 a7 46 17 165 Packaging 6 9 16 14 13
Total late 175 ETS 311 180 689 Copper N/A 11 5 5 12
Purchasinz 8 5 21 5
Total linesfor shipment | 1302 | 1934 | 2557 | 1610 [ 2901
*MNA = Not Available
OTP overall 87% | 80% | 88% | 8%9% | 76%
% not shipped 0% 91 0% 0% 10%
% available not picked | 2% 20 205 1% 604
Sonot ready 9 5o = k] o0
Table 4.1 Metrics that affect the On Time Performai

Shipping mistakes

The second indicator is named ‘shipping mistakiaton Electric defines shipping mistakes
as mistakes in the form of:

- shipment of wrong par

- shipment of a wrong quantity.
The figure below shows the data of Tabula withtrefato the shipping mistakes from 2001
until 2007 and the first five months of 2008.

As we can see in May 2008, for instance, the nurabshipping mistakes was 0,39 mistakes
per hundred shipped order lines. The number ofpshgp mistakes varies per month. In
addition, the average number of shipping mistaleyg per year as well.
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Figure 4.8 Shipping mistakes (source: IFS)
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Non-conformance

Eaton Electric measures the non-conformance as ketibn defines this measurement as the
number of articles that are received non-conforimethe customer. Eaton Electric measured
this indicator of all the products. Figure 4.6 skaive data of January until May 2008 and is
show in parts-per-million (PPM).

This figure shows that it occurs not often that

articles are received damaged or non-
conformed. For instance in February 36 parts
of a million are received non-conformed. A| ™
comparison between the statistics of shipping |
mistakes and non-conformance explains the
shipping mistakes occur more frequently than
articles that are received non-conformed. 40 |

Non-Conformance

50 4

The indicators with respect to the customel ] H
0

service show us that there are opportunities fo 2
improvement. Especially the OTP is not at an ,, |
acceptable level. Therefore we have to searc
for possibilities to improve the activities in the
warehouse that affect the OTP. As stated th
goal is to raise this OTP to 100%. For
instance, when all the available order lines a.<

Jul

Mar 4:|
Apr 4:
Maj 4:

Jan
Jun
Aug
Sep
Okt
Nov
Dec

2006 ave
2007 ave
2008 ave

2,38%.

4.3  The current order picking and packaging process

This section describes the current state of theropicking and packaging process of the
Tabula export and Tabula domestic area. The custaie will be described with help of the
Value Stream Map.

4.3.1 Tabulaexport area

Six persons work in the Tabula export area, divigheal (morning) shift of four persons and a
(evening) shift of two persons. The picking andkaagng activities are related; each order
has to be picked and packaged by the same perkeredquipment of this area consists of one
reach truck (shared with the domestic area), ook fpuck, and two runners. The customers
are coming from all over the world. In other wordke Tabula export area is globally
orientated. The main customers are Mueller (Norw#tgc (French), Centralic (Marocco),
and several customers coming from the Middle-Eagj. (Dubai). The order sizes in the
Tabula export area varies. In the year 2007 thessvaried from an order that contained 1
order line to an order that contained 350 ordezdinin 2007 the average number of order
lines per order was about 32.
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Value Stream Map

This section shows the Value Stream Map of theetrsituation the current state) with
relation to the order picking and packaging proceisshe Tabula export area. This VSM
gives an overview of which steps can be distingedsaind how long each step takes. Because
every order (Qqua number of order lines) and eveagsaction (qua volume) is different (the
process is not standardized), Figure 4.7 represbatéime of an average order. The key of
the symbols are explained in Appendix F.

Order Picking & Packaging process
Tabula Export
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Developed by Ruben Rouhof
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The processing steps are measured during a tinedpafrthree days. At this, each day there
is exclusively one warehouse employee observedwtih@le day. Appendix G shows the
template (a standardized form) that is used to oreabe average time of a processing step.
The results of the measurements are also showmpperdix G. These observations make it
possible to identify and quantify the waste adegtas well. Because we observe a warehouse
employee the whole day the waiting times are catedl to an average order. Based on
expertise of the warehouse employees the pickerpieking an average of 10 order lines per
pick tour. Moreover, one box contains average 8l@molines.

Description of the current picking and packagintivitees

The order picking strategy in this warehouse araa lbe seen as a strict order picking
strategy. Each picker is picking its own order. &ese of the size of an order (too many order
lines) the employees are often unable to pick tideroin one pick tour. The barcode system

tells the pickers where they have to go (pickingusace).
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The picking sequence is based on the packagingoaéthis will be explained later) and the
steps are as follows:

1. long and heavy articles 4. picking the articlath a reach truck
2. plates 5. paternoster
3. picking the articles with a cart 6. coated doors

The logic behind the first step is the fact tha kbng and heavy articles have to be put in the
bottom of the box. This is because of the rule amoto the customer’. In the philosophy of
the ELS this is waste (muda) of money. The coateord are put in the top of the box,
because these are the most vulnerable articles.Tabala export area makes also use of
kanban cards for some articles from the productine (intermediate profiles). When a
location is empty the employees have to scan thedwmcard. This gives the production line
a signal to produce the articles that are needed.

The packaging process takes place in the same Hnegracker has to pack these articles in
timber boxes; there are three different box siBepending on the quantity/volume of the

order the warehouse employees choose the rightTdeese packaging activities are labour-
intensive. A big order consists of more than one. Adne average weight of one filled box is

approximately 700 kilogram. Only for Eaton Swede® articles are packaged on EU pallets.

Since these EU pallets are expensive, the palletseaycled.

The sales office decides when an order is finiskigden there are order lines not available to
pick, an order has to wait (the box is still opbefore it can be shipped. For instance, the
production line still has to produce the order din€he optimal situation is to release an order
when all the order lines are available, but becaéluserders are often too big it is impossible

to pick and pack the order within, for instancageehhours (when the last articles became
available) before shipment. So the warehouse graphave to wait on a signal before they
can close the order. Historical data shows thatithe of an open box varies between one day
and three weeks. The goal is to complete all tdersron time. If this is not possible the sales
office can add order lines until three hours befbamsport. So it is possible that after this

deadline some orders (to replenish the stock of dhgtomer) goes incomplete to the

customer. To transport the order (the box) in hAtngay to the shipment dock, the employee
has to affix the box with a pack list. This listvgs the customer information about the

contents and weight of the box. The pack list istpd automatically.

To know the productivity of this order picking pess we measure the average number of
order lines picked per employee per hour. To getiable and valid result we have taken data
out of IFS. We have investigated three periods ofmanth. Appendix G shows the
measurement method. The calculation shows thatratogee in the Tabula export market
picked approximately 7 order lines per hour (averagl kilograms per hour).

4.3.2 Tabula domestic area

Three persons work in this area. The warehouseitaesi are divided in two shifts; one shift
(morning) of two persons and one shift (eveningpioé person. Each order has to be picked
and packaged by the same person. This means thattployees have to pick from the racks
and the paternoster by themselves. The equipmenhi®farea consists of order picking
barrows, two pick trucks, two small trucks, and oeach truck (this truck is used by all the
areas). The costumers of these area are compantee domestic market; Denmark. The
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most important buyers are Lemvigh-Muller, Autom&id A/S, Danish Tale, Pro Automatic,
and KK-Electronic A/S. The average number of ordezs per order in this area is smaller
than the average in the Tabula export area, bedhastabula export area gets more project
orders. The average in 2007 was approximatelyrd®rdines per order. However, the sizes
varied very much; from 1 to 310 order lines pereor@n 2007).

Value Stream Map

The Value Stream Map shows the order picking anckaging process of the Tabula
domestic area in the same way as the Value Stream &l the Tabula export area. This
Value Stream Map represents an average order &sTleke measurements take place in the
same way as in the Tabula export area. The prawesseps that are different in comparison
with the processing steps in the Tabula export areahown in the form of ovals.

Order Picking & Packaging process
Tabula Domestic area
Current state
Made on: 09-07-2008 Developed by Ruben Rouhof

IFS/Sales Office

~

- . . . : . Return to
arehouse Select and ~ Ridingo the . Data Pick the right Lift to the Weight the Naitin !
- Get the right —\\iaiti —| —| —| . —
883 = review the aIIetg rightfocation Waitin: Lift collection articles ground floor order time packaging
DK order P time area

Average # lines / order = 10
83s 83s

Transport
the order to
the shipment
dock

Pack the
order in the
scanner

Fasten the (-
packing list —gVVaIlNG | —y
on the pallet time

Print delivery
) notes and
labels

| Pack the
order

(physical)

83s

P P O IV p ¥y
120s 120s 30s 60s Once a day

Fiqure 4. Current state Value Stream Map; Tabula domestic

Description of the current order picking and padkaactivities

The Tabula domestic area uses a strict order mgicgirategy. Each picker has to pick their
own orders. It could happen that an order contemasnuch order lines to pick it in one pick
route. To pick the whole order the warehouse epgas have to split up the order in parts
(pick tours).

This area also uses a barcode scanner. This scajwves the warehouse employee
information about the order lines that have to lokgd. However, the warehouse employees
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decide their own pick sequence. The system in #redde scanner is set for the Tabula
export area. In the domestic area the picking aukaging activities are also combined; the
picker packages the order as well. The employess with the small articles that go on a
pallet. The large articles cross the pallet sizee Warehouse employees in this area are
picking the orders based on the first-in-first-gatFO) principle. This principle means that
the employees have to start with the orders tleapkaced first.

The employees put the articles directly on thetrjgdilet (pack-while-pick). There are pallets
in two sizes. Orders (mostly rest orders) with #avd small order lines are not put on a pallet.
These articles will be shipped in a cardboard Atre packaging activities (fasten the articles
on the pallet) take place in another area andadreur-intensive. Data collection takes place
with the help of barcode scanning. Besides, thiseh@use area uses kanban cards in the
same way as the Tabula export area. Furthermoredimputer system provides the right
labels, delivery notes, and packaging forms.

To measure the productivity of this order pickimggess we used the same method as in the
Tabula export area (see Appendix G). The averageber of order lines picked per
employee in this area is approximately 10 ordeedirper hour. At this, the warehouse
employees picked an average weight of 162 kilogrpershour. This number of kilograms
explains the higher productivity (in terms of ordiees per hour) of the Tabula domestic area
in comparison with the Tabula export area, becé@usdes longer time to pick heavy articles
than light articles.

4.3.3 Routing within the order picking processin the Tabula main warehouse

Chapter 3 explained that it is essential to rec@rine structure of the path that the order
pickers cover to pick the order lines. In this weg could conclude whether the pickers walk
the route through the warehouse in an efficient.Wayanalyse these routings we make use
of a so-called spaghetti diagram. An example o fpaghetti diagram is shown in Appendix
H. In the current situation the pickers use th&ipig sequence, based on the packaging policy
(as mapped in the barcode scanner in the case dfabula export area). At this, it becomes
clear that the warehouse employee has to pick gfenrow. A consequence is that the
warehouse employees have to return to anotherlpaation in the same row and narrow
aisle. However, the employees have to ‘scroll’he barcode scanner to search for articles
that are suitable to complete the box. This infagsnthe picking sequence. Besides the
employees are moving criss-cross through the waisshdr here are no guidelines for the way
of driving in the warehouse.

4.4  Other influential process steps in the warehoes

As we can see, out of the two Value Stream Maperqivarehouse) process steps affect also
the efficiency of the order picking and packagingagess. Therefore is it important to
describe these process steps as well. We will exfit@ relation of the specific process step
with the order picking and packaging process.

4.4.1 Receiving materialsin the warehouse
Within this process step there is a distinctiowleetn articles coming from external suppliers

and articles coming from the production line. Se iifcoming goods and the materials from
the production line are received in a different wdy the first place the incoming
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(outsourced) articles are received on a differdace in the warehouse (Appendix D).
Second, an appropriate employee controls theseesrton the amount, specifications, and
eventually damages. This control is based on therEQuality System (EQS). The system
determines the standardized steps that an empl®é¢o take. The EQS is used by all the
Eaton companies in the world. The articles fromgheduction line are not controlled in the
warehouse. This control takes place at the prodidine. The data in this process step is
collected in an manual way. The collected data kgllentered in IFS. The inbound dock of
the outsourced materials is also used as outboonH. dn other words, the inbound and
outbound are not physically separated.

442 Sorage

Most articles in the Tabula finished goods warekoase stored based on their physical
characteristics. Namely, the longest and heavidsies are stored on the side of the walls.
Very small articles (e.g. screws) are stored imi@imoster. Furthermore, product families are
stored together. The articles are stored basetiepitking/packaging sequence. This means
for example that the (coated) doors are placedhéensame row. The articles are stored on a
dedicated based policy: each article is situated permanent location. There are exceptions
for articles with specific requirements from thestmmer. These articles do not have a fixed
location. For specific articles the warehouse makss of a bulk inventory and floor stock.
Specific articles from the production line (e.gdesiplates and doors) are stored in the bulk
inventory. These articles can be seen as a bufféaee mostly stored on the highest locations
in the row. Nevertheless, most articles are naeston the principle of bulk and floor stock.

In the current situation one person is respondiblput the articles on stock. This occurs

without any automatic tool (e.g. a barcode scanméostly this employee knows, based on

his experience, on which locations the articleseht@avbe stored. When the employee doubts
about the location, the IFS can be used to knowigfm location. The warehouse employee is
not triggered by a specific sign of the productiioe. This is totally based on communication

with employees of the production line.

4.4.3 Shipment

Tabula export area

After the order is arrived at the shipment dock arelaiouse employee has to affix the box

with a delivery note. Subsequently this employe® tilasort the boxes in a right way to ship

the boxes in an efficient way. For example, boxes have to go to different countries in the

Middle-East are put together. It is already madzarcithat the inbound and outbound are

situated at the same place. The docks are notatedailhe transporter is the person that has
to load the boxes (orders) in the lorry. The empésyof Eaton Electric do not have any tasks
in this activity. The mode of transportation isfeient. There are shipments by plane, truck,
and ship. It is also possible that couriers take cd the orders. The choice which mode of

transport is used is dependent on the destinatioe aind size of the order.

Shipment Tabula domestic area

The Tabula domestic area uses two shipments ddtlkesmost orders are going to the dock
nearby the packaging area (the shipment dock ofisEks well). However, there are
exceptions for two customers (Solar and Flex TowlBecause these customers use other
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transport companies, the orders are going to tiper&nt dock of the Tabula export area. This
also applies for the small packages. The reasoa thfferent shipment dock, in comparison
with the Tabula export area, is because of theesgaceduces the movements in the export
packaging area. The mode of transportation is lsuml truck, because the orders are
intended for customers in Denmark.

4.5 Conclusion

As stated before, the Tabula export and domestia arake use of the same finished goods
warehouse. To search for possibilities to improugerge) these current processes it is
necessary to consider the differences between tAsmmentioned in the introduction of this
chapter, the flow charts of the processes couldutein an accurate way in which process
steps the processes differ from each other. Thierdifces will be explained in this section.

4.5.1 Method of order picking and packaging

The main difference between the processes is celatehe method of packaging. In the

Tabula domestic area employees are using otheragaak material than in the Tabula export

area. To pack the SKUs (Stock Keeping Units) ofdraer, the Tabula domestic area makes
use of pallets. The Tabula export area has tohmutnits in timber boxes. This difference is

because of the orders, that are intended for thergxhave to cover a longer distance (longer
transportation time and more often load and unlo&t)s means that Eaton Electric has to
package these orders in a more careful way (otaekgging material) than the orders of the
Tabula domestic area. Moreover, the size of thergrders is bigger than the orders of the
Tabula domestic area. These orders are not suifabée EU pallet.

This method of packaging has its effect on the wekthf picking. As mentioned the barcode
scanner is made for the Tabula export area. THengsequence is adjusted to the packaging
method of this area. Because of the different pgiokpmethod it is logical that this sequence
is not suitable for the Tabula domestic area. Tioeedhe warehouse employees of the Tabula
domestic area are picking often on their own wayt; lnoking to the system in the barcode
scanner.

45.2 Other differences

The rough sketch of the warehouse (D) shows treatliferse activities do not occur on the

same place. First, the packaging activities takaceplon a different place. Second, the
shipment dock (outbound) is situated (for the nuwders) on another place. This means that
the flow of the goods are very different from eather.

The points in time of the shipments differ toothe Tabula domestic area the shipments take
place every day, because the orders of the Talwisestic area are often small and the
destination of these orders is the domestic maiBetimark. Foreign export occurs two to
three times per week (mostly on Tuesday and FridHyg number of shipments in this area
depends on the number and destination of the orders
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5. Problem analysis

Chapter 4 described the current situation of th@emomicking and packaging processes.
Section 5.1 shows the current Value Stream Mapé wie Kaizen events. Section 5.2
explains and analyses the problems (the non-valdedaactivities) of these processes.

5.1 The Value Stream Map with Kaizen events

In Chapter 4 the current state Value Stream Magetdhe processing steps within the order
picking and order packaging process of the Tabxbeo®e and the Tabula domestic area. Lean
thinking focuses on eliminating waste in every gss In the view of the lean system a
process without waste is the preferred situatiorwoparison between the current state and
the future state explains which waste activitiegehi@ be eliminated. In this investigation we
are focused on the following wastes (Kaizen events)

- Waiting within an aisle before the warehouse emgdogan pick the articles (A).

- Unnecessary movements, because the inventoryitewmel right and the routing is not

optimal (B).

- Waiting before the warehouse employee can packadj¢ha order (C).

- Waiting before the warehouse employee can weiglottier(D).

- Waiting before the warehouse employee can bringtter to the shipment dock (E).
Figures 5.1 and 5.2 show the current Value Streampavivith Kaizen events. Section 5.2
analyses the waste activities; the underlying causk be explained.
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Figure 5.1  Current state Value Stream Map with Kaizen evehdgula export area
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Order Picking & Packaging process
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Current state Value Stream Map with Kaizen evehdfula domestic area

5.2  Analysis of the waste activities

First, the Kaizen events in the Value Stream Mdpsnisthat there is waste in the form of
waiting. As can be seen that these waiting aatisitboccur in different ways (at different
processing steps):

Kaizen A: Waiting within an aisle, because a colleague nsthe way
(congestion). Research shows that each personohasit approximately 10
minutes per day. This means 378 seconds at angeverder of 32 order lines
(10 minutes / 50,25 order lines per day * 32 ottes).

Kaizen C. Waiting for a colleague at the packaging areacaBee another
warehouse employee is picking (also the truck heway) there is no space
left to package. This is particularly the casehst Tabula export area. This
means a waiting time of approximately 20 minutesdasy.

Kaizen D: Waiting for a colleague, before the warehouseleyge can weigh
the order. Research shows that each warehouse yaephas to wait about 5
minutes per day.

Kaizen E: Waiting for a colleague (the warehouse employe is receiving
the materials) before the warehouse employee @arsport the order to the
shipment dock. This means a waiting time of apprately 5 min per day for
each warehouse employee.

In total, a warehouse employee has to wait appratdty 40 minutes each day (based on
observations). This comes to a total waiting timeviarehouse employees of approximately
20 hours per week (based on the fact that theré ameployees working in the warehouse).

Report by Ruben Rouhof -30-




Improving order picking and order packaging at Eaton Electric ApS

An important underlying cause for these waitingesnmKaizen A, C, D) is the amount of

traffic in the warehouse. In the normal occupatowarehouse operatives are working in the
Tabula warehouse. One warehouse employee is stdhagarticles, three warehouse

employees are picking and packaging the articlestie Tabula export area, and two

warehouse employees are picking and packaging rtfidea for the Tabula domestic area.

The waiting times are caused by the fact that eswcployee takes part in the traffic of the

warehouse.

Moreover, the conflicting transport flows cause tgam the form of waiting (Kaizen E).
Namely, the inbound dock and the outbound docKkarated at the same place. The flow of
goods goes through the same door; the flow of tkkeming articles (receiving the articles
coming from the external supplier) and de outgaanticles (shipment) are not separated.
These wastes occur in both areas (Tabula exporTabdla domestic). Appendix | shows this
situation with help of pictures.

Second, there is waste in the form of unnecessamements Kaizen B). At this processing
step it occurs frequently that the physical inventia the warehouse is not equal to the data
in the IFS; a discrepancy between the adminis&aitiwentory and the physical inventory.
This leads to extra and unnecessary movements éywtrehouse employees. When an
location is empty or there are not enough artidesthe relevant location the warehouse
employees perform a number of activities. The eygds search on other places (buffer
locations) in the warehouse to find the right #&8¢ go to the production line to see if the
articles are stored over there, ask the planneinformation, and finally the employees look
in the IFS to see if the system is right. Theseaeattivities mean waste of time. To quantify
the number of dissimilarities between the physicatntory and the administrative inventory
the warehouse employees had to score this on dagthform (Appendix J) when the location
is empty or when there are not enough articles hen gpecific location. However the
warehouse employees are not disciplined enougletaedjable results out of this research;
observations show that the employees often forgadcbre dissimilarities on the standard
form. To get a reliable and valid indication of thediability/accuracy of the inventory we
have looked to the inventory count of 2007. Thishis annual count of the whole inventory.
This count shows that on 266 of the 1083 (count@zhtions of the Tabula main warehouse
there are not enough articles. This means a pexgermf 24,56 %. Moreover the count shows
that on 34,16 % of the locations there are stosednuch articles. These data shows that the
inventory of Tabula main warehouse is not reliable.

During the observations we have seen that the wassh employees have to pick from
location higher than the floor stock. The employeage to pick these articles with help of an
truck; lifting to the right tier. The Eaton Lean ssm focuses on eliminating waste in every
operation. In terms of the ELS, lifting is wastethe form of movements. In other words, it is
necessary to avoid lifting as much as possiblendupicking the articles. It is clear that the
process step ‘storage’ has influence on the effayieof order picking. Considering this
explanation it is important to identify whether tlagticles are stored in the right way.
Therefore an diagram is developed that points out many times the warehouse employees
have picked articles from each location. The quyamticked per transaction does not play a
part in this measurement. The question is whetieiatticles are stored in such a way that it
is uncomplicated and efficient for the warehouselegees. Appendix K shows an example
of the diagram. With the help of this diagram wealgse whether the most articles are picked
from the floor stock. The diagram applies to themvaarehouse of Tabula. The paternoster is
left out of consideration, because the paterndsterns own system (parts-to-picker). We have
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analysed the data from 1 January 2007 (from thesnddita was available) until 1 May 2008.
The time period under investigation is 16 monthse @ata is coming from IFS.

Articles that are stored on the first and secoaddre situated on floor stock. The warehouse
employees can pick these articles in a simple Wayvever the employees have to pick some
articles (the long and heavy ones) from these imeatwith a truck. This means a small lift
time. We can conclude that the articles on flooclstwill cost the least time to pick them.
Therefore it is necessary to look at the statighes tell how many transactions (out of the
total transactions) are done from these locatibmghis way one can get a good indication of
the storage method that is used within this warsbotiable 5.1 shows these statistics per
aisle.

Aisle number % Transactions from floor stock
1(A-A) 60,41
2(B-C) 74,19
3(D-E) 68,05
4 (F-G) 72,94
5(MH-1) 70,96
6 (J—K) 52,38
7(L-M) 82,74
Table 5.1 % Transaction from floor stoc

The average percentage of the total transactionsfdhe ‘floor stock’ in the main warehouse
Is 68,76%. It is impossible to store all the aetclon floor stock, because of the available
space in the warehouse. The result in aisle nursixers considerable. However, we can
explain this result, because a lot of locationstaimis more than one article, because of the
small size of the specific article. Besides, inaat of this aisle are long and heavy articles
stored. So it is logic that the employees haveit& from higher locations too, because the
articles with the same characteristics are stoagkther. As can be seen in the map
(Appendix D and H) the truck has more space to miovhis aisle to get the pallet out of the
racks. In short, with relation to lifting, we caonzlude that the articles are stored in a good
way.

Also it became clear that the routing of the orgekers is not always optimal. The
warehouse employees crisscrossed the warehouse;isheo system of driving. Besides the
warehouse employees are, because of the pickingeseg (based on the packaging method),
picking by row. The consequence is that the em@sy@re moving back and forth in the
(narrow) aisles. Because of this, it impossibledtirer warehouse employees to pass by this
warehouse employee in the aisle. Appendix H showsxample of the routing of a pick tour
in the form of a spaghetti diagram.

Another problem in the current situation, that &t a result from the Value Stream Map, is
the inflexibility of the Tabula export and the Tddwlomestic area. Chapter 4 described the
differences between the two areas. The main diffexes the different order picking and
order packaging method. This is hampering the Widiiy. Because of the different picking
and packaging processes and standard methods tletomae employees are not used to
work in the other warehouse area. In situationsrejifer instance, the Tabula export area has
to finish the orders for delivery in a very sharhe (often on Tuesday and Friday) it is
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impossible that the warehouse employees of the [@albmmestic area could help, because
these employees do not have knowledge of the stdmdathods of the Tabula export area.
Further, these warehouse employees are performeéigtasks at a different packaging area.

53 Conclusion

Sections 5.1 and 5.2 discussed and analysed théepre and wastes in the current situation.
The key Kaizen events in this report are the wasthe form of waiting times and the waste
in the form of unnecessary movements (caused byetlability of the inventory). This focus
is chosen, because these types of waste causeatheproblems in the current situation (see
Figure 5.1 and 5.2). Chapter 6 describes the pesfesituation; the future state. This chapter
explains what Eaton Electric has to do to achiéwepreferred situation (elimination of the
waste).
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6.  The preferred situation for order picking and order packaging

Chapter 5 analysed the problems (waste activitiesthe current situation. This chapter

discuss the steps that Eaton Electric has to takehieve this preferred situation (elimination
of the waste). Sections 6.1 to 6.5 explains varioygovements to reach the preferred future
situation. Section 6.6 shows the future state m fttrm of a Value Stream Map and 6.7

discusses the change management with respect éorpleyees.

6.1 Create one packaging area

Chapter 5 explains the inflexibility of the warelseuareas. It is an opportunity to merge the
processes and to create one packaging area. Tlaissntleat Eaton Electric has to realize a
main packaging area for both areas at one placthisnway Eaton Electric avoids different
flows of goods through the warehouse and it isezasi help each other in one packaging
area. To merge the processes it is important teldp\a picking and packaging method with
which all the warehouse employee are familiar. Beeaof this Eaton Electric increases the
flexibility. In rush hours (Tuesday and Friday) tarehouse employees can help each other
to finish the urgent orders; the workload is moedahced. This order picking and order
packaging method is explained in Section 6.3.

6.2  Separation of the inbound and outbound

The current state Value Stream Maps shows the waske form of waiting when the order
has to be transported to the outbound dock. Beddugsenbound is on the same place there
are conflicting transport flows. This leads to cesiipn. It is necessary to realize a clear
separation between the flow of incoming goods &edlow of outgoing goods to avoid these
conflicting flows. A possibility is to create an tbound dock next to the current
inbound/outbound dock. Another possibility is teate the outbound on the other side of the
warehouse (on the side of Elatis). In that way Edibectric creates a sort of I-routing.
However, this leads to conflicting flows of goodghwthe warehouse area of Elatis. Beside
this, the warehouse employees have to cover metamntie to transport the complete orders to
that outbound dock.

Underneath (Figure 6.8rea A shows the in- and outbound dock in the currenasion. To
get a clear separation it is a possibility to m@akin outbound dock next to the current in-and
outbound dockdrea B). It is not necessary to build a new building;oafris sufficient to
store the boxes. Therefore Eaton Electric has nove the office; the area next @aoea A.
The arrows show the direction of the flow of gooippendix D shows a map (not on scale)
of the current warehouse area in a more detailgd wa
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6.3  Separate the order picking and order packagingctivities

In the current situation the order picking and pagkactivities are coupled at the Tabula
export area and the Tabula domestic area. This snibah a warehouse employee first has to
pick the articles. Afterwards the same employeetbgmckage these articles. The employees
have to do more than one task. We conclude tha¢ e types of waste in both processes,
mostly in the form of waiting. This has an unfavalhie influence on the effectiveness of the
process. Chapter 5 explained an important caughese waiting times; there is too much
traffic within the warehouse.

To achieve a reduction of the amount of trafficte warehouse (streamlining the process
through elimination of the waiting times) it is agsibility to separate the order picking and
order packaging activities. This does not mean thatemployees only have the skills for
order picking or order packaging. Later on in tlisapter this will be explained. The
separation of the order picking and the order pgickatasks signifies that the picker focuses
only his/her attention to order picking. This meémet this warehouse employee has to travel
to the pick location, has to pick the right artecland has to deliver these articles at the
packaging area. Afterwards this warehouse empldya® to pick again. In short, the
warehouse employee is picking on a continuous babis picker does not have to consider
the packaging method. This is a responsibilityhaf packer. The packer does not take part in
the picking activities. This warehouse employees toaconcentrate only on the packaging
activities. This means that the packer has to dsleethe box, to package the articles in the
right way, to close the box, and to transport tteeento the shipment dock. Chapter 7 handles
the results and problems coming from an experiraéatseparation between order picking an
order packaging.

In addition to the elimination of these waiting &s) the separation reduces the cycle time to
complete an order, because there are working marehguse employees on an order. In the
current situation the sales office has to releaserder, in the case of big orders, a long time
before the actual shipment. Because of the redeyged time/processing time of an order it is
possible to release an order later. In this wayetlaee more articles available to pick. At this,
it is important to release an order at the mombat &ll the order lines are available and
reserved to pick. This has a favourable influencgh® amount of open boxes (see Section
4.3). Because of this Eaton Electric create mare through the order picking and packaging
process.

Another branch of the Eaton Corporation in Birmiagh(Reddings Lane, United Kingdom)

shows that a separation of these tasks has av@osifiuence on the cycle time (reduction)

and therefore the productivity (increase). Beftwe ¢eparation the productivity was 360 picks
per day. After the separation the productivity wWé8 picks per day.

Section 4.2 explained the concept of shipping rkestaln that section it became clear that
these shipping mistakes occur more often thanlestibat are received non-conformed by the
customer. The explained separation could have diyeffect on the amount of shipping

mistakes. In the current situation, because of dbepled tasks, there is one employee
responsible for the amount of articles that ared to the customer. With the stated
separation there is opportunity to build in an @&xioint of control (see Figure 6.1). After the
employee has picked the articles, the packer clsnthis amount. Also this employee can
control whether the picker has picked the rightcke$. Through this control point Eaton
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Electric lessens the chance of shipping mistakée. flle is that when there are shipping
mistakes Eaton Electric has to pay the transpatscdhis is in line with the process of the
back order. Eaton Electric saves costs when theppiag mistakes are reduced.

In the current situation the warehouse employeefonme the tasks subsequently for one
order; order picking and order packaging. Theskstase separated in the future state. At this
it is important that every warehouse employee isilfar with the process of order picking
and the process of order packaging. Therefore HBserio make use of a rotation system; one
week the warehouse employee is picking and ther otleek the warehouse employee is
packaging. A discussion with the warehouse empkogbews that a rotation system per week
will be the most suitable option, because the @rdee released per week. Moreover, it costs
often (in the case of an export order) a coupldayfs to pick and package the order. So it is
more efficient to rotate per week than for exang@eday. Due to this rotation system there is
no totally division of the function. This in lineithr the idea of lean; cross-functional worker
skills. The most important benefit of this rotatispstem is that every warehouse employee
understand how to perform the tasks. Multi-skildployees improve the flexibility. In the
case of illness it is easier to replace the warsba@mployee. Another benefit is that it is
better for the ergonomic circumstances of the wausbh employee; the employees do not
have to make the same movements every week. Besidgesavorable with respect to the
variation in work.

6.4  Supervisor warehouse

The warehouse employees operate on the basis alitgqo the current situation. This means
that at the end nobody is responsible for the aies/ To implement the mentioned changes it
IS necessary to appoint a person (supervisor) whedponsible for coordinating, planning
and managing the warehouse activities. In this wsy company avoids disagreements
between the employees and it is easier to addoessane for the delivered performances. In
the current situation no one is correcting eaclerotbr mistakes or an undisciplined way of
working, because of the equality in the area. Thdisciplined way of working causes
problems in the current situation. Despite theomhtiction of 5S (disciplined approach of the
work place) we can conclude from observations th@twarehouse employees do not follow
the rules/standards the whole day. Furthermoeestipervisor can allocate the tasks to the
employees in the warehouse (rotation system), aoetery employee has the same variation
in their work. Moreover, the warehouse employeegehthe possibility to address the
supervisor when there are problems in the warehdosie current situation it is not clear
which person the employees have to address ingmrobituations.

6.5 Inventory reliability

The inventory count of 2007 shows that it occuegjfrently that the amount of articles that is
registered in IFS is not equal to the actual amadithe physical inventory. In other words,
there is frequently a discrepancy between the adtrative amount and the physical amount.
This is hampering the effectiveness of the ordexkipg process. In our opinion it is
impossible to get an efficient and effective preces the warehouse when this inequality
occurs regularly. Besides, when the article is aatilable to pick, pack, and ship the
company has to back order that article. This meaitis costs in the form of transportation.
So the inventory levels have to become more reiabld accurate. In this way the company
can achieve shorter cycle times and therefore laehilgvel of customer service (deliveries on
the date as agreed).
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To improve the accuracy and reliability of the intay it is good to implement the concept
of cycle counting. Cycle counting signifies tha¢ tffwarehouse) employees have to count the
inventory periodically. This means that the cougtof the stock can take place every day,
week or month. It is not necessary to count evieng tthe whole inventory. This takes too
much time. It is essential that these countingvdes do not disturb the daily tasks. Besides
it is not allowed to count during the picking adirs. At that moment the adjustments to the
guantities in the system have taken place alreatlile the physical inventory is changing.
For Eaton Electric is it relative simple to intraduthe concept of cycle counting, because the
system in the barcode scanner has an option tot ¢aupart of) the inventory. In this way
Eaton Electric can obtain the results of the cawiat quick way.

Counting a fraction of the inventory can help t@leate the accuracy of the inventory. A
more accurate inventory reduces the chance onngiaki unreliable locations. This fraction
has to be determined before. In this way the resiptsn employee(s) can make (small)
corrections to equalize the administrative amoarthé physical amount that is situated in the
warehouse. The most important benefit of cycle tiagris, however, that it helps to find the
source of the error; what is the cause of the miigsiity? It is important to treat the disease
(the cause) and not only the symptoms (discrephetiyeen the administrative inventory and
the physical inventory). With the help of cycle oting Eaton Electric has the opportunity to
find the cause of the error, because the time latwiee current count and the previous count
is not long. In this way it is easier to searchlgbeected, with the help of the history of that
relevant location, to the cause of the discrepancy.

As said it is not necessary to count the whole ntwg/ every time. The raising question is
which parts of the inventory have to be countedyodd possibility is to make a distinction

between the importance of the articles. The mopbmant articles (the fast movers) have to
be counted more frequently than the relative leggsortant articles. With help of an ABC

finished goods inventory analysis Eaton Electrio cacognize which article numbers have
the most importance. Below, the ABC finished gomdentory analysis is shown.

ABC finished goods inventory analysis

To classify the articles in A, B and C groups wekenase of Pareto’s law. The ABC analysis
can help to identify which articles are importaot Eaton Electric. As mentioned in Chapter
3 there are several criterions to divide the a$icto their importance. In this report the
importance of the articles is classified basedh@mamount of transactions (fast movers vs.
slow movers), because this is an important aspmcthie order picking process. In other
words, the percentage of the total articles thptegent 60 to 80% of the activity of the

warehouse, measured in terms of total lines picR&(L analysis implies, with relation to our

investigation, that about 10 to 20 % of the inveptarticles accounts for approximately 60 to
80 % of the total number of transactions out of itheentory. As mentioned 1002 different

articles (based on data of 01-01-2007 to 01-05-pG0@ stored in the finished goods
warehouse of Tabula and there were 87,478 transacin these 16 months. Figure 6.2
shows the ABC finished goods inventory analysis.
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Out of this diagram and the related table we havanarily based on theory, made the
following classification:

A) About 20 % articles of the finished
goods inventory accounts for approx.

ARBC Finished Goods Inventory Analysis

120

62% of the total number of
transactions. This means that 203 _

different articles belong to the A-

group. ®
B) Moderate picked articles, about 30 %

80

of the articles in the FGI, accounts for§
approx. 29 % of the total number of .

transactions. This means that the B-

group contains 298 different articles. @
C) Low picked articles, about 50 % of the

articles in the FGI, accounts for cecsccecasveses ccisiacse FEfcosBast
approx. 9 % of the total number of
transactions. This means that 501 Fiaure 6.1 ABC Finished Goods Inventol
different articles are classified as C
articles.
It is necessary to make a comment with respedtaset ABC groups. The classification of the
articles is based on data from 1 January 2007 uiriley 2008. So this classification is valid
at this moment. It is for Eaton Electric importantidentify from time to time which articles
are the most important. In the future the relatmportance of the articles could change.

Besides cycle counting there are two possibilittes Eaton Electric to control the
accurateness of the inventory. These possibildaresuseful in times of pressure. The first
method is to control only whether the (right) degcare stored on the right location. In this
way the warehouse employee does not have to cboenamount of the articles and saves
time. Another less time-consuming counting todbisnake use of a so-called empty location
control. This means that the employees have tor@oohly the locations that are empty
according to the IFS. In this way it is possiblegad in a quick way an indication whether the
information in the IFS is correct.

In addition to the introduced concept of cycle doum another implementation can help to
improve the reliability of the inventory. As stated Chapter 4 the employee who is
responsible for storing the articles, performsdutivities manually. The employee does not
use an electronic tool. In the current situatiom ¢éimployee has to store the articles based on
his experience and knowledge. This can lead toteniional storing mistakes. A barcode
scanner would be an improvement to get the invgntoore reliable. This tool makes it
possible to perform the tasks in a faster way. Haurhore, the barcode scanner shows the
location of the article. This avoids possible nist of the employee. Therefore the barcode
scanner improves the accuracy of the administrativentory as well. The employees, who
are storing the articles, have to scan the aréinkk the location to be sure that the articles are
stored on their dedicated location. When the deekcdocation is completely filled with
articles, the barcode scanner has to show therbloffation. When this location is also not
available, the barcode scanner has to show a ramddniocation in the warehouse. It is
important to store the articles directly on stobkcause else the articles become obstacles
(Appendix L). This is hampering a streamlined flawthin the warehouse. In addition to this

it is always important to book the article admiragve. In this way the system (IFS) knows
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the destination (location) of the article. It isestial to know on which location the articles
(and in which amount) are situated in the inventdilyis contributes to a more reliable and
accurate inventory.

6.6 The future state

The Value Stream Map in Figure 6.2 shows the futstage of the order picking and
packaging process based on the changes explairgettion 6.1 until Section 6.5. The future
state is a wishful (idealistic) thinking situatiamp waste in the process. Eaton Electric uses a
cyclus of 90 days. After this cyclus Eaton Elect@n decide if other adjustments are needed
to achieve the future state; the company is focasedontinuous improvement. The times in
this Value Stream Map are based on an average texiar (contains 32 order lines) in view
of the experiment in Chapter 7.

Order Picking & Packaging process
Tabula Export & Tabula Domestic
Future State
Made on: 30-07-2008 Developed by Ruben Rouhof

IFS/Sales Office

=
arehouse Riding to Return to Deliver the
Review pick N . Data Pick the Lift to the the articles on Inventol
883 —y —y! ry|
DK location ﬁzgt'%: Lift =¥ collec:/tim/ ™lright articles|] | ground floor| | packaging || the right |
area place
A Loop

L

1280’ s ﬂ 93s ﬂ 60's

|

‘ Review the Build the right Count and Fill the box Print and Transport Return to
order: box (TE) / get with the right Close the fasten the order to the the

Quantity and ™ the right ) C(;r:i;'glet:e articles in box — packing list ) shipment | packaging
kind order pallet (TD) the right way on the box dock area

‘ 60 s ﬂ 300 s ﬂ 1277 s 270s ﬂ 180 s ﬂ 45s ﬂ 30s

Figure 6.2  Future state Value Stream Map; Tabula export & eltin area warehouse

The most times of the processing steps in thigdéustate are the same as in the current state.
The separation does not affect the time of thesmgssing steps, so these times are
transferred to the future state. To calculate itme to count the articles at the packaging area
we assume (based on observations in the experimeatChapter 7) that this takes 5% more
time. The processing step ‘deliver the articlesr@nright place’ (fixed place in the packaging
area) takes average 20 seconds. Moreover, thegsiogestep ‘weigh the order’ is eliminated.
The reason of this elimination is that Eaton Elediras decided to replace the trucks. The
new trucks will contain the function that can weitje order directly; weighing the articles
takes therefore no (extra) time.
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The future state Value Stream Map shows that thetenia the form of waiting is eliminated.

In the current state (export) the cycle time foraaerage order was in total 5145 seconds.
This means approximately 86 minutes (see Figurg 4n7the future state the warehouse
employees (the picker and the packer) are workingh@ same moment; one warehouse
employee is responsible for the picking activitesl one warehouse employee is responsible
for the packaging activities. The total cycle titogpick and package an average order is 3682
seconds (approximately 61 minutes). At this thdecyicne to pick this average order is 1520
seconds (25 minutes). The time to package an awvematpr is 2162 seconds (approximately
36 minutes). The total eliminated time is 1463 selso This means that Eaton Electric saves
about 24,4 minutes per average order. Per weelath@aving of 20 hours. In the light of the
productivity in the current situation (7 order lgnper hour) this means that the warehouse
employees can pick 140 order lines more. This lieha$ a positive influence on the metric
‘not picked’ (see Figure 4.6), because the warebamployees have more time to pick the
reserved order lines. Because of this the warehagsgities can improve the On Time
Performance of Tabula.

6.7 Change management

Within Eaton Electric (also in the warehouse) thare working people, who have been
working for a long time with the same method of king. After conversations with different
employees it became clear that some people arél &fva changes (resist changes). To
achieve the future state it is necessary that ewveolved (warehouse) employee is aware of
the change; Eaton Electric has to create supporthfo changes, so that the employees are
accepting the changes. At this, it is important ti@ only the warehouse employees that are
responsible for the order picking and order paadkaggire involved. Also, for instance, the
employees who are responsible for the inbound havge involved in these changes. The
changes affect also their working-method. Therefbie important that the management of
Eaton Electric makes the reasons for the changes t the employees. It is good to talk and
discuss with the employees about the problemstiegutom the current working-method. In
this way Eaton Electric can explain the reasonsnoethe changes. With help of trainings
Eaton Electric can show the benefits of the chafigethe company as a whole, but also in
the perspective of the (warehouse) employee.

6.8 Conclusions

This chapter explained the preferred situationtumson without waste. To achieve the future
state, as illustrated in Figure 6.2, we suggedteddllowing changes to improve the current
situation:
- The creation of one packaging area to become nexiblie.
- A separation of the inbound and outbound to avoitflcting transport flows.
- A separation of order picking and order packagmegliminate waiting times and so
increase the productivity.
- The introduction of cycle counting to achieve moe&able and accurate inventory
levels.
- The appointment of a supervisor in the warehouse

Chapter 7 will explain the results coming from ape&riment of a suggested improvement;
the separation between order picking and ordergmng.
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7. Experiment of the separation between order pickig and packaging

Chapter 6 explained the future state of the ordekiqy and order packaging process. The
most important and intensive improvement is theasspon of the order picking and order

packaging process. Before Eaton Electric can impignthe mentioned changes it is

necessary to investigate whether the separatigheobrder picking and packaging activities

are useful and appropriate. Within Eaton Electnier¢ is a change culture; the company is
always open to new ideas that can improve the psoceherefore we decided, in dialogue
with the management of Eaton Electric, to inveséighe future state (separation of order
picking and order packaging) by means of an expartmSection 7.1 explains the objective
and setting of the experiment. Section 7.2 disa8sproblems and possibilities and Section
7.3 explains the productivity of the separationnetn order picking and packaging.

7.1  Objectives and setting of the experiment

The objectives of this experiment are:

- to see what lessons can be learnt during the besbother words, what are the
problems/potential mistakes and what are the pitis of a separation between
order picking and order packaging.

- to examine the productivity of the separation.

To test this separation it is good to involve trerethouse employees in the experiment. These
employees are working with the order picking andkpging process all the day, so it is
necessary to identify how these persons percea/elthnges.

In the experiment there is one warehouse emplogggonsible for the picking activities and
one warehouse employee responsible for the padkagitivities. Figure 7.1 shows how the
packer is working in the experiment. The two pidégallets next to the box are used to put
on the picked articles; the picker has to put ttirclas on one of these piles of pallets and
packer finally packages the articles in the box.

A, B = fixed places to put
on the articles

Figure 7.1 Layout packaging area in the experiment
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We have to remark that the test environment ioptitmal though:
- The employees, who do not participate in the expent, are still working with the
‘old’ method.
- The layout in the test is not optimal; one parthaf packaging area is constructed for
the test, but the other part is used in the old.way
- The inbound and outbound are not separated inutrert situation.
- The warehouse employees are not used to work wathar system.

Given the limitations of the test environment wedvahosen to test the future state with the
Tabula export area. Because within this warehousa there is more space and there are
more physical possibilities to imitate the fututats. The possibilities in the Tabula domestic
area are not sufficient to perform a good experimen

7.2  Problems and possibilities

The most important objective of this experimentoisdentify potential errors and problems.
These errors have to be solved before Eaton Eezn implement the change.

The first problem is the available space. To penfdhe tasks in a streamlined way the
warehouse employees need more space in the pagkagw#a. During the pilot study it
became clear that the operators, especially theepchave to manoeuvre to put the pallet
with picked articles on the right place. This liedtthe space for moving and so a streamlined
process. Section 6.1 explains the possibility eatx one packaging area for both processes
(Tabula export area and Tabula domestic area). Wishpossibility in mind it is clear that is
necessary to create more space. A possibility renmove the office at the side of the Tabula
Export packaging area to create the main packamieg at this place. Section 6.2 explained
already that it is necessary to remove the offceealize the recommended place of the
outbound dock.

A second problem is the system in the barcode srafmthe current situation one warehouse
employee uses one barcode scanner to perform $ke. tln the future state the tasks are
separated. Since the packer has to count theesriatlthe packaging area it is necessary that
this warehouse employee knows how many articlegeayeired to complete the order in an
accurate way. This means that the picker has taus#code scanner and the packer has to
use a barcode scanner. At this, a problem comeketdight. The system in the barcode
scanner is namely not live; the system is not wgman a continuous basis. For instance,
when the picker has picked an order line it doesappear on the barcode scanner of the
packer. Because of this in the experiment the piake packer communicate with each other
to get clear how many articles there should behandrder. This can cause mistakes. It is
better to rely on data in the IFS. This is moréat#é and it streamlines the process, because
the packer does not have to ask the picker aliitine.

The start point of the experiment is that the Bsiof one order go in one box. Sometimes the
order is so big that the packer needs more boxiestefore we have also investigated the
possibility to work with two boxes at the same tintteis hamely possible that the articles
(order lines) of the order are not suitable to beipto one box. The customer wants to know
the content of each box. Therefore it is essefttia the right articles are going in the right
box. In the experiment this work system causeslpno®. The packer has to keep in mind
which articles are put in the which box. To avoidstakes it is recommendable to put a
barcode label on the box before the warehouse gmplstarts with packaging the articles.
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Before the packer can put an order line in the thexpacker has to scan the barcode label on
the box and the barcode of the article. In this weeysystem in the barcode scanner registers
the content of each box. This is more reliable ttrenmemory of the responsible warehouse
employee.

The picking sequence in the barcode scanner i®pionhal. In 2007 the Tabula warehouse
areas started to use the barcode scanner. In thisecof time some locations were changed,
but this is not adjusted in the system of the bdecscanner. To achieve a streamlined process
it is necessary and essential to make these adjastniro get the order picking process more
streamlined it is necessary to make these adjussnes) soon as possible. Another issue
related to the barcode scanner is that the warehemployees could only see the order lines
that are reserved for picking. The order lineshef order that are not available to pick are not
programmed in the system. When starting a new pttier warehouse employee does not
know what the total order is. Therefore it is pbksthat the warehouse employee assembles a
little box instead of a big box, because the wanskeemployee does not know the order lines
of the order that has to be shipped.

The third issue is the equipment of the packagiren.aln the experiment the warehouse
employees used pallets to construct a fixed plagaut on the picked articles. These pallets
are hampering the flexibility of the warehouse emgpks during the packaging activities.
Because the warehouse employees have to move atbersbx it is necessary that in the
future state these pallets are replaced by movetdiikes. This is favourable for the

ergonomic circumstances of the warehouse employdes.warehouse employees do not
have to carry the articles anymore. Moreover, lier warehouse employees it is more simple
to put articles on the moveable table. The piléepmlare namely statically, so with the more
dynamic moveable tables it is easier (it comesess Iprecision) for the trucks to bring the
articles on the right place.

In the performed experiment the balance betweerttier picker and the order packer was
good. However, Eaton Electric has to take in actdbat every order is different. It is
impossible to get a total alignment between thevities of the picker and the packer. If the
order contains long and heavy articles it is impmedor the packer to follow the picker in a
synchronous way (easy to pick, but hard and heavyatkage). In that case it is better to
have two packers and one picker. Therefore it semtsal to review the order (in the case of
orders with many order lines), before the warehamployees start to pick and pack. Eaton
Electric has to be flexible with relation to thispect. At this the appointed supervisor can
play an important part; manage and assign peoptbedasks. Also during the warehouse
activities.

7.3  Productivity

As mentioned before, the results of the experinagatnot 100% reliable to asses the future
state. However, the results give an indicationhé separation is effective. The necessary
conditions are not available already, the ordeesvary different from each other, and it is

necessary to take the learning effect in consigeraio perform the tasks in a streamlined

way it is clear that the warehouse employees gt tsthe new work system.

During the experiments that are performed we alsasured the productivity; the number of
order lines that are picked during that periodiofet To compare the current productivity
with the productivity in the experiment we get adication if the productivity is increased.
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The first experiment is performed to determine efuissetting. To observe, make adjustments
to the start setting, and to discuss with the imedlwarehouse employees an appropriate test
setting is chosen (see figure 7.1).

The productivity is measured during the experimehtd are performed. Table 7.1 shows
these results.

Date # Minutes # Orderlines
11-8 60 23
12-8 60 26
12-8 84 38
14-8 50 25

Table 7.1 Productivit

The results of the experiment show that in the rswation the responsible warehouse
employee has picked average about 26 order linesqe. The productivity in the current
situation (one warehouse employee is picking arukauging) is about 7 order lines per hour
per employee. This means 14 order lines by two aarse employees. Based on these results
the productivity is increased with 85,7 %. The @agkg time does not change significant,
because the activities the warehouse employeeohaerorm are the same in the current and
future situation.

7.4 Conclusion

Based on Chapter 6 and the experiment, Eaton klebas to meet some essential
preconditions to achieve the future state; thegoredl situation:

- Change the current layout of the warehouse:
- Create more space to realize one packaging area
- Separate the inbound and outbound
- Get all the involved employees aware for the change
- Appoint a supervisor for the Tabula warehouse
- Update the system in the barcode scanner
- The system has to be live
- The picking sequence has to be updated
- All the order lines of an order has to be available
- Get the right equipment for the packaging area

If al the conditions are met, the order picking @adkaging activities can be separated. This
will result in a productivity increase.
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8. Conclusions and Recommendations

This report has showed the research to improverither picking and order packaging process
of the Tabula export area and the Tabula domesta. arhe problem definition of the
research is:

“How can the current order picking and packaging process(es) be improved?

This chapter summarizes the most important resutts help of the research questions (see
Section 2.5). Section 8.1 discusses the conclugimstsare coming from the research and
Section 8.2 gives recommendations on the bastsesktconclusions.

8.1 Conclusions

The Value Stream Map, a key instrument of the E&an System, is an useful instrument to
analyse current processes within a company. Witp bethis instrument it is possible to

identify the non-value added (waste) activities himt a process; define Kaizens
(improvements) to reach the future situation. Idiadn, the key performance indicators gives
an indication of the performance of the processes.

The current Value Stream Maps show the non-valdedactivities of the order picking and
order packaging process of the Tabula export andatee Tabula domestic area. The causes
of these waste activities are not only relatecheodrder picking and order packaging process.
Also the warehouse process steps, receiving therialat storage, and shipment affect the
order picking and order packaging process.

Through thorough observations, it became clear tiatwaste activities are mainly in the

form of waiting. Measurements show that a warehamployee has to wait approximately

40 minutes each day. These waiting times are shdtref two main causes:

- The amount of traffic; there are too much employeke take part in the traffic. This
leads to congestion within the aisle, packaging,aaad the balance.

- The inbound and outbound are not separated. Thigltsein conflicting transport
flows.

Another type of waste that is identified is movemeéFrhe inventory of the Tabula main

warehouse is often not reliable and accurate; timeirgstrative inventory is not equal to the
physical inventory. The inventory count of 2007 wkd that on 59% of the locations the
physical inventory is not equal to the administratinventory. This leads to search activities
at the buffer, production line and other placethawarehouse.

The preferred situation is an order picking and kpgmg process without
activities/processing steps that do not add vaduiaé process; a process without waste. The
possibilities to improve the order picking and pagikg process and to achieve the preferred
situation are shown in Section 8.2.
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8.2 Recommendations

Based on the analysis of the problems/waste desviive recommend Eaton Electric to
follow the next recommendations to achieve a méfiectve and efficient order picking and
order packaging process.

Eaton Electric has to create one packaging aresh®iTabula export area and the Tabula
domestic area. This increases the flexibility o twarehouse, because every warehouse
employee is familiar with the work method. Becao$éhis, there is the possibility to help
each other in times of pressure (deadline pressuegnly on Tuesday and Friday). This
results in a more balanced workload.

Moreover Eaton Electric has to separate the inb@mtbdoutbound. This avoids the chance on
congestion, caused by the conflicting flows of iflgound and outbound. We recommend to
create the outbound at the side of the currentuntutbound dock of the Tabula export
area. In this way the warehouse employees canpivanthe orders in a quick way to the place
of the actual shipment.

To become more flexible it is important that evengployee is familiar with the order picking
and order packaging process. To eliminate the mgatimes Eaton Electric has to separate the
tasks of order picking and order packaging. Thizas&tion results in less traffic and so a
more streamlined process. Besides the cycle timenabrder is decreased with help of this
separation, because of the eliminated waste irfotine of waiting (approx. 24 minutes for an
average export order) and the fact that there ame ipersons working on an order (at least
one picker and one packer). This has a positiMeente on the availability of the articles.
The sales office has the opportunity to releaserder (pick list) later on, so that there are
more articles available and reserved to pick. Slisamlines the order picking and packaging
process. Also it affects the On Time Performance ipositive way; there is more time
available to pick the reserved articles.

To achieve a more reliable inventory we recommemdntroduce the concept of cycle
counting. This concept helps to find the sourcetha&f dissimilarity between the physical
inventory and the administrative inventory. BesidEston Electric can adjust the
administrative inventory to get a more accurateeimgry. It is a good opportunity to couple
the counts to the ABC analysis. This means thaatheles are classified to their importance;
the most important articles (A group) have to banted more often than the less important
articles (B and C group). In addition to this,gtimportant that the warehouse employee, that
is responsible for putting the articles on stockesia barcode scanner. This avoids storage
mistakes and it makes the inventory levels monablkd, because the system knows exactly
which and how much articles are put on stock.

Before the warehouse can operate in a streamliregditvs important that Eaton Electric
meets the following essential preconditions:

Get the involved (warehouse) employees aware of thhanges

It is important that all the involved (warehouse)ptoyees are aware of the changes. The
employees have to accept the changes. Therefressential for Eaton Electric to show the
problems in the current situation. In this way Batelectric can explain why the different
changes are necessary to get a more streamlineegsto
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Appoint a supervisor for the Tabula warehouse

The appointment of a supervisor is necessary todowate, manage and control the activities
in the warehouse. The supervisor has to ensureltbamployees perform the tasks in a good
way; the supervisor is responsible for the perforoeaof the warehouse. At this, the
supervisor is responsible for the allocation of theks. In addition, the warehouse employees
know who to address in problematic situations.

Create more space

Experiments show that there is too little spacetha current situation to perform the
packaging activities in a streamlined way. To mabne packaging area for the Tabula export
and Tabula domestic area it is necessary to create space. Because of the fact we have
recommended that the outbound in the future state bs situated on the side of the
packaging area of the Tabula export area it isntiséeo remove the office. This removal
makes it possible to create an exit (outbound)ttier outgoing orders and creates space to
realize one packaging area.

Update the system in the barcode scanner

The current system in the barcode scanner doesneet the (necessary) requirements to
separate the order picking and order packagingiaes. The system in the barcode scanner
has to be suitable to perform the packaging a@#iin a good way. In addition to this, it is
good to pick per aisle instead of picking per r@we system in the barcode scanner has to be
adjusted to achieve this way of picking. In thisywgaton Electric creates one flow through
the aisle. This means that the picker visits epérk location within the aisle at the end of the
concerning aisle.

Get suitable equipment to perform the (packaging) etivities in a good way

To perform the order packaging activities in a gaealy it is necessary to have the right
equipment. In the future state the packers needeafne tables to be more flexible. In the
experiments we used two piles of pallets to puttan articles. But the employees have to
move around the box, because the box has to led fill an efficient way. Considering the
ergonomic circumstances it is essential that thel@yees have to carry the articles as less as
possible.

Introduce the rotation system in the warehouse

The introduction of a rotation system promotesftaeibility of the order picking and order
packaging process. Through rotation of the taskdefopicking and order packaging) every
employee is familiar with the working-method (crdsactional worker skills). In the case of
illness it is easier to replenish that employeeabse all the employees know how to perform
the tasks.
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Sources of Eaton Electric ApS

- Integrated Facility System (IFS)

- Intranet (JOE)

- Several company (Eaton Electric) documents reletedde warehouse processes
- Value of the warehouses
- Actual worked hours
- List with the picking sequence
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List of abbreviations and glossary

Abbreviation

Word

Explanation

Class-based storage

A storage policy by which the

articles in the warehouse are stor¢d

in divided zones

EBS

Eaton Business System

ELS

Eaton Lean System

One of the essential insintsrod
the Eaton philosophy that focuseq
on eliminating the waste of all
business processes. The Eaton L¢
System consists of the following
instruments: Value Stream
Mapping, 5S, Standardized Work
Total Productive Maintenance,
Error Proofing, Set up Reduction,
Continuous Flow, and Pull Systenp

U

EQS

Eaton Quality System

A company philosophy whith
goal to create a high-performance
culture in all levels of the compan

ERP

Enterprise Resource Planning

Large, sophisticatftware
systems used for identifying and
planning the enterprise wide
resources needed to coordinate ajl
activities involved in producing anfd
delivering products.

Fast movers
Slow movers

SKU Pareto; articles that have to p
picked often.

FGW or FGI

Finished Goods Warehouse or
Finished Goods Inventory

A type warehouse where finished
articles are stored

FIFO

First In First Out

The orders that are plafiesd by
customers are picked/served first

Heuristic

A science that wants to come to
conclusions on the basis of
methodology

IFS

Integrated Facility System

The Enterprise Reso$ystem of
Eaton Electric. A software packet
that is supporting and integrating
the different software in the
different business processes. In @
packet the functions of the
independent systems will be
integrated, making use of a
database

JOE

The name of Intranet within Eatoh
Electric

Kaizen

Kaizen is often synonymous with
Kaizen event. This event means
that there are opportunities to
improve that part of the process,

Report by Ruben Rouhof

-50-

e



Improving order picking and order packaging at Eaton Electric ApS

e.g. streamline the processes

OEM

Original Equipment Manufacturer

This is a compé¢hat delivers
products on behalf of a brand
supplier

Order line

An order line is also called ‘articlg’
or ‘SKU’. Number of lines means
the number of different articles in
an order. An order line can consig
of more than one articles (quantity

~ T

OTP

On Time Performance

The percentage of ordelex/or
lines that are delivered, in
conformity with the agreement, to
soon or on time.

A=)

PPM

Parts-Per-Million

An unity to show data
(1/1000000)

Random storage

The basis of random storage is that

an article could be stored randomly
in a warehouse

Rest order A rest order contains order lines
that were not available to ship with
the actually order

SKU Stock Keeping Unit See ‘Order line’

Tombstone A symbol in the Value Stream Mpp
to show waiting times.

VSM Value Stream Map A ELS instrument that visuadiz

three flows to identify
improvements: the product flow,
the material flow, and information
flow. This map can identify the
potential non-value added (NVA)
or waste.
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Appendix A Reflection

In this appendix | will give a reflection on thejettives | have drawn up in my preparatory
report. In this report | made a distinction betwedngectives of Eaton Electric and personal
objectives.

Reflection on the objectives of Eaton Electric

The objective of Eaton Electric was to investig#te possibilities to improve the order

picking and order packaging process of the Tabxieme area and the Tabula domestic area.
These possibilities/opportunities have to resuka imore effective and flexible order picking

and order packaging process. The report showd thateloped opportunities to improve the

current order picking and packaging process. Tiselt® (see Chapter 8; Conclusions and
recommendations) coming from the research were stiaring a (PowerPoint)presentation

to the management team of Eaton Electric and thelved (warehouse) employees. | am

convinced that Eaton Electric can benefit from ¢hecommendations.

Reflection on the personal objectives
- To apply in practice the theoretical concepts | have learned

In my bachelor study Business Administration | ggddmany theoretical concepts
about several domains. Eaton Electric offered nee dpportunity to apply the
learned theory in the domain of the logistics. Dgrihe internship | have learned a
lot about the tools and instruments (of the EatearLSystem) that is commonly
used within the Eaton Corporation. These tools iasttuments were totally new
for me, so it was interesting to lose myself insihéheoretical concepts and to
apply these concepts in practise. Furthermore, pliepp several theoretical
concepts in practise that | have learned in my ystatl the university. | can
conclude that the theory is not always totally amectly applicable in practise.
The situation in practise is always different, s yhave to apply the theory in
such a way that is relevant and valuable for thecifip and practical situation.
This was sometimes difficult, but | have learnddtaof it.

- Learn to work together with other people in the organization; learn to work in a
team

To perform this assignment in a good way | havekedra lot together with the
warehouse employees. From the beginning these gegdoshowed me their
working methods. | also had a lot of discussionshwhem about the main
problems in the current situation and how theseeh@use employees perceive
these problems. Besides | had a lot of convenmsaitigith the management of
Eaton Electric that is responsible for the actatthat take place in the warehouse.

| have learned a lot of these discussions/conversaend | can conclude that is
good to work with other people in the organizatibnthe first place to exchange
ideas with people to know and learn about othespmatives on an issue. This can
lead to a new view on specific subjects. Moreowemy opinion team work leads
to synergism. At the end of the internship it warno see that other employees of
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Eaton Electric ask me for help on certain warehdasees. In my opinion it is
pleasant to help other people when you have kngeled that specific domain.

Teamwork; the employees of the Tabula warehouse

- To become more critical in general about all kinds of information reaching me;
processing information in the right way

During this internship a lot of information reachetk. The first period of the
internship | have learned about the work methodsth&f operators in the
warehouse. These warehouse employees explained whgi of working. But
sometimes the information of the employees arelicting with each other. This
means that is not good to take these informatiogfanted from the first moment.
Therefore it was often necessary to control theemivnformation; ask other
(warehouse) employees for this kind of informatmmask the same employee
once more for the information.

Also | made use of data out of the Enterprise Reso®lanning, that is named
IFS. | have learned that you have to check theda da completeness and
correctness. Besides it is essential to checkdlmilations. It is necessary that the
calculations are reliable, otherwise it is impokestb do pronouncements about the
results of it.

- Make a truly contribution to the organization and her project
This objective is already explained at the headieflection on the objectives of
Eaton Electric’.

Report by Ruben Rouhof -55-



Improving order picking and order packaging at Eaton Electric ApS

- Improve the English language; both in speaking and in writing.

Students of the University of Twente have two pafises to perform their
assignment, namely intern and extern. Intern mehas students perform their
assignment within the university.

Extern signifies that students perform their assignt outside the University. |
have chosen for the last option. At this, it waprerity to go to a (English-
speaking) foreign country, because | wanted to aw@my English.

Eaton Electric is a global company and there arekiwg a lot of nationalities
(Danish, Dutch, English, American). The common lsage in the company is
English. To perform the assignment it was necestawyork together with other
persons in the company; both the management andatehouse employees, so it
was necessary to speak English. Also | had to ptesgy report for the
management team of Eaton Electric and other persowslved with the
assignment. It was the first time to do a presanriah English. In the beginning it
was strange to talk the whole day in English. Sameetit was difficult to make
things clear to persons, but after a while | gotengsed to the English language so
that | could say what | intended. | think my oralge of the English language is
actually improved.

Because Eaton Electric is a global company | hadrite my report in English as
well. This was a more difficult task for me thansjgeak in English. The problems
were mainly in the form of word order and the wrarsg of words. Despite the
English writing skills are still capable for imprewment | am convinced that my
writing skills are improved. Mainly my English vdmalary is enlarged.
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Appendix B

Organization Structure

Eaton Electric ApS, Vejle

Plant Manager
[ [ [ | | | ]
" Operations/ Production Line
Finance Logistics OPEX HR Manager Sales Tabula Sales MV
Tabula/Elatis
H L L L
Supervisor 686 . . . Area Sales Production
Acc manager Sheet Metal | Superylsor 702 Quality & EHS | | Marketing Management | Management
Elatis Ass
Vacant
Accounting Supervisor Stk | | |Customer Service Safety || Reception Pé?gém?g ol
Salaries & Wages Plannin Supply / Purchase Production Support Tech. Support
— 9 |_L_|Supply Deveopment ElatisH ’
QA
|| MRP Coordinator B
Production Design| |
|| System-
Administrator

ELS Coordinator | |
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Appendix C

The warehouse flow charts
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Shipment Tabula sxport
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Appendix D Rough sketch of the current warehouse
Elatis Tabula
w | e A | 5
&} L ARy e
K ! K
- Packing area [abula export
| -f 4
H i Hl =
G ol
. ¢l
E El |
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B Packing area Elatis materials Packing area Powder Coating

Tabula Domestic materials

Key to symbols

A B, C-N

1
2
3

o O b

Rough sketch of the current warehouse (not to kcale
Developed by Ruben Rouhof

the description of a specific row

inbound articles out of the production line

the paternoster

inbound outsourced articles + outbound (shigrdeck) Tabula export
area and Tabula domestic area

office

packaging materials Tabula export area

outbound (shipment dock) Tabula domestic arehElatis
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Appendix E Example of a pick list

F.-T-N

Eaton Electric ApS  Plukkeliste: 184443 Ordrenr.: V63799 Opretdate:  28-07-08 11:23:14
Ordreinformation

Leveringsacresse. Greenville Electrical Supplies Leveringssted Vejle

16 Cedarhurst Road Lev beting FCA, Excl. Packing

Newtownbreda Factory Lev.made By Sea

BT8 7RH Belfast 1Q-nir .

Estate Newtownbreda Speditar

Vores reference:  Lene Olesen

STORBRITANIEN OG NORDIRLAND Kundeld: 42803

Antal kasser: Antal paller: Antal pallerammer: Antal langpaller: Emb. diverse:
PLUKKELISTE ]

Lokationgruppe: PLUK Beskrivelse: Plukkelckation
Linie  Varenr Antal. Enhed  Varebeskrivelse Lager Reol Sektion Hylde Leveringsd Plukket antal
7 220A3104 1,00 Stk Kapslingsprofil I=4M 883 Fo 22 01 01-08-08
6 220A3204 2,00 Stk Kapslingsprofil I=4M 883 FO 14 01 01-08-08
1 220A3216 4,00 Stk Kapslingsprofil I=16M 883 A0 34 01 01-08-08
3 220A6060 10,00 Stk Sprosse [=6M 883 GO 14 02 01-08-08
12 220E4557 1,00 Stk Grundplade m kant 6x16M 883 P4 18 01 13-08-08 )
11 220E4565 1,00 Stk Grundplade m kant 6x12M 883 P6 00 00 01-08-08
10 22060204 2,00 stk Bekladning 2x4M gra 883 BO 12 02 010808
; 220G0206 2,00 Stk Beklaedning 2x6M gra 883 BO 14 02 01-08-08 o
9 220G0304 4,00 Stk Beklaedning 3x4M gra 883 BO 14 01 01-08-08
8 220G0416 1,00 Stk Beklaedning 4x16M gra 883 HO 16 o 01-08-08
4 220G0612 1,00 Stk Beklaedning 6x12M gra 883 P3 18 02 01-08-08

Slut pa rapport:

Explanation:
This example of a pick list makes clear that issgjale that an order can consist of more than

one order line. Moreover, the pick list makes clbat an order line can consist of a different
number of that specific order line.
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Appendix F Key to the symbols of the Value StrearMap

Information system (IFS)

i

Supplier! Production ‘Supplier of the articles’

H- The number of supplies
O e

Type of warehouse =

arehousg 883 stands for the
883
DK warehouse of Tabula

The flow of information

% Kaizen event

—) The flow of the process
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Appendix G Time observation worksheet

Template (Microsoft Office Excel 2003) to measune processing steps in the process of
order picking and order packaging. In this waysiteasy to measure the average time of a
processing step.

Time Observation Form

Processing step: Observator Date:

Processing

A Comments
time

Nr. Operation 1 2 3 4 5 6 4 8

Information BCS

Ride to the right location

Pick 1

Pick 2

....................................................................................

Pick 3

Pick 4

Pick 5

Pick 6

Pick 7

Pick 8

Pick 9

Pick 10

Return

Package the articles

Total Time

Measuring method productivity of order picking

We have taken data out of the IFS. We have invatstththree periods of a month:
- From 18-02-2008 until 17-03-2008
- From 18-03-2008 until 17-04-2008
- From 18-04-2008 until 17-05-2008

These data can deliver us the number of order linasis picked per day. To measure the
productivity per hour we have divided the numberodder lines by the actual number of
hours that is worked (clock in, clock out). We haa&en the actual hours, because it is
possible that an employee was absent (e.g. sicknéssmeasure the effective hours we
deducted the official breaks. The total durationboéaks per day is three quarters. The
calculation shows that an employee in the Tabuppgxmarket picked approximately 7 order
lines per hour (average 211 kilograms per hour).

Report by Ruben Rouhof -65-



Improving order picking and order packaging at Eaton Electric ApS

Results

Tabula export area

Ride ta Plak Return Package # Ficks
40 16 29 fis] a3 31 55 =]
4 50 26 B3 a6 40 .l ) 3
30 36 45 20 27 28 58 1
15 36 88 B5 18 48 112 1
75 36 | a5 20 53 1
22 Qb 14 & . 23 107 1
18 30 13 27 15 7a 1
15 A 19 1] 40 103 i
S0 25 23 25 | 23 1
20 85 20 7 | T =5 1
25 a5 25 35 23 205 13
40 173 27 28 35 140 1
15 65 a0 47 47 8 1
23 20 18 20 &0 M2 7
44 100 5531 a8 an T3 1
40 25 a0 20 20 20 1
18 25 7 44 55 a0 1
Lol a5 s 18 28 a4 1
i5 45 11 28 18 257 1
18 {00 35 16 24 40 1
30 45 18 48 12 75 1
4 a 30 2} 26 277 132
&5 45 18 16 50 B4 12
32 35 25 35 12 g4 5
=0 35 47 k) 33 100 4
38 30 32 30 24 200 1
3z 85 24 a5 a0 43 5
28 25 14 &d 41 358 4
17 26 52 28 2 3] 1
73 47 29 4B 45 g 1
25 82 =3 28 18 58 1
18 a0 a0 27 25 110 3
15 10 a8 43 14 70 i
47 50 47 58 33 5d 1
a0 38 an 34 &8 225 7
24 23 o 18 22 33 i
41 20 a0 58 26 172 1
15 20 i8 12 32 a7 4
23 15 28 48 42 123 1
30 41 29 42 50 248 &
40 3d 92 34 35 57 1
i85 &5 19 28 22 154 12
44 30 35 25 53 TR 1
15 a7 3 34 23 183 1
16 26 &7 2 2 o 2
20 10 16 13 a7 45 1
10 an =8 6 18 [ii4] 1
&4 27 18 23 23 233 1
18 40 170 4D 47 88 2
34 20 3@ 100 12 83 1
28,06 30 115 1
Average pick  40,02051 2F
31, 48154 5834 134

Averafe package 3788312
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Tabula domestic area

ride to Pick nptum
&2 a5 4% a7 21
35 &h 1 137 &2
0 17 268 1268 47
an L] 145 160 40
a5 114 26 131 {=l4]
20 195 223 197 57
18 16B 33 G2 18
£5 b= 21 42 a5
42 B0 19 3a A4
a4 &3 16 a3 43
36 140 44 45 51
az 120 36 78 30
23 110 25 £d av
18 o] 35 1i2 52
k) 210 a4 3| 36
33 4B& 128 451 84
66 143 33 123 85
KL 145 24 111 BS
3z 125 hG 38
23 210 213 =53 42,83333
&3 45 4z ]
125 74 24
3828571 2B B8 17
i} ar 3m
23 28 113
220 | 74
T3 122 33
8o 25 28
30 138 bl 8
T4 131 207
19 40 51
14 4] 57
45 a 8
50 24 21
15 3| a6
45 466 hd
35 42 20
a0 an 25
40 78 ET
34 22 3
23 07 1598
s a3 74
4 g2 106
a0 129 28
an 106 20
a1 115 52
29 188 126
a7 174 a4
122 71 g4
70 43 '
25 204
54 ag

Average plck §5,33333
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Appendix H Spaghetti diagram

A so-called spaghetti diagram is a helpful methménalyze the routings of order picking.
This a flow charting method that uses a contindmesto outline the path of a part through
the phases of order picking.

The underneath ‘spaghetti diagram’ shows a pick oot of the Tabula export area.
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Appendix | Inbound and outbound not separated

Underneath the picture gives a indication why thhand outbound dock causes waiting times.

The picture shows that the articles en truck(sinfebstacle. Because of this the warehouse
employee could not transport the finished boxeheoshipment dock. This results in finished
boxes in the packaging area. This limits the sjpatiee packaging area (see picture below).
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Appendix J Research to the reliability of the invatory

To investigate the reliability/accuracy of the int@y the warehouse employees have to
score the times that the administrative inventoag \wot equal to the physical/real inventory.
In this way it is possible to identify and quantifye number of dissimilarities between the
data in IFS and the real inventory. This invest@athas a duration of three weeks. At this
every week the forms are changed to know the goereveek. Underneath the score form is
showed. Because of lack of discipline of the empésyit is impossible to use these data
coming from this research.

Empty location Not enough articles | Wrong article on
the location

Not
available

Available
on other
Location

Where?
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Appendix K

Example of storage diagram

Quantity picks per

location Row Rack

A0
TIER 12 14 16 18 20 22 24 26
09
08
07
06
05 9
04 4 5
03 128 50 24
02 117 147 52
01 118 134 49
Total 367 345 125
Explanation:

The numbers in the diagram show how many timesatehouse employees picked from

that location.
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Appendix L lllustration of obstacles

Explanation:
The articles in this illustration causes an obstaclfront of the racks. This is hampering a
streamlined order picking process.

Report by Ruben Rouhof -72-



