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Managemensummary

Tamanis a manufacturing company producing mainly garden furniture. Besides, it produaatety

of products for some companies (B2B products) and products for pets (pet life prodiaisanhas

two production locations. The main office and productameais located inTilburgand the secondary
productionareais located inrHengelo This research is done fdamanHengelo TamanHengelohas

25 machines andses approximately 100 molds psoduce roughly 7.5 million kilograms of finished
products per yar. In 2018, 63% of the total production consisted of garden furniture, 31% of B2B
products and 6% of pet life products.

At this moment,Tamanwants to increase theitycle service leveCSHevel). The CSlevel reflects the

number of orders delivered in tim@&amanwants to increase this from 95.4% &b least98% while
YAYAYATAyYy3a O2adad ! aAy3 | LINRPoftSY Of dledtaStNEI 6S ¥+
and operational productionfpl Yy Ay 3 LINRP OSaad | NBRcadsk thepRcessyfttd & G A Y I
master production scheduléPS is done completely manually, mistakes happen frequently, and it is

difficult to forecast whether a change in the production quantity of an order aadrepted or not.

Ly GKS OdaNNBy(d aAaddz 6A2ys GKS LI FYYySNIYF{Sa | wO
produced on the machines in a certaintime frame: 8 SR 2y (KA & WO2f 2NJ AYlIF 3SQ
scheduledn the ERP systewwf Taman The consequence of a changepmoductionquantity or due

date is very difficult to forecasBesidesthe process of checking the feasibility ofleangedcustomer

order takes a lot of time because each production run hdsetshifted manuallyWe therefore choose

G2 02y aidNHzOG | Y2RSt (KLl sandiieisithéd@iyiprodesétt thalOs € 2 NJ A Y
of increasing the CSevel to at least 98% while minimizing the costs.

To decidewhich kind of model we implement, we lodk the literature at comparable scheduling
problems. We decide téirst use the seriaschedulegenerationschememethod with the earliest due
date priority rule. This method is very suitable becausestilts in a feasible production schedule. We
choose the seriabchedule generation scheme becausdetids to betterresults and requires less
computation time than the parallel variarfKim & Ellis Jr, 2010The earliest duelate priority rule
minimizes lateness which maximizes the €&SEl. Since this is the goal of the new production
scheduling method, the earliest due date priority rule is very suitable.

We now havea feasible production schedule that we can improve.be al# to decide whether a
production schedule is improved, wese an objective function. This function includes the GSkl

penalty costs, inventory costs, and mold change employee costs. Based on these parameters, the
production schedule is assessed and sikbedule with the lowest objective value is the best.

We choose to useimulatedannealing as our improvement method since this metli®dften used in
literature for scheduling problems andsearches for one neighbor per iteratioBesides, it searches
for a global optimum instead of a local optimum which is the case for the more simple heufistics.
search isalsoa popular improvement method for scheduling problems, but becauseettezzution
time of one neighbor is 0.5 seconds, the iteration tingng tabu search becomes too long, since all
neighbors have to be evaluated in tabu search.

To get the simulated annealing method to work efficiently, we determine the paramesmefully.
We choose the start temperature in such a way that 80% of the svoesghbors are still acceptexdt
the start of the cooling schedul&@hen, wado multiple experiments to check th@ighesttemperature
that did not result ina significant improvemen Thereafter, we calculate the number itérationswe
could do by dividig the available time for the heuristic by the duration of ategation. Finally, welo
experiments with different ratios ahe decreasing factor and markov chdé@ngthto search for the

iv
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best combination. Each experiment is run twice to decrease thiatiam of the result§Tablel). Based

on these results, we choose the decreasing factor of 0.9 and the markov chain lengthFajuG21

shows the decrease of the objective function against the number of iterations. Due to the
characteristics of simulated annealing, some iterations lead to an increase of the objective value, but
when the temperature decreases, tipeobalility that a worse neighbor is acceptel@creases

Start temperature End temperature | Decreasing factor Markov chain length  Objective value Objective value

improvement (1)  improvement (2)

1288 8 0.85 96 13.2% 10.6%
1288 8 0.9 62 15.5% 14.2%
1288 8 0.95 30 8.2% 9.3%

Tablel: Searching for the decreasing factor and markov chain length leading to the best objective value

Objective value during simulated annealing
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Figurel: Objective value during simulated annealing

The simulated annealing heuristics resulted in a significant decrease of the objective function by 15.5%.
The CSlevel penalty costsglid not changethe inventory costs decreased with 29.2% and the mold
change employee costs increased with 8.4%ble2 shows the results of the production schedule
before and after simulated annealing.

Criterion Before simulated annealing After simulated annealing Reducedincreased (%)
CSHevel penalty costs 0 0 0%

Inventory costs 57,262 40,528 -29. 2%

Mold change employee cost: 27,300 29,600 +8.4%

Objective value 90,022 76,048 -15.5%

Table2: Objective function parameters before and afenulated annealing

Table3 and Table4 show theutilization level of the situation before simulated annealing and after
simulated annealingper machine group We can clearly see that the situation after simulated
annealing is more spread out over the season. When a delay occurs, due to for examplatesials
that arrived late, this will hae a smallerimpact onthe situation with a more spread out production
schedule, while there is more time for absorbing such a delay.

| 69%)
| 55%|  47%[  17%]
| 5%

Table3: Machine utilization per machine group befagtimization method
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August September|October  |November [December |January  |February |March April lay June July

30 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
50 0% 0% 0% 0% 62% 22% 8% 30% 0% 0% 0% 0%
350 58% 64% T9% 78% 82% 81% 958% 94% T7% 658% 28% 0%
650 41% TE6% 28% 85% 90% 92% 90% 92% T4% 50% 0% 0%
200 3% 41% 51% 53% 61% 71% 88% 61% 63% 39% 23% 0%
1000 46% 60% 86% 81% 94% 93% TE% 72% T7% 56% 3% 0%
2300 97% 98% 96% 92% 96% 94% 85% 71% 86% 87% 95% 25%

Table4: Machine utilization per machine group after optimization method

The model is verified by comparing the results of the production schedule and the utilization overview
of the modelto the expected results by the planner and the plant manager. These results all seemed
to be correct. To validate the model, we want to compare the model with the current situation,
however, this is not possibleith the use ofhistoric data. We thereforenade an instruction manual

to implement the model. This model can ben simultaneously with the current method. Based on
differences and comparisons betwe#re model and the current methqda conclusion can be drawn
whether to implement the model in itsurrent form or that first some changes have to be made before
the model is implemented

Finally,we made some recommendations foaman These recommendations are ordered based on
their priority where the first recommendation has the highest prioritye advise to start performing

point 1 on a regular basis to see the differences in the production schedule and the utilization of the
machines and molds when a customer order is changed. Point 2 has to be implemented on a short
term since it improves the pduction scheduling model and leads to less manual work and therefore
less errors. Point 3 and 4 arecommendationgor the medium term After each point, the function

of the person that has to executedfiask isshown

1. Use the production scheduling rdel to evaluate whether a changed customer order can be
accepted(planner)

2. Improve the data quality

a. Letall B2B customers place their forecasts and orders irfS®¥Pconsultant, planner)

b. Couple each forecast to the corresponding customer that places the forecast. In this
way customers that place larger orders than their forecast do not use the finished
products made for customers that forecast the correct amo{8AP consultant)

c. Contact tle customer whera forecast is not changed tocustomeiorderin time. Give
them the choice to change their forecast in a customer order or remove their forecast
(customer relations)

d. Update the location of the machinesd moldsin time, so production ordes always
arrive at the correct production locatiofplant manager)

e. Reduce the number of variatioper products(plant manager)

3. Considereasing, hiring, or buying a 2300 ton machine. This machine group has a very high
utilization during the whole seasorA delay on one of these machines can have large
consequences for the whole seasfmiant manager)

4. Introduce apreventive maintenancelan forthe most busymachinego decrease the chance
of a breakdown (technical support)

Vi
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1 Introduction

This report is the result of mynaster assignment atTamanHengelo Tamanis a manufacturing
company located ilengelo It produces mainly garden furniture using spi@asting techniquesith
a production of more than.B million kilograms of finished producper year, it is one of the largest
spray casting companies in the NetherlanBsr a company with such a large production outptis
important to have a goodapacity angbroduction planThis research focuses on thevelopment and
implementation of aactical and operational production plannimgethod atTaman

First, Sectionl.1 givesa description of thecontextthat explains the structure of the companthe
basics of spray casting éypes of products made Byaman Section 1.2 continues with the research
motivation. Based otthisresearch motivationywe identifythe core problem with the help of a problem
clusterin Section 1.3Next,in Section 1.4wediscuss the research goal agdope.Then Section 1.5
defines the research questions and their approadfinally, Section 1.6 contains a list with the
deliverables of this research.

1.1 Contextdescription

TamanNetherlands B.V. is a spragsting companwith two productionlocations both located in the
Netherlands The headquartersvith two large production areaslocatedin Tilburgand the secondary
production area is located iRlengelo Tamanis asubsidiary ofRetek RetekA & G KS 62 NI RQa
manufacturer and maeter of resinbased household and garden consumer produBtsamples of
products made byRetekare garden sheds, garden furniture, gardaocessoriesstorage boxes,

baskets and trash cans.

Spray casting is a process that uses pladiets, colorant, and sometimes recycled material to make
plastic productsA mix of hesethree types ofgranules are inserted in the machine via the hopper.
Then, using heater bands and a long reciprocating screw, the granules are heated up and mbged to t
front of the barrel. When the granules are here, the plastic is molten. The screw then pushes the
molten plastic with huge force into the mold where the plastic is cooled down maintaining the
structure in the moldFigure2).

Reciprocating Hopper
screw

Granules

Figure2: Mold casting process

A finished product often consists of multiple parts or sémished products. After all parts are made,
they are assembledio get the finished products. Because this assembly process does not have to be
executed immediately after production, the parts also do not have to be produced simultaneously.

1
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Approximately 69% of the kilograms producedTamanHengelois madefor Retek These products

can be divided in two product groups. The first group are the garden furniture products such as seats,
sofas, loungers and tables meant for outside use. The second group are the pet life products such as
dog baskets and céitter boxes. Besides production f&etek TamanHengeloalso produces for her

own customers. This product group called theBusiness 2 Business produ¢®2Bproducty. The
products of this group are very diverse. A few exampleB2aB productgare wheelbarrows, urns, rain
barrels, andcompost bins. In 2018, 63% of the total production in kilograms is done for garden
furniture, 6% is done for pet life, and 31% is done for.B2B

1.2 Researcimotivation

Currently Tamanis not satisfied with their customer seice level (CSL). The CSL identifies what
percentage obrdersis delivered in time to their customers. This CSL level was 95.4% inR2&&R.
wants Tamanto be at 98% for next year, Skamanhas to deliver more orders on time. A lower CSL
leads to unsatified customers that may start looking for other manufacturers. A higher CSL can lead
to a higher satisfaction level of customemshich can lead to larger orders ambtentially new
customers.

1.3 Coreproblem

Figure3 shows the problem clustethat we use todetermine the core problemA problem cluster
gives a clear overview of the causes and consequences of a problegrgoals to bringstructure in
the problem contextand consequentlydentify the core problemThe core problem can be identified
by going back in the problem cluster. This means fintliagproblems that do not have any preceding
causegHeerkens & van Winden, 2012)

A problem can only be a core problem if it is easy to influence and it does angeanpact The red
boxesin Figure3 showthe causeghat are hard to influencegand the yellowboxesshows the causes
that have a small impaciThese problems can therefore not be identified as the core probiEme.
blue boxesshow the causeshat are easyto influence and do have krgeimpact. These are the
potential core problems.

7. There is no system
that confrols at which

place the parts are
stored |
A 4
—
1. Suppliers deliver 8. Parts are not
less raw material stored in the
than agreed upon correct location
| | Y
‘ 2. Changes |nt orders _ " 9. Parts of the
are nof ock counting is finished products
communicated to done incorrectly i
cannot be found in
4. More raw material ! each department / the warehouse
is needed for an ) . i
order than expected
3. Too little raw enlg'g;hr:{'? is notv
s : material is ordered
(" 5. There are more | available
scrap and
disapproved products
g i E: v
(12. Orders are being 14. Molds are not 17. Production orders 18. Customer orders
accepted based on a\)ailabl o iy tiine are not finished in do not get delivered
> experience and time on time
S = 5 feeling when there is K
11. The tactical and no capacity available
operational e ——
production planning 15. The raw materials
process are based on > are not available in
_ estimations time
13. Raw materials p
»| are being ordered 16. Counting
too late mistakes are made
in the spray-casting
department

Figure3: Problemcluster offailing to deliver on time
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Theresearch motivationand therefore the start of the problem clusteiis stated in the green box:
Customer odersdo not get deliveredn time (18). This is causelly productionordersthat are not

finished in time (X). Thisproblem hasfive causeswhich are, together with their precedincpuses,
explained at the bullet points below.

1 Theparts for the finished productsannot be found in the warehoug®) due to the facthat
these parts are not always stored in the correct locatior®.(When thecorrectlocation is
already full, the pallet driver puts thearts somewhere else in the warehouse. Because there
is no systemhat stores the location of theparts (7), theseparts cannot be foundwhen
needed This problem igasyto influenceandthe impact wha this problem is solved can be
significant therefore we consider this problem as a potential core problem.

91 Another reason for theproduction ordersthat are not finished in time is that there is not
enough raw material availablel@). When there is notenough raw material available, the
production cannot startThis problem can haveur causeswhichwe mentionbelow.

Thefirst reasonis the supplierghat deliver less raw material than agreed updr). Because,

the arrival of aw material is notllways fully checkedhe shortage is often noticed just before
production stars. Because this problem occurs not that often, the impact will be small. We
therefore not considethis problem asa potential core problem.

The second reason for not having enough raw material available is ablagk of
communication between the different departmenf®). When for example an order amount
is increasedand the purchaseis not informed, hecan order too little raw material. This
communicdion problem can have a large impact and is easy to influence, therefere
consider it as @otential core problem.

The third reasoror a shortage of raw material is the incorrect counting of stock (6). At the

start of the season, a stock count is doéhen the stock levels according to the system differs

from the actual counted stock, the stock levels of the system will be updated. When due to a
counting mistake, the updated stock levels of finished products are higher than in reality, less

raw materid is purchased than necessary. Wheamanfinds out that there are less finished

products in inventory than expected, more products have to be made. This can lead to a
shortage of raw material. It is very hard to influence the counting tasks of emploges® of

GKSY S@Sy aleéy W 2dzyiAy3a A& GKS KFNRSaild GKA
happens once a year, it will have a small imp¥¢etherefore do not consider it as a potential

core problem.

Thefourth reasonfor a shortage of raw materidk the fact that too little raw material is
ordered (3). This can have two causes: more material is nettdedexpected or there are
more scrap and disapproved products than expected.

The discrepancy between expected requirements actlial requiremets canbe a cause of
too little raw material being orderef¥). For a new product, orecastis made of the amount
of raw material neededor production Also,when this discrepancper productis very small
a production quantity ofL0,000 productsstill leadsto a significant shortage of raw material
The introduction of a new produgchor which the expectation of raw material is too lpgoes
happen veryporadicallyand therefore we donot considerit as a potential core problem.

Thediscrepancy between expectation and realidf the volume of scrap and disapproved
products canalsolead to more raw materiad needed than expected5). Products can be
scrapped when for example the mold is damaged@color changealid not happen flavlessly.

3
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When a color change is happening, there are always a handful of products with a combination
of the two colors.Sometimes the number of products with a combination of two colors is
larger than expected leading to more scrapped products. Becausaithber of scrapped and
disapproved products is hard to influenasee donot considetlit as a core problem.

9 The third reasorfor the productionorders not finisling in time, are the molds that are not
available in tim&14).

1 The fourth reason fothe productionorders that are not finished in time is caused by raw
materials that are not available in time (15roblem10 is about not having enough raw
material, so the raw material is indeedelivered in time but something weh wrong
afterwards(see problem 36). Problenil5is about not receivinthe raw materialdn time. This
problem has wo causes: @lers are accepted based on experience and feelingn no
capacity is availabl@2) andraw materialghat are ordered too lde (13). Problem Ris also a
consequence of problem4l

A cause of problem 12 and 13 is that the tactical and operational production planfiaged

on estimations(11). The tactical and operational production planner estimates roughly how
much products have to be made and where dohedule these production runs in the
production scheduleWhen a change occurs, he has to shift all planned productionimums
schanes Because changes are made multiple times a week, it is almhsgl-ttime job to
reschedule all production runs due to these changes. When the planning is modelled based on
data instead of only experience and then checked by the planner for poteistidiactors, the
chance of accepting orders while no capacity is available decreases. The implementation of
automatictactical and operational production planningethodpurelybased ordata can have

a high impact ands not hard to influence; we con®dit as a potential core problem.

1 The final reason fgproductionordersthat are not finished in timgare the counting mistakes
in the spraycasting department @). Similar tocause6, counting mistakes can also be made
at the spraycasting departmentWhenmore products are counted than produced, the run
will consist of less products than planned and this can lead to otatg€annotbe fulfilled in
time. Because&ounting mistakes in this department happen raretywill have a small impact,
we therefore do not consider it as a potential core problem.

Potentialcore problems
The problem cluster leaves us wittree potential core problemsWe choose to research the most
important one The enumeration below lists thesep8tential core problems

1. There is no systerthat controls at which place thpartsare stored
2. Changsin orders are not communicated &achdepartment
3. The tactical and operational production planning procaissbased on estimations

Tamanalready investigates whether it is useful to introducevarehouse management systethat
controls the storage location of glarts(1). Because this problens currently being tackledye focus
on anothercore problemin this research.

The lack of communication between the different departmentsainly occurswhen orders get
changedwithin two months of delivery This information should be shared with all departmernits
this way,the purchasercanalter hispurchaseorder or place a newpurchaseorder, the production
plannercanchange the production plarand the logisticplanner can investigate where to store the
extra productsand if necessary, move finished products to external warehqgussethere is inventory
spaceavailablefor the extra productsThecosts ofa way to improve the communicatidretween the
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departments willbe quite low, because no large investments are required to introduce a new
communication plan. Themprovement will be mediumbecause there wilbnly be an improvement
in the case of a changed ordénat is not communicated to every department.

Whetactical and operational productiorplanning processs based onestimation€X3) is the third
potential core problemBecause the estimations can differ gfggantly from the reality, its very hard

to get a correct overview of the capacities of the machines and molds. Without a good overview of
these capacities, it is also very difficult to make correct decisions regarding accepting or declining a
new order Accepting new orders while actually renoughcapacity is available leads to a lower CSL.
Also, production runsvith a longer productionmun durationthan estimatedlead toother production

runs being shifted to a later time periodConsequentlythis mayresultin ordersthat are delivered

late, alsoleading to a reduced CRy havingtacticaland operational productioplanbased orhard
data,less changes will occand more accurate prodtion run durations are usedhich leads tanore
productsbeingdeliveredon time.

The costs of setting up tactical capacity plarcan differ a lot The costs can be vetgw when for
example an internal project is executeout when outsourcing theperaional andtactical planning
processor buying a software tool can lead to high costhe improvement will be medium to high,
becausedhe planning is made on more accurate data leading to less changes in the planning and better
decisions regarding accepy or declining ordersSincethe effect is estimated to be larger than for

the second potential core problem, we choose this third problem as the core problem for this research.
Accordingly the core problem in this researdt dThetactical and operationalproductionplanning
processs based on estimations

1.4 Researclgoal andscope

Based on the problem clustedhe research goal is tasetactical and operationgblanmningtechniques
to createa production planning methodthat leads to anincrease oforders being deliveredn time
from 95.4% to at least 98%while minimizing the total costs.

In this research, the focuson constructinga productionplanningand production schedulingiethod.
Wedo not focus on thelecisions that have tbe made by th@urchasing department and the logistics
department

1.5 Researclyuestions andpproach
This section discuss#se research questions anekplainsthe structure of the report

1. Howis the production schedulimrocessurrentlyexecute®
Chapter 2 discusses the current situatiomaiman It explains the types of products produced
and discusses the whole process from receiving a forecast until the delivery. tisdsgses
the current production planning and scheduling procdsserviews with the employees of
Taman and the company website are the main sources of information for this chapter.

2. Which models are available foonstructing a feasiblproductionschedule anavhich methods
are availabldor optimizng a feasiblgroduction schedul®
Chapter 3 includes a literature research that positions this research in the manufacturing
planning and control framework. It then continuous to discuss multiple production scheduling
methods and production scheduling optimization heiques.

3. How can a feasible production plan tenstructedor Tamar?
Chapter 4 focussesn the method of constructing a feasible production pldor Tamanby
explaining all changes that must be executed in each step of the planning and manufacturing
framework We used he information in the literaturdor the construction of the method.
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4. How canan optimization method be used to improwe feasibleproduction schedulefor
Tamar?
Chapter 5discusses the implementation of an optimization methdde build an objective
function and choose an optimization methoBy carefully choosing the input parameterge
made the optimization method efficienThis chapterd a continuation on the last chapter
where using input from the literature, and the use of heuristics and creativity result in an
improved production schedule.

5. What are the results of the production schedule before and after the optimization regarding
the production schedule, and the machine and mold utiliz&ion
The firstpart of Chapter 6 analyses the results of the production schedule before and after the
optimization. The focudies on the differences between the objective value, machine
utilization, and mold utilization.This chapter uses evaluah methods to analyze the results
of the optimization method.

6. How can the production scheduling model be verified and validated?
The second part ofChapter 6 discusses the verificatiand the validation process. It also
provides an instruction manual on how to use the mosielce this is part of the validation.
This chapter uses expected results of employees and a validation plan to answer thehesea
guestion.

1.6 Deliverables
This research contairsomedeliverables which are summed up below:

1 A report containing a list of recommendatiofs Taman
1 A production planningrad scheduling model
0 This model is flexible, so it is easy to adapt when new mashare added, or new
products are added.
0 The model can also be used for comparing different scenarios to see the difference in
machine and mold capacity when for examaliarge order is accepted or rejected
1 An instruction manuafor the employeesof Tanan that explains stegoy-step how the
production planning and scheduling model can be used.
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2 Currentsituation

This chapter analyses thaircent situationat TamanHengeloregarding theprocess from forecast to
delivery whereextra attention is paid to the production planning and scheduling pra¢esst,Section
2.1discusses thaistory ofTaman Then,Section 2.2lescribeghe three different product groupthat

are produced affamanHengelo Thereafter,Section2.3 focusse on the software programs used by
Tamanand what thér function is. SubsequentlySection2.4 investigates the current production
planning and scheduling procesghen,Sectior2.5 explains the complete process after the production
scheduling process uihtdelivering the orderNext, Section 2.6 explains the shortcomings of the
current production planning and scheduling process déne goalsfor the improved production
planning and scheduling procegsnally, Section Z.makes some concluding remarks aeding the
current situation.

2.1 Introduction
Thissectionframesthe history ofTamanHengeloand discusses the relation betweeframanTilburg
and TamanHengelo

Background ofamanHengelo

In 1968,Frans Hartman founded Bemico ktengelowhich produced steel leisure producBecause
the steel market became saturated, Hartman decided to change {h@iduction to resinbased
products using spragastingin 1982 Six years later, they changed their company name to Hartman
andlater to Hartman Outdoor Productslheir garden furniture products became very popular in this
period. However, m 2005, Hartman is declared bankrupt and the factory is bought b¥tisehedse
Kunststof Fabriek (EKF). Six years |atamantakes over EKF including aelachines and personnel.
Tamanneeded a second producticareasincetheir main plant inTilburgcould not keep up with the
increasing demand.

Relation betweeamanTilburgand TamanHengelo

The main productiomreaof Tamarislocatedin Tilburgwith a total of 20 employeesTamanrHengelo

is the expansion ofamanTilburg therefore all main decisions regardiRgtekproducts are made in
Tilburg Hengelohas only 30 employees of which 20 are production employees lénare office
employees The functions of these office employees are in tlields of operations, planning,
purchasing, warehousing, logistics, quality, technical support, and customer service of B2B customers.
Each of these functions is executed by 1 or 2 employees. Most of thedeyaap already work several
years forTamanHengelg so they know how to execute the tasks of their colleagues when they are
absent.Departments such aSales,FAnance Supply Chaiand Human Resourceare onlylocatedin

Tilburg

The employees dflengeloare expected to keep the plant efengelaunning usinghe input provided

by Tilburg Tilburgmakes decisions regardimnghich products to produce, which customers to deliver
to, and what quantity to produce. Becau$édburgprovides the input for the production inlengelg
there is a lot of communication witfiilburg Lastminute changes of the input provided Qylburg
leads to a lot of lastninute changes itHengelo Becausdilburgdoes not see the consequencks
Hengelq it is difficultfor Tilburgto decide whether they choose tnake changeer decide to look for
other options.To evade this problentjengelowants toalso gather information themselves so they
can make decisionggarding their own plantore on time instead of lagninute viaTilburg

2.2 Productgroups
As introduced irChapter 1 there are thregproduct groupsmanufactured byfamanHengelo These
are gaden furniture products pet life products and products for B2B customerhe next three
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paragraphs discuss these product groupsmore detail. After that, an overview is given of the
produced kilograms per product group for each month in 2018.

Garden furnitureroducts

The main producgroupis the garden furniturgproductswhich includes chairs, sofas, tables, loungers,
and water butts.Thedemand for tleseproductsis very seasonaldependent.The main part of the
customer orders has to be delivered between January and May. In this way, the custtanessl|
their products to the end customers in the spring and summer sed@ecause the demand between
January and May is larger than the maximum production capatégpameeds to start the production
of garden furniturealreadyin October and continue to May. Therefortae stock levels of garden
furniture will rise until Januargind from this moment sloly decrease becaugeom January onwards,
the quantity sold is higher than the quantipyroduced At the end of the garden furniture season in
May, the goal is to have hardly any stock of garden furniture left.

Petlife products

TamanHengeloalso produce pet life products. These products include litter boxes and carriers for
cats, and baskets for dogs. In contrast to the garden furniture, the sale of pet life products is quite
constant over the year. Because the total production of pet life producisal in comparison with
garden furniture products, less attention is paid to this product gr@@martries to fit the production
runsof the pet life products between the production runs of the garden furniture products.

B2B products

Besides the produst produced forRetek TamanHengeloalso produces for B2B customerfEhe
products made for these B2B customers are for example: a rainwater drain system, a wheelbarrow, a
fish crate, a trolley, and an urAll B2Bcustomerssupply Tamanwith the mold(s) for their products

and Tamanmakesthe products. Some of the B2B custers also supgiTamarwith the raw materias

for their products There are two large B2B customers and several smaller éteduction for he

large B2B customerskes placeduring the whole yearProduction for he smaller B2B customeis
mainlydonebetween June and Septembkecause this is the least busy period T@man

Production in kilogramser month

The production season dfamanstarts in August and ends in July. The months of June, July, August,
and September are always the least busy mantiihese months are often used for installing and
testing new molds and to make sure everything works before October, when the production quantity
increases. In these summer montigmanalso does a stock count to update their stock valkégure

4 shows the production in kilogranmer monthfor eachof the product grouys.

Production per month in 2018
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Figure4: Produwetion in kilograms per montfor eachof the product group
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2.3 Softwaretools
This section describes four differespftwaretools used byRetek SAP is the main software program
and all other software tools are connected to SAP.

2.3.1 SAP

Systeme Anwendungen und Produkt&SAR is anenterpriseresourceplanning softwareto manage
business operations and customer relatioAdl informationincluding the bill of material, production
schedulesstocklevels,forecasts, logistics, transactions andorsesis saved in SARtis a very useful
tool for a large company likketekto keep track of althis datain one placeBy usingSARall actions
taken in the compangretransparent andavailable for everyone in the organization.

2.3.2 EDB

Extended DataBag{EDB)s linked to SAP angrovidesa useful overview of the data available in SAP.
It is mainly used for analysis of the KPIs of the com@ant/to makecomparisons between current
data and historic data.

2.3.3 APO

Advanced Planning and OptimizatigkPQ is a software tool in which all forecadts eachcustomer
are shown. These forecasts are dividedPreliminary ForecasPF)and Ready To Produ€eRTR.
The PF is the unconfirmed forecabhe RTisthe forecastthat isalready confirmed by the customers
and therefore production can be plannedAPO is very useful for the input data of the master
production schedule.

2.3.4 KMES

Manufacturing Execution SystelkMES is ashortterm machine planningool that shows in real time
which productsare madeon which machines and which moldse used It also showshe expected
and the actuatycle time of the products, the number of produtheat are already produced and the
numberthat still has tobe produced. It is connected ®APtherefore, SAP is alwaysguo datewith
the reatlife production status.

2.4 Productionplanningandschedulingprocess

This section describes the current production plannargl schedulingprocess step by steplhe

production planning starts with rough forecast based on historic dafdnereafter, a forecast is made

based on the customer inputs. Subsequentlynaster production schedulés made based on this
F2NBOI ald o imdg&y A al YPRSt NI (  Jok vdhBhaparts arél@athicéd o? @S NI A
which machine and in which period. Finally, a production schedule is created based on thimagkor

The fist two steps are mainly executed ByamanTilburg the thrid step is executed by SAP and the

last two steps are executed ByamanHengelo Subsections 2.4.1 until 2.4dscuss these steps in

detail.

2.4.1 Rough forecast

The rough forecast is a process tigates a first prediction of the number of products that will be made

in the next season. This rough forecast is often made in June and based on historic data and psediction
of the sales department. The rough forecast of the garden furniture and petriifdugts is done by
TamanTilburgand the rough forecast of the B2B customers is don& &yanHengelo The forecast

of the B2B customers &sobased on historic data and predictionstbé sales manager.

Based on the rough forecagtamanTilburgcan deside whether the product range dfamanHengelo
remains the sameSometimesa product will be switched with another production location, a product
will be added to the product range bfengeloor a product will be removed from the product range of
Hengelo These decisions are quiteibstantial and therefore often taken in June, after the busiest
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period. When a product is added to the product range, the required molds are sétdrtgelo These

molds are then installed on the machines and tested. Nextnthe molds, and product details should

be added to SAP. This whole process is very time consuming and ideal to be performed in the tranquil
summer period.

2.4.2 Customer based forecast

At the start of the new season, each customer is asked to make a prelimimacaét. This is a forecast
showing the quantity and type of products forecasted by the customers. This forecast is not binding
and purely used fofamanto start their tactical planning process. When the preliminary forecast is
very large,;Tamancan decide to start production of the garden furniture already in September instead
of October. When forecast is lowwamancan choose to statheir production in November.

When a customer wants to place an order, they have to notify the sales department at least three
months in advance. Theustomer has to state the number of products thegnt to buy and in which
month they want the products to be finished. At this mometite number of products the customer
wants to buy isleduced fromits preliminary forecast. This confirmed forecast is also calledtheS | R &
02 t NPRRRRGeStD. ThisRTPguantity is placed in SAP, so the planner knows all production
guantities thathave to be made and thmonth that theseproduction quantitieeed to be finished.

Once & RTP order is placed, the customer can, generally speaking, not change the RTP quantity.
However the sales department still often accepts a proposed RTP chantieelipistomer. The main
reason for this is that the sales department is assessed based on their customer satisfaction and the
number of sales they have made instead of the overall functioning of the company. An increase of RTP
guantities leads to a new pduction planthat can lead to orders being shifted and therefore being
delivered late. Howevervhen Tamanalways declines a change of the RTP amount, the customer can
decide togo to another garden furniture manufacturer that is more flexible

At least ore month before the date of the RTP, the customer must place its correspopdichase
orders.Some customers place in September already their RTP orders for the whole season and change
their RTRordersto purchase orders a few months before the order daBeitother customers plae

their RTP orders and purchase ordgrst in time.

This process is the same for both tRetekproducts and the B2B products. However, there is one
exception. There is a contract with one B2B customer that states that one ofdlclines is reserved

for him every first week of the month. That customer delivers every month a certain amount of raw
material andTamanproduces the number of products that can be made using ghevided raw
material. When all raw materiak used orfive production days have passedlamancan use this
machine again for other production tasks.

2.4.3 Master production schedule

Based on the RTP orders and the purchase ord@& constructthe master production schedule
(MPS)An MPSs a plan that sbws per week the number of products ordered for each product. This
includes both the RTP orders and the purchase orders. SinchiBfisshowsor each week and for
each product the number thatasto be ready for delivery, # planner carconstructa prodiction

plan. In this MPS, the orders of different customers with the same product and delivery date are
combined Therefore, it is difficult after the MPSep to figure out which delivery order corresponds

to which customer.

2.4.4 Color image
Based on the mast production schedule, the planner can start constructing a production plan. He
uses the Bill of Materials (BOM) for finding out all the parts that are needed for the finished product.
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Then, by using this BOM and the MPS, the planner ascribes the praiuwatis of the parts to the
machines.

Figure5 shows a part of the color image made by the planner. The left columns show the machines
and their corresponding tonnage. The top row shows da¢e where each grey column indicates a
weekend. The orange colored squares show that a certain part is prodilnesblue squarsindicate

a mold change is done, arige yellow square show that no production is executed.

Ton Machine 18-mrt 25-mrt 1-apr 8-apr
350 |20/4516
650 |21/4543 Back california Back california Back california Back california
650 |22 /4544 Seat california Seat california Seat california Seat california
650 |23 /4525 Back cover california Back cover california Back cover california Back cover california
650 |24/4526 font cover california font cover california font cover california font cover california
650 |25/4541
690 |26/4542

350 |27/4517 -Table plugs columbia -Tab\e\eg plugs celumbia

550 |28/2524 | Parts waterbutt Parts waterbutt

2700 |30/4538 chair+seat+cover columbia -Jaipur Jaipur -er

1000 |51/4535 Daytona Daytona

1000 |52 /4534 Legs laipur Legs Jaipur

1000 |54 4540 left side california left side california left side california
1000 |55 /4539 right side california right side california right side california
800 |56/4530 Akola Waterbutt deksel Waterbutt deksel

800 |57 /4531 Akola r Drawer

Figureb: Part of the color image made by the planner

The planneconstructsthe color imagdor a whole year. The it version is madehen the customer

based forecast is knownVhen an RTP quantity or due dathanges or when a customer order
guantity or due date changese also changes this in his color image. Especially shifting production
runs in the start of theseason leads to a lot of changes further down in the color image. Because
changes in the forecasts and MPS happen quite frequently, the planner spends a lot of time updating
the color image, so halways has good overvievof the production plan during & season.

2.4.5 Production schedirg process

Based on the color image, the planner starts filling the production sché@d@AP. The planner cannot
directly implement the color image as the production schedule because the color image is not always
feasible. It is used as a guideline for the producBchedulingprocess. Based dhe color image, the
planner constructa production run and assigrit to a machineHe also indicates when a mold change
has to be performedThe production schedule is made for 8 weeks ahead.

The way the production is planned is not optimal, becafirst production runs are made and then
tried to fit in the production schedulé/henthe production rundoes not fit, the plannemovesthe
run to another date or to another machin&here it does fit.So, he planner uses a trial and error
method for the production schedulingrocess He tries to pla the finished date of the production
runs to be always at least two days before thee dak. In this way, an unexpectatklaydoes not
immediately lead to orders being delivered lated therefore a lower CSL.

Changes in the colorimage due to changehéMPS can lead to sherérm changes in th@roduction
schedule. Changes in the production schedule are avoided as much as possible because it leads to a
lot of stress for the planner. When a change in the production schestillehas to be madethe
purchaser is notified so he can purchase the required materials for the new production schedule. Also
the warehouse manager is notified ahd checks whether there is enouglock space availble. Finally,

the logistics manager is notified, so he can chedietiwer a transport is required for the new
production schedule or whether a planned transport has to be canceled.
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2.5 Process fronpurchasinguntil delivery

This section describes the process from purchasing until delivest.the purchasing procesxludes

the process of obtainingll materials for the production. Therthe production process starts using
these materials. Thereafter, the warehousing pregmcludesthe process of storing the parts and
finished productsFinally, the delivery process explains the process of getting the finished products
from the warehouse to the customeBubsections 2.5.1 until 2.5dscuss these processes in detail.

2.5.1 Puchasing process

Thelargest part of the purchased materials are the plastic pellets and colorant. These are the two most
important raw materials for the products. Sometimes, recycled matesialsoadded to the raw
material. Recycled material leads tolass robust product, but the products that do not have to
withstand high forces can be made using recycled material. The recycled material can béymade
shredding scrapped producté product can be scrappedhen, for example, itdoes not meetthe

guality requirements

Besides the raw materials, the purchaser also orders boxesplastic products, packing material,
stickers, cushions and pallefshe raw materials, packing material, stickared palletsare ordered

from Dutch companies and the boxes,maplasticcomponents, and cushions are ordered from other
European countries and Chirizecause suppliers outside the Netherlands quite frequently deliver late,
itis not possible to produce just in time. The purchaser chooses to order the products ebtigdiers

a week before they are needed to reduce the chance of having to make changes in the production
schedule. The extra inventory costs trae attached to ordering a week in advance outweigh the
consequences of changing the production schedule.

2.5.2 Productionprocess

The production process is executed based on the production scheBafore the production of a part

can start, the mold corresponding to the part has to be mounted in the machine. There are mold
change employees who change molds usiragnes. Depending on the size of the machine in which the
mold is mounted, a mold change time takes between 30 minutes and 4 hours. After a mold change is
done, the raw material is moved to the machine. Now, test symasting can start. A few parts are tes
sprayed to check whetheverything works like it is supposed to. When this is the case, the production
run starts.Figure6 shows an example of a machineTaman

Figure6: Spraycasting machine ataman
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When a new production run starts with the same past the last rurbut another color, the mold is

not changed. The colorant of the raw materials is changed which results in a new color. However, when
a new colorant is added, the first few parts will have a hybrid color of the two colors. It takes some
time for all colorat of the first color to leave the machine. These parts are removed from the
production batch and shredded.

2.5.3 Warehousing process

After a production run is finished, there are two options. The parts are assembled immediately after
production or the parts a& moved to the warehousé&Vhen multiple parts of the same stassembly

are produced at the same time, these parts will be assembled immediately after production and the
sub-assembly will be moved to the warehouse. If the parts are not part of easasemby or when the

parts are not produced at the same time, the parts are moved to the warehouse before assembly. The
warehouse where the parts and the saksemblies are storeéd owned byTamanand located behind

the production hall. After all parts and suaigsemblies of a finished product are produced, everything

is packed in the corresponding carton box. Sometimes cushionspliastic products and packing
materials are added as wellhese boxes including finished products are then put on pallets for
transport. On average 80 pallets of finished products are produced each day.

There are two options for the boxes with finished products. They are moved to the docking area of
Tamanor they are moved to an external warehouse. When the products will be picked up within three
days after assembly, the parts are moved to the docking afdaman(Figure7). All pet life products

and almost all products for B2B customers are moved to the dockingaaneall Some of the products

for B2B customers arstored outside instead of in the docking area. The garden furniture products
with a delivery date of more than three days after assembly are moved to the external warehouses to
be stored. Because the volume of a finished product is quite large, not ab fir@ducts can be stored

at Taman Tamanstores heffinished garden furnitur@roducts in four different warehouses, so storing
place has never been a bottleneck fitaman

i i

Figure7: Docking area ofaman
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2.5.4 Deliveryprocess

At the moment of the delivery date, the finished products are sent to the customer. The customers in
Europe are supplied by truck. The customers in Africa, Sogerica,and North America are supplied

by ship.A delivery is always done in full truck load (FTL). This is possible because customers can only
place orders of multiples of FTLs. When a delivery is done of a batch of products that are stored at an
external warehousgthe external warehouse loads theuttk and sendi on its way.

When a part of the order consists of products that are madEliourg the truck first loads the required
products inHengeloand thereafter loads the remaining productsTilburg Subsequently, the truck
drives to the custmer. In this way, it is possible that the trucks are not fidgdedwhen going to
Tilburg When this is the case, oftemather set of products that alsileasto go toTilburgare sent with
this same transporiThere are on average8trucks leaving aman Hengeloper daywith only finished
products.

2.6 Shortcomingandgoalsof productionplanning angroductionschedulingorocess

This sectiordiscusseshe planningand schedulingrocess after the MPS is made; the constructing of

the color image and the poction schedule process. The current way these processes are done has
two types of shortcomings. First, the process is not flexible and second, the process is not efficient.
Based on these shortcomings in the current situation, some goals for the newgiraoal planning and
production scheduling process are discusstbsection 2.6.1 and 2.6discuss the two shortcomings

in detail and subsectior2.6.3 explains the goals of the new production planning and production
scheduling process.

2.6.1 Flexibility othe production planning and production scheduling process

Changes in the production planning and in the MPS happen quite frequ&htiymain reason for a
change in the production planning is caused by the sales departmehillafrgaccepting an order
change. Also, an unexpected machine failure or a delay in the ordered raw materials can lead to a
change of the production planning. Sucbhange in the RTP leads to a change in the MPS which leads
to a change in the color image and finally a change in tbdyrction schedule.

The current process of constructing the color imaged based on thatconstructthe production
schedule is not flexible at all. A small change in the number of products to produce costs a lot of time
to process in the color image atige production schedule. This process should be impreoattiat it
becomes easier tapply changeand evaluate the results.

2.6.2 Efficiency of theroduction planning and production scheduling process

In the current situation, the color image is madeanualy based on the MPS. Thereafter the
production scheduling process can staBecause the color image does not result in a feasible
production schedulethe scheduling process is also done manually. These two manual steps are not
efficient to do by hand andan be automated.

2.6.3 Goals of theroduction planning and production scheduling process
To makethe process of production planning and production scheduling more flexible and effiitient,
would be a goodstart to change the color image process in such a tey it results in a feasible
production schedule thain theory can getmplementedimmediately. To improve the efficiency even
more, the color image should be constructed based on hard data instead of estimations. This leads to
a more accurate input for the production scheduling and therefore a better outpuhe current color
image,the length ofa production runis notcalculated, but based on predictions. For example, 3000
pieces2 T (1 KS { 2 dag BeBded TWe/plainedguidizts that this will take around two weeks
and plans the production of the Jaipur for two wee¥sile this process actually takes 9 working days
Besides, te mold changes in this color image are all placed on Mofsias Table 1)but this is not
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the case in reality. Moreover, there is a limit of the number of mold changes that can be executed in
one day.

When constructing a feasible production planning method, so that the steps of constructing the color
image and the productioschedulecan be combined to one step, a few goals should be kept in mind.
These goals ammentionedbelow:

1. The CSL level as a result of the production schedule should increase from the current 95.4% to
at least 98%.

2. The storage costs must be minimized. So, production should finish alyelsgmssible before
the due date.

3. The lateness must be minimizedaif order is delivered late, the lateness indicates the number
of days this order is delivered late.

4. The number of mold changes should be minimized. A mold change is the process of changing
the mold on a machine. A mold change leads to less production @imdethere are some
restrictions regarding the number of mold changes that can be performed per day. Less mold
changes lead to a more fluent production process.

5. The production planning model must incorporate the days available for production, so holidays
and weekends that production is closethy not be availabléor productionin the production
plan.

6. The production planning model must be adaptive. It must be easy to add new msainiolels
or producs. Italsomust be easy to test new scenarios when faample a few weekends are
available for production when demand increases with 20.000 products.

7. The production planning model must be easy to use for the employegéamwfan

2.7 Conclusions

The main productiorareaof Tamanis located inTilburg Because their productioareabecame too
small, they bought EKF ltengeloand took ovettheir employees and machinggamanHengelonow
produces approximately.5 million kilograms of finished productdast year The productsmade by
TamanHengelocan ke divided in three groups. These are garden furniture products, pet life products
and products for B2B customers. The distribution of kilograms produced of each product group are
respectively 63%, 6% and 31%.

The production planning and production scheadglprocess consists of multiple stepssthrts with a

rough forecast based on historic data. Thereafter, a forecast is made based on the customer inputs.
{dzoaSljdzSydtez | YIFadSNI LINPRddzOGA2y aOKSRdzZ S Aa
made that gives a rough overview which parts are produced on which machine and in which period.
Finally, a production schedule is created based on this dolage The first two steps are mainly
executed byTamanTilburg the thrid step is executed by BAnd the last two steps are executed by
TamanHengelo These last two steps are also the steps that can be improved.

At this moment, the steps of constructing the color image and the production schedule are not flexible
and efficient enough. These two garate steps require a lodf time and small changes can not be
implemented easily. The gaalto replacetie color image and production schedule steiph one step
leading to deasible production schedule based directly on the MPS. Thishsiegome gals it must
incorporate. The most important goals are that the production schedule must be feasible, the CSL level
must be at least 98%, the costs must be minimized, the production planning model must be adaptive,
and finally, the production planning modwmlust be implemented andasy to uséy the employees of
Taman
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3 Literaturereview

This chapteinvestigatesthe literature relevant for our research. It consiststiofee sections.First,
Section3.1 introduces themanufacturing planning and control framework and explains each. step
Then,Section 3.Zocusses on different production scheduling methoBmally, Section 3.3 discusses
two optimization methods.

3.1 Manufacturingplanning andontrol framework

Manufacturingplanning and controIMPC) is a framework thadentifiesthe required steps in the field
of production planning and capacity planning to get to a production schedridgire 8 shows a
simplified version of the MPQ/oliman, Berry, & Whybark, 1997)he MPC frameworkddresgs
decisionsregardingthe acquisition, utilization andillocation of production resources to satisfy
customer requirements in the most efficieand effective wayGraves, 1999)The goal is to ensure
that materials and equipment are available when needed and that the production plaproegsss
efficient.

The first step of the MPC consists of the sales and operations planning (S&OP) and the aggregated
capacity planning (ACRNd is based on strategic decisior&ubsequently, the master production
scheduing (MPS) and the roughut capaiy planning (RCCP) are carried .oliiese two processes are
based on tactical decisionsThird, the materials requirements planning (MRP) and capacity
requirements planning (CRP) adene. These two processes are also based on tactical decisions.
Finally the production scheduling and the output control are execufBldese processes are based on
operational decisionsubsectiors 3.1.1 until 3.1.&xplainin detail the processes that are executed in

each decision level.

Production Capacity
Flanning Flanning

Tactical level
A 4 h 4
MRP -« > CRP
........ v“
; & o  Output ;
Scheduling > Control Cperational level

Figure8: MPC Framework

3.1.1 Strategidevel

Decisions made in the strategic level are kiagn decisionsThese longerm decisions always try to
pursue the vision of the companyWithin this strategic level, decisions are magsgardingthe
production planning and the capacity planning. The most important straaégiocesses in these
planning areas are respectivetiie sales and operations plannirand the aggregated capacity
planning Subsections3.1.1.1 and 3.1.1.8xplain these two planng processes in detail.
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3.1.1.1 Sales an@®perationsPlanning

The goal of theales and operations plannin§&OPis to create a balance between the sales plan and
the production plan.This requires two actionsThe demand has tde modified to match the
production constraint and thevailablecapacityhas to be modified to match the sales plan. The
demand can for example be modified by advertisement, price chamgedbke introduction of a new
product. Theavailable capacitycan be modified byfor exampleoutsourcing, subcontractingor
working overtine.

3.1.1.2 AggregatedCapacityPlanning

AggregatedCapacityPlanninglACRis done simultaneously with S&ORCRcan be used to get a quick
overview of the capacity levels of the resources per month based on a rough estimation of the number
of items to produce. fie ACPgives a first impression of the number of resources required for the
number of products to produce. The S&OP together with #@Plead to the Master Production
Schedule and the Rougbut Capacity Planning

3.1.2 Tacticalevel

Decisions of the tacticalevel are mediunterm decisions. These decisions relate to the
implementation of strategic decisions. The decisions made regarding production planning and capacity
planning are first respectively the master production scheduling and the reugbapacity fanning

and thereafter the materials requirements planning and the capacity requirements planning.
Qbsections3.1.2.1 until 3.1.2.4liscuss these four processes in detalil.

3.1.2.1 MasterProduction Schedule

The Master Production Schedule (MPS) schedulethat indicates when and how much of each

product will be made. The MRigpendson a lot of factors such as forecast demand, production and
inventory costs, lead time, working houreachinecapacity, and inventory levelblerrera & Thomas
(2009)defines tt6  a t {a plaréwith tide goal of scheduling production quantities in each period of

GKS LXITYYyAy3d K2NAT 2y S YAYAYAT Ay3 (KDisdPSxdanbe y R Y
vertically integrated which consists of the elaboration of the MBShsat it remains feasible at an
operational level. This vertical integration can be approached in two waperational constraints can

be added,or a mathematical and simulation modehn be combinedo ensure feasibility.

3.1.2.2 RoughCut Capacity Planning

Roughtcut capacity planning (RCCP) mediumterm capacity planninghethodthat verifieswhether

there is sufficient capacity available to meet the capacity requirements. RCCP calculates a rough
estimate of the workloadf the resources by the proposed N8R This workload is compared to the
maximum available capacity per resoutoecheck whether the MPS is feasible. The RCCP can be set
up using finite capacity planning or infinite capacity planning. In finite capacity planning, the due date
of the orders § relaxed and lateness is allowed. This is also called the resduvea approach. In
infinite capacity planning, the available capacity is relaxed so there is no limit in available cdpeity.
available capacity can be affected by for examplerking overtime, subcontracting, or adding or
removing machines. This is also called the tangen approaci{De Boer, 1998)n most companies,

a hybrid approach is used to find the optimal balance between irregular capacity and lateness.

3.1.2.3 MaterialRequirements Planning

The material requirements planning (MRP) is the next step after the MPS and theTRE GHRP can
be deducedrom the MPSusing the Bill of Materials (BOM)he BOM is an overviewf all the parts of
which a finished product is composebheresult of theMRPis aplan that shows for all the partsow
much is needed and when it is needed.
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There arewo processesvith the abbreviationMRP Material Requirements Planning (MRP 1), which
focusses solely on internal component planniaigd Manufacturing Resource Planning (MRP 1), which
is much broader and focussalso on the resources and their restrictions, suclmashine capacities
and employee availabilitverall MRP Il is seen as the combination of MPS, IMRISchedulingSo,
MRP Il is more integrative and strategically oriented than MEFmelli, Gourgand, & Lemoine, 2008)

3.1.2.4 Capacity Requirements Planning

Capacity requiremergplanning (CRR3 executed based on the MRFhis process is used to determine
the available production capacity of a compayfirst assesses the MRP and then analyzes the
O2YLJ yeQa | Oicaphcity toLShERfRhazOIRMA i fgasibiethe MRP is not feasible, it is
changed in such a way that it becomes feasible.

3.1.3 Operationalevel

Decisions of the operational level are shtetm decisions. These decisions are made on a weekly or
daily basis ath are based on the decisions madie the tactical level. The decisions made regarding
production planning and capacity planning result in respectively the production scheduling process
and the output control procesSubsections 3.1.3.1 and 3.1.8li8cusghese processes in detalil.

3.1.3.1 Scheduling

When the MRP is finished, all production tasks can be scheduled in the productioT ptaris a
large variety oscheduling methods that can be usédfew of these methods are explainedSection

3.2. There arebasically two types of production scheduling methods: The production runs in the
productionschedule can be schedul&m the end of the season to the start of the season or from
the start of the season to the end of the seas@hen scheduling from theral to thestart, the orders
arescheduled so that no latenesscurs put this can result in an infeasible schedihen scheduling
from thestartto the end the production tasks are planned in chronological order resultingéasible
capacity plarbut with more lateness and inventory costs

3.1.3.2 Output Control

The output control is a technique for capacity control where the planned production and actual
outputs are monitored. If the planneg@roductionis not equal to the actualutput, the cause will be
investigated and when necessary, the productsmhedulewill be adjusted

3.2 Productionschedulingmethods

There are many production scheduling techniques, bt fhcus in this research is omigrity rule

based schedulingPriority rule based scheduling is an often used algorithm, because it is a fast and
easy method to get to a feasible production schedule. The priority rule based scheduling method
consists of griority rule and a generation scheme. These two parts are discussatisections3.2.1

and 3.2.2

3.2.1 Periority rule

A priority rule gives a priority to all production orders that have to be scheddledpriority of the
production orders is thesequencein which the production orders are scheduled. There are many
different priority rules of which the earliest due date and the shortest processing time priority rules
are well known. The earliest due date method schedules the orders based on theiddteestarting

with the order with the earliest due date. Ehpriorityrule tends to minimize the maximum lateness.

The shortest processing time method schedules the orders based on their processing time length. This
priority rule schedules the order witthe shortest processing time firsthis priority rule tends to
minimize the mean flow time which is the average finished date of all jobs.
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3.2.2 Generation scheme

A generation scheme is a method of scheduling a list of production ordersséitheenceof the
productionrunsthat are scheduled is determined by the priority rule. When scheduling the items, a
serial schedule generation scheme or a parafighedule gengtion scheme can be usedoth
generate a feasible schedulBubsections3.2.2.1 and 3.2.2.”iscuss these two types of generation
schemes.

3.2.2.1 Serial Schedule Generation Scheme

A serial schedule generation scheme (SS@8gtsthe production orderwith the highest priority.This
production order is then scheduled on the machine that can fit in this production order the earliest as
possible Thereafter, the nexproduction ordemwith the highest priority is selected and this process is
repeated until all agvities are scheduled.

3.2.2.2 Parallel Schedule Generation Scheme

Aparallelschedule generation scheme (PSGS) selects the maeitméhe earliest available time slot.
Now thepriority list is checked starting with theroduction orderwith the highest priority. When a
production ordercan be scheduled on that machine taking into account all constraints, the activity is
scheduledWhen no production order can be scheduléitk next machine with the earliest available
time slot is sele@d. After a production order is scheduled, {hcess is repeated until gdfoduction
ordersare scheduled.

3.3 Optimizationtechniques

After a feasible production schedule is created, local search techniques can be used to improve the
initial production shedule. Local search technigues make small changes to the current production
schedule and evaluate whether the new schedule is better tharctireent schedule. There are four
frequently used operators in local search techniques that result in small chaRigese are:

1 Move operator: a production order is moved to another machine or another start date
1 Swap operator: a production order is swapped with another production order

1 Merge operator: two production orders are merged together as one production order
1 Solit operator: a production order is split into two different production orders

If a schedule can be obtained by performing a small change on the current schedule, the new schedule
is called a neighbor of the current schedw each iteration, the localearch technique evaluates one

or more neighbors depending on the algorithm and thest)neighbor is then accepted or rejected
based on a criterion that also differs per algoritiiRinedo, 2005)

The choice whether a neighbi accepted or rejected depends on the objective value of the current
schedule and the objective value of the neighbor schedule. The objective value of a schedwdsy is

to assesshe production schedule. This value can be based on, for example, inventory costs, lateness,
personnel costs, and machine costhe objective value is used to be abledompare different
production schedules When two productionschedulesare made and heir objective valuesare
calculated, the productioschedulewith the bestobjective valuas also the begproduction schedule

The two most used local search algorithms are simulated annealing and tabu §eamchne, Minaoui,

& Aboutajdine, 2018)These are both advanced local search technigques because they can escape from
alocal optimum.This means thathtese techniques can accept worse outcomes in order to arrive in a
better local optimum or a global optimum. Basic losahrch techniques do not have this feature.
Subsections 3.3.1 and 3.32plain simulated annealing and tabu search in detail.
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3.3.1 Simulated annealing

Simulated annealing has its origininth6fi Ra 2F YIFI GSNAIf aOASyOS I yR
asa simulation model for describing the physical annealing process of condensed riteadays,
simulated annealing is used in many different fields including production scheduling. It is popular due
to its relative ease of implementation, convergence teicjues and its possibility to escafem a

local optirum. (Henderson, Jacobson, & Johnson, 2003)

Simulated annealingtarts witha feasibleinitial schedule also called the first currerschedule This
first currentschedulecan be constructedh combination witha generation schemélhen using an
operator,a sacalledneighborscheduled is selected from the neighborhoaaf the current schedule
® . This selection can be in a random or an organized Wagreafer, the objective value of this
neighborschedule,O & , is compared to the objective value of the current sched@en . If
Oow O & , the neighborscheduled® becomes the current schedul® . In caseO ®

‘O ® , there is a probabilityhat the neighborscheduledd becomes the current schedute . This

probability can be calculated b w.

In this formula”Y is a control parameterlsoreferred to asthe temperature This temperatureis
dependent onQvhich reflects thecurrent number otemperature changesrhe number of iterations
after which the temperature decreasesdaqual tothe length of the markov chaiwhen the markov
chain length &, reachesM, the next temperature cyclestarts. There are multiple methods of
calculating thenext temperature. The most used method follows an exponential cooling schedule:
"Y | "Ywhere| N Tip .

At the start of the algorithm, the temperature will be high and during the algorithm, the temperature
will decreaseuntil it approaches zerdDue to this temperature characteristic, the probability that a
neighborschedule with avorse objective value tharthe objective value of the current schedule is
accepteddecreags over time Because the difference between the objective value of therent
schedule andhe objective value of theeighborscheduleis taken into accountthe probability of
accepting dar worseneighboralso has dow probability(Pinedo, 2005)Summarizingat the start of

the algorithm, a lot of worsaeighborsare accepted. This number decreases over time until the
temperature is almost zero when (almosi) worseneighborsolutions are accepted.

There are several stop criteria that could be used to prevent too many iterations. For example, a stop
temperature can be chosen. When the temperaturg,reaches this stop temperature, the algorithm
stops. Another method can be that the algorithm stops when after a certain number of iteraff@ns,
without improvements.Figure 18 in Appendix Ashows a flowchart of the explained simulated
annealing algorithm.

3.3.2 Tabusearch

Tabu search is in many ways similar to simulated anneaitiat it also moves from one schedule to
another with the next schedule possibly worse ththe one before. The main difference between the
two algorithms is that the acceptangejection criterion is a probabilistic process in simulated
annealing and a deterministic process in tabu search.

Tabu search starts with a feasible initial scheduléndysperators, alheighborschedules® , of the
current schedule are evaluated. Theighborschedule with the best objective valtieat is not in the
tabu listis choseneven if this objective value is worse than the objective value of the cusehedule
@ . The neighboschedulethat is chosen becomes the new curresthedule

During the tabu search process, a tabu list of mutations is kept. A mutation is a dhdieged by an
operator, for example, switch production order 4 and 6. When such a mutation is on the tabu list, the
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procedure is not allowed toonstructa neighborscheduleusingthis mutation. The length of the tabu
listis preset ad 2 ¥ (1 Sy (i Kebhgthyo¥ 7 i3 prapesedDammeyer & VoR, 1993\ fter each
iteration, the reverse mutation is entered at the top of the tabu list and all other mutations are shifted
down one position so that the last mutation is deleted frohettabu list. By placing the reverse
mutation on the tabu list, the tabu list avoids the possibility of returning to a local minimum that
already has been visited before. The length of the tabu list should be chosen carefully. When a tabu
list is too smallcycling may occur; if it is too large the search may be undahstrained(Pinedo,
2005) The stop criterion of tabu search is often a predetermined number of exchanges without
improvement, . Figurel9in AppendixA shows a flowchart of the explained talsearch algorithm.
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4 Solution desigrProductionschedue

This chaptedescribes the process we have gone through and the decisions we have made to construct
afeasibleproduction schedule while taking into account@hstraints Section 4.1 elaborates on the
manufacturing planning and control framework introduced in Chapter 3 and draws conclusions on the
steps that have to be changed to create the production schedtllereafter, the three steps that have

to be changed are discussed. First, Section 4.2 describes the changes in the master production schedule
step. Then, Section 4.3 describes the changes in the materials requirements planniagdSstion

4.4 descriles the changes in the scheduling step. Thereafter, Section 4.5 shows the result of the new
production schedule. Finally, Section 4.6 draws some conclusions regarding this chapter.

4.1 Manufacturingplanning anccontrol scope

The manufacturing planning and coalt framework is first explained in Section 3This framework
consists of a production planningart and a capacity planningart (Figure9). We only focus on the
production planning part while incorporating all capacity constraints. The production planning consists
of four steps: S&OP, MPS, MRP, and SchediWegnow discuss for each step the actions that have
to be taken to get to a feasible production schedule.

1. S&OP is similar tthe rough forecast and the customer based foreadistussed irsukection
2.4.1 and 2.4.2For allRetekproducts, this step is fully executed Byiburg For the B2B
customers, this step is executed Baman Hengelo Nothing is changedo this step with
respect to the current situation.

2. The process of getting from a good forecast to an MPS is discusSedbgttion 2.4.3.This
process is automated by SAP based on the RTP values and the purchase orders of the
customers. AlRetekproduds are included in this MPS, bobt all B2B customersf Taman
Hengeloare included It is important that all RTP and purchase orders are present in the MPS
because the MPS is the basis of the production schedule. In Seciowetexplain how we
manageto expandthe MPS with the RTP and purchase orders of the B2B customers.

3. The proces®f getting from the MPS to the MRP st an indistinctprocess in the current
situation. The planner constructs a color image based on the MPS udiilg the BOM
(Subection 2.4.4) The planner does not calculate the exact amount of time a part has to be
produced forthe production order instead, heestimatesthe number of days the part has to
be producedToconstructa good production schedule, the schedule had¢ based on hard
data. We therefore construct a method that the MRP can be made using the MPS and machine,
mold, and product related data. In Sectior3Awe explain this process in detail.

4. The final step is to get from the MRP to a feasible productitvedule. In the current situation,
the planner schedules each production run of the color image in the production schedule one
by one and makes somghangeswhen a production run cannot bscheduled(Subsection
2.4.5). This process takes very long anshall change in the color image can lead to a long
process of rescheduling. We therefore construct a new method to get flteMRP to a
feasible production schedule. In Sectiod,4ve explain this process in detail.

The first step does not have to be chadgn order to improve the production schedula.thesecond
step, only small changes have to be executeld€¢ square inFigure9). Step 3 and 4 requireompletely
new methods and are therefore discussed in more ddtaidl square irFigure9)
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Figure9: Scope of the MPC framework

4.2 Master Production Scheduling

The Master productiorschedule(MPS) is constructed by SAP based on the RTP orders and the
purcha orders. All RTP orders and purchase ordeRatékproductsand most of the B2B customers

are present in SAP, so the MPS for these products is made automatically. However, the RTP orders and
purchase orders for some of the B2B orders amgailed toTaman Hengeloand not addedo SAP.

When these orders are not added to SAP, they will not be in the MPS and therefore also not be in the
production scheduleTo solve this problemye propose three methods. The first method is to teach

the B2B customers how #ly can place orders in SAP themselves via a customer login. The second
method is to lefTamanHengeloplace the orders they receive per email in SAP. The third method is to
add the orders of these B2B customensinuallyto the MPS after the MPS is creatd®kecause the
improvement of data collection of these B2B customers is not part of this research, we use the third
method for now, but we strongly advicBamanto implement the first or second method to make
things easier for the longerm.

Figurel0 shows a part of the MPS whichnsdeby SAP. The last row FigurelOis a product of a
B2B customer thas manually addetb the MPSSince the MPS is now complete, we discuss Wwew
constructedthe MRP.

198846  Cat Litter Box White 1.664 1.408 2.576 528 0 1.648 0
213720 @ Daytona Graphite 2.939 3.594 234 1.197 1.854 1.561 793
222252  Indigo Waterbutt 280 1.200 1.240 3.600 80 1.200 2.680
243533 = Pet Basket S White 0 0 0 0 0 0 0
198858  Pet Carrier Green 440 220 0 0 640 0 0
235162 = Jaipur Cappucino 33 156 208 338 650 546 0
235175  Columbia Balcony Graphite 1.072 1.824 0 0 0 0 0
232706 = Columbia Dining 5-set Graphite 513 594 0 0 0 24 0
217801  California 3-sofa Graphite 0 180 248 128 168 0 56
217741 | California Table Anthracite 0 200 198 0 145 248 0
228798 Q-BIC4 1850 0 0 1850 0 0 1850

FigurelO: Example of a part of the MPS

4.3 Materials Requirements Planning
The materials requirementsplanning (MRP) is a plan that shows for each part when it has to be
produced, in which quantity, which machine is used, which mold is used, and what the due date for
the part is. To be able to make the MRP, a lot of data needs to be acq8ibection 4.31 explains
how we acquire the required data and use these to make the MRP. ThiesecBon 4.3.2 shows the
result of the MRP.
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4.3.1 Acquiring input data

All required data for the MRP is available in SAP. However, this data cannot be used immediately.
required data can be divided into four groups. These four graupstated below. Thereafter, these
groups are explained in detail.

1. All orders including quantity and due date for each prodiuPS)

2. The bill of materials and theurrent nventory level of each finished product subassembly
andpart

3. Themachine group and moldelonging to each part

4. The required poduction time for each part

1) All orders including quantity and due date for each product

In the second tolast step of the MPC framework, thdRPis made. The MPS is requirid the MRP

but cannot be used immediately. SAP can construct the MPS in two ways: the MPS is made with a time
interval of a dayfor 52 days ahead or it is made with a time interval of a week for 52 weeks ahead.
Because we wartb use the available data as much as possible, we decide to use the first MPS overview
for the first 52 days and the second MPS overviewtferrest of the season. The due date of the orders

of the second overviewre placed on the first day of that weekn this way, we prevent orders being
delivered late.

2 KSy f221Ay3 KIEF + &@SIENJAY (GKS FdzidzNBzZ F 24
not yet RTP or purchase order. For this forecast, it is unknown whether the custogaéngsto place
orders equal to, larger than, or smaller than their preliminary forecast. To be able to construct a good
MRP, we introduce a forecast facttwr be able make the MRP more accurate in each phase of the
season.This forecast factor is multipliewith each preliminary forecast before it is used in the MRP.
When making a production schedule at the start of the sea3amancan set the forecast factor on

1.1 so the schedule is made in such a way that it can cope when purchase orders appeargembe |
than their preliminary forecastThis can be regarded as a sort of safety factwhen making a
production schedule at the end of tleeasonthe forecast factor can be set to MienTamanexpects

less purchasing orders for certain preliminary fmasts.Thisforecast factoican easily be changed each
time the MRP is made

2) Bill of Materials (BOM) and the current inventory level of dashed productsubassembly and
part
Thebill of materials BOM) is a list thatshowsthe composition of a fished product. Each finished

product is made of subassemblies (SAS) and parts. Each SAS is again composed of parts. A SAS is a

combination of parts that is assembled immediately after production of the parts. Obtaining the type
and number of parts presentia finished product can be quite difficult. Some finished products consist
of multiple SAS and parts, of which some of these SAS agaistainmsrts. Using the BOM, we made

a list presenting for each finished product, the type and number of parts afhwtheyare composed
Table5 shows the BOM of all moldasted parts of a Daytonahich is a sunlounger. The first column
shows the BOM level. The sexbBOM level show the SASone level higher in the BOM. The third
BOM levekhow thematerials,SASand parts of the second BOM leveFinally, the fourtBOM level
shows the part®f the third BOM level

25


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj25Mrw3vjdAhULJlAKHa5pA58QjRx6BAgBEAU&url=https://www.kiemt.nl/netwerk/universiteit-twente/&psig=AOvVaw2Cq1ZLPHgLVTsX-bcLjIXc&ust=1539153264842164

UNIVERSITY

1 213720 213720 Daytona grap + cus cool grey 009 std 1 20
2 213720 688907 SAS TABLETOP DAYTONA GRAPHITE 1 10
2 213720 688918 SAS BACK/BASE DAYTONA GRAPHITE 1 5
3 688907 683541 Tabletop Arizona/Daytona graph 2 0
3 688907 683542 LEGS MIDDLE DAYTONA (2x) GRAPHITE 2 0
3 688907 683543 Feet Arizona / Daytona graph 8 10
3 688907 666022 Montageset stelschroef Daytona 1 5
3 688907 639394 Stelschroef TPEago/NY/Ariz/Luna/Dayto 8 100
3 688918 683537 Back Daytona graph 1 20
3 688918 683538 Base Daytona graph 1 50
3 688918 683539 Backsupport Daytona graph 1 0
3 688918 683540 HINGE 2x DAYTONA GRAPH. 1 0
4 666022 639394 Stelschroef TPE Lago/NY/Ariz/Luna/Dayto 8 100

Table5: Example of the BOM of a Daytona

In the example ofTable5, the Daytona consists of two SAS parts and those SAS parts consist of
NEaLISOGADSEt & p |y RVontagesetRtetsahmef Dayt6aa LD Ny & selsthios2 ¥ y W
TPE Lago/NY/Ariz/ba/DaytcQ 6 4SS . ha fS@St 4amoldcasted fartsiBrcdase 2 4 K SN
Wlontageset stelschroef Daytof A & V 2casted partyigsdlf Rind should therefore not be
considered when making the part list per produEable 9 showshie part list for the Rytona example

of Tableb.

683541 Tabletop Arizona/Daytona graph 2
683542 LEGS MIDDIFAYTONA (2x) GRAPHITE 2
683543 Feet Arizona / Daytona graph 8
683537 Back Daytona graph 1
683538 Base Daytona graph 1
683539 Backsupport Daytona graph 1
683540 HINGE 2x DAYTONA GRAPH. 1
639394 Stelschroef TPEago/NY/Ariz/Luna/Dayto 16

Table6: Part list for the Daytona

To be able to know how many panteedto be produced, we need to know how many finished

products are needed and what the inventory level is of the finished product, the SAS and each
AYRAGARdzZEf LI NI ® C2NJ SEFYLX ST 6S 61 yid (G2 LINRRdzOS
part is shevn in column 5 ofrable5, we can calculate how much of each part has to be produced (see
Table7). When weO I £ Odzf | G S (F&eSArizbdaY Daythida grdph W S KI @@, wé2 LINE R
know that we need in total 800 pieces (100 * 8). There are 20 finished products in inventory that
contain a total of 160 feet pieces (20 d8) ¢ K S NSBS TARIETQP DAXYTONAGRAPHNE Ay @Sy (2
that contain 80 (10 * 8) feet pieces. Finallyete are 10 feet pieces in inventory.,8ototal, there are

160 + 80 + 10 = 250 feet pieces in inventory, which results in a production quantity of 250G-)

550 feet piecesAfter the quantitiedfor this production order is made, all inventory les@re updated

and the process is repeated for the next order. These ordersegeencedased on their delivery

date starting with the order with the first delivery date. In this way, the inventory is first used for the

orders that have to be deliveredi.
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683541 Tabletop Arizona/Daytona graph 2 200 40 160
683542 LEGS MIDDLE DAYTONA (2x) GRAPHITE 2 200 40 160
683543 Feet Arizona / Daytona graph 8 800 250 550
683537 Back Daytona graph 1 100 35 65
683538 Base Daytona graph 1 100 75 25
683539 Backsupport Daytona graph 1 100 25 75
683540 HINGE 2x DAYTONA GRAPH. 1 100 25 75
639394 Stelschroef TPE Lago/NY/Ariz/Luna/Dayto = 16 1600 250 1350

Table7: Overview of production quantities considering inventory levels

3) All parts and their machine group and mold that are needed for production

To make the MRP, we need to know which machine group and mold are needed for the pyoahict

a certain part. The machines can be divided in 6 machine groups, each machine group has a certain
force they can use on the mold to cast the parts. These groups are divided in 50, 350, 650, 800, 1000
and 2300ton machines Each group consists of @ T machinesvith atotal number of 5 machines.

Each mold is dedicated to a certain machine group. Every part is therefore made on a machine of the
same group. In the current situation, each mold has a preference machine to be installed on, but as

long aghe machine group is correct, the mold can be installed on every machine of the same machine

group.

When a machine is going to produce another part, the mold has to be changed since the mold is part
specific. This job requires personnel, equipment anakti At this moment there are two employees

that are allowed to perform mold changes. A mold change on larger machines take significantly more
time than a mold change on smaller machin€able8 shows the number of hours it takes to change

a mold. Tlese durationsare averages because some molds are easier to change than others. The
personnel that executes the mold change® only available in the day shift from 7:00 to 15:00, so
mold changes can be executed 8 hours per day. Due to the personnel limitation airdeHimnitation,

there are 16 hoursavailable per day to executemaold changeWhen two parts using the same mold

are producedneafter the other, no mold change i®quired This can be the case whdar example

a color change idone.

50 0.8
350 2.8
650 4
800 4.8
1000 6.4
2300 8

Table8: Number of hours it takes to perform a mold change

4) Production time needed for each part

Each mold has a certain number of parts that can be made in one cycle. A cycle is the period when the
synthetic grains are pushed into the mold, the mold is being pressed together by the machine and the
finished product is picked ujpom the mold The number of parts made in one cycle varies between 1

and 8 pieces and is only dependent on the mold. The time of one cycle varies between 26 and 210
seconds depending on the mold and the machine group. Based on these data, we can calculate the
machine time to poduce a certain number of parts. Not all parts are produced solely on a mold. For
SEFYLX ST GKS fSFd I N¥YNBad FyR GKS NAIKG | NYNBai
The left armrest is in this case the main part and the right armi@st iO2 Yy a A RSNBR | a (K
LINE RdzZOGQd ¢KSaS aKFIR2¢ LINRPRdAzOGaAa oAff fgleéea o0S L
We therefore do not need to take into account the shadow products in the MRP.
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When a part is being produced and the correspmigdmold is installed on the machine, not all
production time can be used for actual production. Sometimes, the parts do not meet the required
guality conditions and the machine has to stop to investigate the cause. It is also possible that the
machine fds, or a mold is not mounted correctly. To cope with these kinds of possibilities, a yield
factor is introduced. This yield factor is a number larger than 1 and this number is multiplied with the
cycle time othe duration to produce oneroduct. This leaslto a more realistic view of the reality and
besides, the production schedule does not have to be restructured each tsnealidelay of some

sort occurs. This yield is set to 1.1 based on the experience of the employees but can easily be changed
each tme the MRP is made.

4.3.2 MRP output

After we have acquired all needed data, we can start making the MRP. First, based on every forecast
and purchaseorder in SAP, a line is created for each finished product including the due date and the
quantity of the order. Next, using the BOM, a list is made of the parts that are used for the finished
products. This list also contains the number of parts neededre finished product. When combining
these two lists, we know of each part how marigces havéo be produced and whaheir due date

is. Now, we can add the routing and add the information about ¢berespondingmold, machine
group, cycle time,and number of parts per mold presdhen we only need to know the current
inventory levels of the finished product, SAS and the parts to calculate howahaaghpart stillhas

to be produced To do this, we need to sort all parbasedn their due date sire the inventory will

first be used for the parts that are produced with the earlidstiverydate. Using the cycle timand

the number of partgper mold press, we can calculate the number of shiftpuired for production.
Table9 shows an overview of a small part of the MR#Psome of the production order lines, the
number to produce is 0. This can be the case when there is enough inventory avaitdbkegurchase
order, so no production is required.

Material  Part Machine Mold Number Due date Quantity Purchase Numbers Cycle Number
number number group of parts needed order to time per of shifts
per mold per quantity produce  mold to
press finished produce
product
213720 683542 650 683542 1 27-4-2019 2 500 0 57.78 0
217683 683542 650 683542 1 27-4-2019 2 225 0 57.78 0
217683 683542 650 683542 1 1-5-2019 2 500 0 57.78 0
218754 683542 650 683542 1 1-5-2019 2 345 0 57.78 0
228637 683542 650 683542 1 1-5-2019 2 1850 3500 57.78 8
234729 683542 650 683542 1 1-5-2019 2 1200 2400 57.78 5
198768 7 670127 7 650 7 670127 7 1 7 6-5-2019 7 1 1500 1500 155.00 7 9
235984 | 737624 @ 650 737624 1 10-5-2019 1 3200 3200 100.00 11
206455 661852 650 661852 1 26-4-2019 2 312 0 57.78 0
217982 | 661852 @ 650 661852 1 26-4-2019 2 297 0 57.78 0
244437 661852 650 661852 1 27-4-2019 2 684 0 57.78 0
198861 | 675885 @ 650 675885 1 16-9-2019 1 500 0 53.33 0
198861 675885 650 675885 1 30-9-2019 1 1000 750 53.33 2
198861 | 675885 = 650 675885 1 14-10-2019 1 750 750 53.33 2
198861 675885 650 675885 1 28-10-2019 1 2500 2500 53.33 5
198861 @ 675885 @ 650 675885 1 11-11-2019 1 500 500 53.33 1
198861 675885 650 675885 1 25-11-2019 1 4000 4000 53.33 8

Table9: Overviewof a small part of the MRP
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4.4 Productionscheduling

After the MRP is finished, the production scheduling process can start. Based on this MRP, the
production scheduling process decides when to start a production run, how long this rtakejind

on which machine the run will bé&Vhile constructing thigproduction schedule, all constraints are
taken into account so the production schedule will be feasible. To make a feasible production scheme,
we choose to use a priority rule based scheduling method. This is a fast and easy method that is often
used to buld a feasible production schedule. The priority rule based scheduling method consists of a
priority rule and a generation schemBubgction 4.4.1 discusses which priority rule aloose Then,
Subegction 4.4.2 discusses which generation scheme we hawesech Finally, Subsection 4.4.3
explains the way we implement the priority rubmsedscheduling methodaking into account all
constraints

4.4.1 Periorityrule

There are a lot of different priority rules that can be used. We discuss the earliest due datedneth
and the shortest processing time method. These are tmall-known priority rulesand are often
applied in production scheduling. The earliest due date metsaitbdules thgobsbased on their due

date starting with thgob with the earliest due date. This priority rule tends to minimize the maximum
lateness. e shortest processing time method schedules jbles based on their processing time
lengthstarting withthe job with the shortest processing tiea This priority rule tends to minimize the

mean flow time which is the average finished date of all jobs. Because the main goal of this research is
to increase the orders delivered on time, we choose phmrity rule that minimizs the maximum
lateness, which is the earliest due date method.

4.4.2 Generatiorscheme

There are two generation schemes that can be used for the production scheduling process: the serial
schedule generation schem&SGXAnd the parallel schedule generationhgtne (PSGS)The SSGS
method selects the job with the highest priority and schedules this jolthe first available machine
taking into account all constraint¥he PSGS method selects the first machine that is avagalole

then searches in the prioritlyst which job can fihere, starting at the top of the priority list. When a

job fits on the selected machine while all constraints are taken into account, the job is scheduled.
According toKim & Ellis Jr (2010)he SSGS method leads to better resuftart the PSGS method
Furthermore, The SSGS metlredjuireslesscomputation timethan the PSGS method.

4.4.3 Implementation of the priority rule based scheduling method

Before we can start constructing the production schedule, we need to change the MRP so that it is
ready to be used as input for the priority rule based scheduling method and we need to define the
constraints.Subsection 4.4.3.1 and 4.4.31Bcuss these tar subjects.

4.4.3.1 Prepare the MRP foise as input for the priority rule based scheduling method

The MRP cannot be used immediately as input for the scheduling method. First, the production order
lines of the same part numbers and the same due dates are sumogedhter in one row. For example,
rows 3 until 7 ofTable9 have the same part number and the same due date and are therefore merged

to one row. The totaproduction quantity of the merged row is 0 + 300+ 2400=5900pieces and
:

z z

the total number of shifts are p @ shifts. Because we do

not plan parts of a shift, we reserde shifts for this merged production ordef.able10 shows the
updated MRP schedule when this rule is implemented.
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Material  Part Machine Number Due date Quantity Purchase Numbers Cycle Number
number number group of parts needed order to time per of shifts
per mold per quantity produce  mold to
press finished produce
product
217683 683542 650 683542 1 27-4-2019 2 225 0 57.78 0
217683 = 683542 @ 650 683542 1 1-5-2019 2 3895 5900 57.78 12
198768 670127 650 670127 1 6-5-2019 1 1500 1500 155.00 9
235984 | 737624 | 650 737624 1 10-5-2019 1 3200 3200 100.00 11
217982 661852 650 661852 1 26-4-2019 2 297 0 57.78 0
244437 | 661852 @ 650 661852 1 27-4-2019 2 684 0 57.78 0
198861 675885 650 675885 1 16-9-2019 1 500 0 53.33 0
198861 675885 @ 650 675885 1 30-9-2019 1 1000 750 53.33 2
198861 675885 650 675885 1 14-10-2019 1 750 750 53.33 2
198861 @ 675885 @ 650 675885 1 28-10-2019 1 2500 2500 53.33 5
198861 675885 650 675885 1 11-11-2019 1 500 500 53.33 1
198861 @ 675885 @ 650 675885 1 25-11-2019 1 4000 4000 53.33 8

Tablel0: Updated MRP overview for production schedule (1)

Although some of the production order lines are merged, the updated MRP cannot be used as input
for the production schedule yet. A motthange between two production runs takes some time and
there is a limit on the mold change employees available per. dagrefore, we choose to use a
minimum number of shifts per production run. Together with the employeékamfian this minimum
number ofshifts is set to 9 shifts (three days) but can easily be changed every time the production
schedule is made. When a production run is shorter than 9 shifts, the next production run of the same
part is added to this production run. This process is repeatsil the production run is at least 9 shifts.
When two production runs are merged, the due date remains the due date of the first production run.
For example, production order lines 7 until 10Tablel0 are merged so the total number of shifts is

at least 9 (0 + 2 + 2 + 5) shifts. The due date of this combined production order is set on the first due
date of the combined orders when productiags required. In this case, the due date is set te030

2019 Table1l1 shows the new updated MRP overview including this new rule.

Material  Part Machine Mold Number Due date Quantity Purchase Numbers Cycle Number
number number group of parts needed order to time per of shifts
per mold per gquantity produce  mold to
press finished press produce
product (sec)
217683 683542 650 683542 1 1-5-2019 2 3895 5900 57.78 12
198768 670127 @ 650 670127 1 6-5-2019 1 1500 1500 155.00 9
235984 | 737624 650 737624 1 10-5-2019 1 3200 3200 100.00 11
198861 675885 @ 650 675885 1 30-9-2019 1 4250 4000 53.33 9
198861 675885 650 675885 1 11-11-2019 1 4500 4500 53.33 9

Tablell: Updated MRP overview for production schedule (2)

Now, the updated MRP overview is ready to be sorted based on the priority rule. We choose for the
earliest due date priority rule and therefore we sort all production orders based on their due date. In
the case of the example dfablell, the production orders are already sorted based on their due date.
After this step, the priority list is ready to be used by the SSGS method for constructing the pmoducti
schedule

4.4.3.2 Constraints for the priority rule based scheduling method

Before the SSGS method can start, the constraints have to be defineck dfe constraink on the
machine availability, mold availabilitgnd mold changs. When a job can be scheduled without
interfering with any of these constraints, the job is planned, otherwise, the next possibility where none
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of the constraints are interfering is choserheTnextthree sections explain the constraints in more
detail.

Machine availabilitgonstraint

The machine on which the job is scheduled must be empty for the whole time period the job is
scheduled. If the job requires a mold change, the machine should also be available during this mold
changeln the weekends and in holidays, usually no producigotione and therefore, these shifts are

not counted when deciding how long the job is on the machine. For example, if a job starts at a machine
on Wednesday and it takes 12 shifts to produce, the job will be finished on Monday because no
production is donén the weekends.

Mold availabilityconstraint

The sameonstraintsasfor the machine availability alsappearsfor the mold availabilityajob can

only be scheduled when the mold is not already in use by anothesjobegonly one mold is available

of each type When the job requires a mold change, the mold should also be available during this
period. If there are multiple machines available of the same product group and at the same time and
one of these machines has the correct mold already instattegljob is placed on this machine.

Mold changeconstraint

A mold change can only be executed in the second shift of the day. So, a job that requires a mold
change can only start in the third shift of the day. Besides the moment of the mold changejshere
also a limitation of the number of mold changes that can be executed per day. This number is
dependent on the machine groups on which the mold changes are required. There are in total two
mold change employees and a shift takes 8 hours. So, there tatalaf 16 hours available per day.

This means that two mold change on machines of the 2300 machine group can be executeal

mold changes onra800 machine group and one on a 1000 machine groupTab&e8).

4.5 Results of the priority rule based scheduling method

The priority rule based scheduling method is finished and the constraints are defined. The next step is
to construct and analyze the produati schedule. When analyzing the production schedwie saw

two remarkable characteristics.

First, there were some machines with only a few jobs scheduled for the season. These are the machines
of the smallest machine group. Due to the earliest due date method, these jobs are planaadyas

as possible. Due to this rule, some products whichdare in June, were already finished in October.

To decrease the number of days production is finished before its due date, we introduced a release
date for the jobs. This release date was set to 150 Bajsre its due dateln this way garden furniture
production for the months January and later can already staBaptembey which is also happening

in the current situation, but jobs on the smallest machine group are produced a bit later to decrease
their stock level and inventory costs.

Second, the ordes being delivered on time were % while the goal of this production plannirgy

98%. One of the reasons for this decrease is the 10% increase of planned production for this season
compared to last season. To copé&hwthis issue, there are two possitigs. We can decrease the
demand or increase the capacity. Decreasing the demand can be done by declining some of the
customer forecasts or giving them a certain maximum order amoliatnandoes not want to limit

their customers, so we have to look at thther possibilitiesincreasing the capacity can be done by
adding extra machines or increasing the number of production days. Because there is no more space
available in the production hall, adding extra machines is not possible. Increasing the number of
production days, however, is possible and is also done ig peisods of earlier seasons. We choose

to start production in weekends from January because this is the start of the season of garden furniture
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and is therefore very busy. We start by addingeameekend and check the new ratio of orders being
deliveredon time. When adding four weekends, the ratio was 98.5%, so we choose the production hall
to be available for all four weekends of Janudrgi{le12).

94.2%
95.5%
96.3%
97.3%
4 98.5%
Tablel2: Orders being delivered in time (P& number of weekends available for production

w N - O

The production schedule is now completely finishEiyure20 in AppendixB shows the flowchart of

the process from the moment the priority list is finished to the production schedule. A part of the
production schedule is shown Figurell. The first row of this figure shows the date and the second

row the shift number. The date only shows production dates, so weekends and holidays are removed
FNRBY (GKS LINPRdAzOGA2Yy &AOKSRdz S ¢ KS f Shhét@amolda Q Ay R
change capacityvill never exceed the maximum mold change capacity per @iag. numbern the

most left columnindicates thetonnages of the different machine¥he colored bars in the production

schedule shovin which time period the prodction ofa certain job is doné/Vhen two successive parts

use the same mold, no mold changeaésguiredand the parts are produced immediately after each

other, such as in the last raw

Date 1-11-2019 2-10-2019 3-10-2019 4-10-2019
Shift 1 2 3 1 2 3 1 2 3 1
350 M
350 M
650|Back cover California Graph. - M
650
§50|Back California Graph.
650|Seat California Graph.. -
800 M ARMLEGGER R. FLORION 5-POS R. GREY

7-10-2019 8-10-2019 9-10-2019

1000 M Base Daytona graph ‘ - M Leg Jaipur graphite
2300 | [ Seat Jaipur cappuccino

Figurell: Example of a part of the prodtion schedule

4.6 Conclusions

To design a process for constructing a production schedule, a few steps in the manufacturing planning
and control frameworkaveto change considering the current situation. Small charagesmadein

the master production schedelstep.The materials requirements planning step and the production
scheduling step are completely redesigned.

Some of the B2B customers do not place their forecasts and purchase orders in SAP. For these
customers, it is important to add their forecastdanustomer orderdo the MPSmanually or spend
time to get those customers enter their forecasts and orders intB&mRselves

The materials requirements planning is a step that requires a lot of calculations. This step results in an
MRP of which each line reflectspaoduction runincludingthe part number, the number of parts to
produce, the corresponding machine and mold, tlyele time, and the number of shifts it takes to
produce. Each line in this MRP has a minimum length of at least 9 shiftsTlomgequence of these
linesin thisMRPisthen chosenbased on thepriority rule.

Many decisions are made in the production sghking method.We chooseo use theearliest due
date priority rule to minimize the maximum latene¥ge also choostor the serial schedule generation
scheme method becaughis method leads to better results aritd computation time is shorter than
the parallel variant(Kim & Ellis Jr, 2010Finally, three constraints are discussed, so that the resulted
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production schedule is also feasible. The constraints are based on the machine availability, mold
availability and mold chage possibility.

After the first production schedulés constructed two decisions are made. The first decision is the
choice for setting release dates for each job 150 days before its due date. The second decision is to
produce in four weekends of JanyafThis decision is made, so that the ratio of orders delivered on
time is at least 98%. After these changes, the production schedule is feasible wbe &8he orders
aredelivered on time.

Using the SSGS and the earliest due date priority rule, alkena feasible production schedule. In
Chapter 5, wéntroduce an objective function and use an optimization method to improve the current
production schedule.
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