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ABSTRACT
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identifying costsavingand alternate sourcing strategiEature work may explore extending the
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1 Il ntroducti on

1 . Probl em Statement

Over the past five years, the automotive industry has faced significant headwinds. As the

industry navigated through the COUD® pandemic, mangriginal equipmenmanufacturers
(OEMs) encountered disruptions in their supply chains, notably in the procurement of chips and
semiconductors. In parallel, the industry has contended with costly labor issues, inclnidéth
Auto Workersstrikes and an aging workforce. These challenges have been further compounded
as the industry accelerates its transition towards electric vehicles (EV), which require significant
investment to retool or standup platasupportEV production.Coupled with inflationthese
issues resulted in increased produetand distribution costs across the industry, and the
industryds r espons eitsppergtioralllasdsapet r ansf or mati on

To remain competitive, OEMs mushgage ircostreductionactivitiesby either
increasingheefficiency of their production linestreamliningand simplifying the design of
their vehicles, or improving their sourcing strateg@sen the level of coordination between
engineering, manufacturing, and supply chain requirestipporithese activities, many of these
projectsrequiremulti-yearandcapitatintensiveeffortsto carry outand are not reversible
without going through another muitear cycle taefine or rectify the implemented projeEor
example, a vehicle launching in 2023 would have had any major design, manufacturing, and
sourcing decisions made in the 2019 timefrabDecisionmakingthis far upstreanmherently
grapples witrsignificant levels of uncertainty as the vehicle design remains unfinaimbd
projectedproduction volumes may natign with sales volumes once a vehicle enters production
Furthermore, economies of scaknwork for or against an OEMseven small perturbances in
volume, demand, or cost cgive wayto fluctuations worth millions of dollars in total
production costs.

One way to minimize costs g/ identifyingthe lowestcost sourcing strategy for a part
or assemblyWhen a vehicle is allocated to a plant, some parts, mostly large metal or plastic
parts and parts that are visible to the customer, are always produced at the plant where the
vehicle undergoes final assembly. Other parts, usually those that the OEM martucie
themselves, are outsourced and multiple suppliers submit bids to produce theséheas
parts include electronic assemblies, windshields/aivs] wiring harnesses, etc. Even when

parts are outsourced, the supplier may be near-sitenthis strategy allows the OEM to benefit
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from short, lowcost shipping routes and improved lead timfdsusands of parts need to be
sourced, creating a significant load on the procurement organization. Due to the complexity of
managing and evaluating costs for thousands of partsjérstas many suppliers, simple
evaluation methods were put in place to simplify this workflBecent workQueiros, 2021)
made strides to create a more comprehensive evaluation of supplieeadgtinstantly
allowing procurement to be more efficient and handle more cost complexity.

Some parts and assembinesult ¢eo bat do@alcledde s
categoriesThese parts and assemblies fall into the scope diMlaéke V's. Buyo workstream.
These are assemblies that the OEM can produce
critical to the external quality of the vehicleistorically, very few assemblies fell into this
category, and, when considerifiglake Vs. Buy for a particular set of assemblies for a vehicle,
bids were between producing the assemblpat ve hi c|l e 06 s forpnoducingdhe s e mb |
assembly ah single supplierThis comparisois simple However, it doesnodt e
production scenarios that leverage internal manufacturing netwoekalratebids from more
than one suppliehis simplificationmakes the workflowmanageabléor the supporting groups
since developing Hnouse sourcing costs for a single assemdxyiresinputs from design,
manufacturing, finance, procurement, and supply cAdiase studies often include multiple
assembliedurther amplifying the workGiven the complexitywhich is the number of unique
vehicles/modelproduced in a plant or on a linaf,the production lines at the OEM, all forms of
sourcing for multiple vehicles may overlapany given period

This overlapping of sourcing activitiésr the supporting function®n top of the other
duties, can create long lead timesdetting information to complete the-house sourcing
studiesfor the makecase andafterweeks or months ajathering inputsthe study may show
thatinternal sourcing is not casbmpetitive or that internal capacity cannot support the required
production volume. Despite this, the Make Vs. Buykstream has become more prevalent and
will continue to increase ircepeas OEMdook to improveasseutilization, make more
strategic Make Vs. Buy. decisioredto remaincompetitive as they face increasing costs from
suppliers.

To prevent the issues described in this section fyastiferating this project aims to
proactively address some of the shortcomings of the current Make Vs. Buy study workstream.

The goal is to develop an optimization model that minimizes the total dedivesof



assemblies, with a focus on stamped assemhli@sh make up the largest groupiofscope

partsfor Make Vs. BuyT h e p robjgctve ¢ad kee summarized into thebjectives below:

1. Efficientl-gompenitt fyecostdbgsmbéoel fngtbes
l nputs and capacity constraints
2.Uncovesawiorsg opportunities bgTef@pnl bating

I nternal production scenari os

This optimization model can be utilized by the OEM to determine the moskeffestive
approach to producing an assembWether that be insourcing or eadurcing before
committing to a full studyThis is achieved by modeling the calculations and inputs from groups
that support Make Vs. Buy studies. By modelin
internal manufacturing networkhemodelcan provide the OEM with an optimahd feasible
sourcing strategy for all the assembliegler studyoy comparing the optimal thouse total

delivered cost with the outsourcing cost

1.T?hesi s OQOutline

The thesis is divided into 5 sectiofisbegins withthebackgroundthe approach, the
methodologythe methodology applied to case studasd ends with a discussid®ection 2
defines key terms, provideshighrl evel overvi ew of (tfilseesWEHMOS ope
literature review ofmakeor-buy and the optimization approach. Section 3 goesaidttailed
description of the cost and capacity data for the plants, characterizes thatpdor the case
studies highlights the differences between the future model and past model parts, and formulates
the optimizatiormodel. Section 4 provides the output of the model under different scenarios to
develop use casesrfthe modelSection 5 concludes the thesis with a discussidimitations
and improvements for this wiarGiven the strategic and potentially sensitive nature of the work,
thef i rm wi | | be r e fteemaintairda sénse ofaasonymityend iallOvE tetthesis
to focus on methodologies and outcomes rather than the ideintitg firm.

1.Tshe€omwtributions
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The thesis introducemninteger progranthat ntegratesost, capacity, and logistics data to
guide decisiormaking in the "Make vs. Buy" proceskypically, a linear prograr(LP)
following manufacturing network framework can be applied tottipse of problem.The LP
framework can satisfy demand from multiple sources, going from the lowest cost to the highest,
butthe OEM must allocate all volume to a single souftris, multisourcing is not optionlo
facilitate a single source approach, theearchedevelogd and formulatedn approach using
an integer prograrderived from the knapsack probleiihe knapsack problem is commonly
used to allocate resources to optimize for a given parameteauch, it is well suited for the
OEMb6s pr obl e s approachalkbwieihd nnodehto gerierate make or buy decisions
itself, abiding by the logic used by the OEBY building the decisioimaking entirely within the
model, it is able to more effectively utilize resources in the complex and vapiablang

horizonautomotive manufacturers face.
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2 Background

2. Company Overview

The OEM is a multinational automotive manufacturer with operations in Asia, Europe, and
the Americas and ranks in the top 25 automotive companies by sales volume. This work was
performed for the North American subsidiary, consisting of the United Stagsdyland
Canada. The OEMO6s No areimthe AmiedrSiateseand M@xice, thisis i o n s

commonly referred to as the fAiRegion. o0 The Reg

with the coalescing of leadership across the Region, and st teeeonvey unity across the
OEMG6s North American Operations. While the
aligning culture, and encouraging increased
ongoing endeavor.

Themanufacturing strategy teatfior whom this work was performed, was created in the
same decade. The officeds scope of work was
carry out this work, it has several teams each with its own set of responsibilities. Chiefly, these
teans coordinate activities around the future
includes dealing with vehicle volume allocationssite and orsite supplier strategy, digital
transformation, investments in enhancingmafacturing capability or capacity, and makebuy
studies for plants within the Region. From an organizational perspective, it also serves-as an ad
hoc analysis group for the manufacturing leadership team and often liaisons with the global
headquarters6é strategy team.

The researcher was embedded withititistrialstrategy team while undertaking the
research. Thendustrialstrategy team focuses on vehicle volume allocations, investments in new
manufacturing capabilities and capacity, anecoordinates maker-buy studies.

At the onset, the focus of the research was to help determine@ptiosal approach to
develop a facility or set of facilities that would allow the OEM to supply past model aftersales

parts. fAAftersales ref er s iedtodusiommersadtar theyc e s ,
have purchased a vehicle. Aftersales services typically include maintenance and repair services,
parts and accessories, and warranty services. Aftersales service is critical as it not only
contributes to customer satisfactiordaetention but also represents a significant portion of an

OEM6s profits. APast model 6 refers to vehic

12
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replacement parts for any repair, maintenance, or warranty claims. S&tmovides more
information on aftersales.

Past model parts in the US are either outsourced to a single supplieslatefir a
flifetime buyo , i n which a final run of theTheart i1 s p
sourcingdecision is typically madey the aftersales teaat or near thend of production (EOP)
dateof t he vehicle. When a model EOPs, it is #fAr
equipment to support the production of the past model is sent to the supplier and, in its stead,
tooling and equipment for the new model isught in.

However, with the relationship with the aftersales supplier souring and the costs of
outsourcing past model parts rising, the focus swiftly shifted to developing an optimization
model that would enable thedustrialstrategy team tevaluate maker-buy decisions for both
new model and past model parts. While past model parts encompass a broad range of part
categories, the focus of this work is on metal assemblies for past models and new models. An

overview of the manufacturing procefor a vehicle is outlined in thhemainder of section.2

2. Dperations

A vehicle begins as a coiled sheet of met al
blankingarea Coils are turned into square sheets of metal and primed for stamping. Once parts
are stamped, they go through a series of welding and assembly operations in the body shop. The
assembl ed body -Hinsvhk (B&W,nwhichss than pairtiedTthe/painted body
then enters the trim and chassis stage. At this stage, the electronics, harnesses, powertrain,
engine, tires, glass, seats, and plasticsratalied.Figure 21 outlines the steps required for

producing a vehicle along with the production processes that are the focusttoésigs

13



Plastics

Trim &
Chassis

Blanking Stamping Assembly | Paint

f

. Subassemblies
Scope of Thesis

Fig@gite Process Flow Overview for Vehi

2. Ztamping

Stamping is a straightforward process. Metal blanks enter the stamping press and exit the
stamping press as a formed part, ready for assembly. A stamped part is formed by progressively
pressing and cutting the blank into a variety of shapes using sexs.al'de design of a die can
be highly precise and compleand the machine in which the dies are placed produces hundreds

of parts per hourFigure 22 depicts the inside of a stamping die.

Figure2-2: Image of Stamping Die for a Hood

(Enhancing Durability of Automotive Stamping Dies with Plasma Nitridind.)

The downside of the stamping process is that housing the machinery, tooling, and dies
requires large amounts of floor space. In addition, space for material storage, material handling,
and safety areas add to the footprint of a stamping gfegge 23 provides ahypothetical

layout of a stamping plant.

14

cl



Fig@g8e Layout

Part Storage

Die Storage

of a stamping shop

When thinking aboutapacity for parts, not only does the OEM have to consider process

hours but also storage for tooling, equipment, and the parts themselves. For production parts, a

part is run every run for 2 to 3 days depending on downstream demand. Past model parts are r

as needed with no specific cadence. Once a part is stamped and racked, it moves to its

designated storage area, and depending on the dimensions of the part, several racks may be

needed to store enough inventory until the part isagain Figure 24 represents the process

flow of apart.
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The Body Shop is made up of multiple assembly lines, one for each model the OEM
produces in a plant. An assembly line is made up of several feeder lines and a main line. An
assembly line can be thought of as a tree, with the leaves being assemblyecbiisntmes
being the feeder lines, and the trirdingthe main line. The feeder lines are where parts begin
assembly and consist of multiple assembly cells. Each assembly cell performs a joining process
on the parts that are fed intd ian operator issually stationed at the assembly cells to assist in
prepping and loading parfShe number of parts needed for an assembly can be between the low
single digits to the high teen&utomation takes over after the first stage of a feeder line, and
robots move and load parts onto the secondary stage of the feeder line or onto the main line. A
production part will go through the entire assembly process whereas an aftersales pary may onl
require assembly within the scope of the feeder line operations. Thehprud these stages is
near the overall rate of production, or JPH, of the plant. The throughput of the press lines is
many times that of the Body Shop, allowing the OEM to store several days of inventory for
stamped parts while only using a few hourgrductiontime of a pressFigure 25 provides an

outline of the process.
Scope of Assembly for Aftersales Part

Feeder Line

Cell

Cell [ Cell
Cell | AN

Feeder Line //

Cell |, /

1 cell

4  Main Line Paint

cen |’

Scope of Assembly for Production Part

Figahbe Layout of Body Shop

This thesis focused on sourcing parts as they enter the feeder line or in the first stage. At

the earlier stages of assembly, the only requirement for inventory is that it is available at the time
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itds required, no mat t e BIWthatare @itical to theappe&taneee v e r
and quality of the vehicle are always sourcetionise. Fortunately, these parts are often-cost
competitive to produce thouse due to their size since they are larger and less logistically

efficient than smaller part&igure 26 represents the frame of a vehicle after exiting the Body

Shopi note the bumpers are notpresentat thist age i n .the vehicleds |

Fi g@6.e BodWhi tseouszme,

2. %ehiLcaluench Ti mel i ne

The devel opment and sourcing of a vehiclebs
enters production. At this point, the vehicle
majority of the detailed design are known. A vehicle, across allnts triequires anywhere from
2,000 to 3,000 parts. A trim is a version of a vehicle that is equipped with a specific set of
features, options, and performance capabilities. Different trims allow the OEM to serve different
segments of customers with the sgrtaform. Sourcing these parts requires tremendous effort
from the manufacturing, procurement, and supply chain tedost.parts are sourced from
suppliers. These suppliers can besite, neaisite, in the Americas, or overseas. Higilume
parts, which are those that are used for every trim, are typically sourced as close as possible to
the plant. To limit the amount of ch@e-over work required when sourcing parts for new
vehicles, the OEM relies on caroyer, carryacross (COCA) parts. These are pHrtg can be

carried over from older models or carried across froqroduction models. Designing new
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models with COCA parts reduces the workload on all parties that suppdevbi®pment of a
model . Sourcing decisions are not easily chan
entire production lifecycle, whicis usually 7 years.

As touched on in the prior section, a subset of the thousands of unique parts required to
build a vehicle are always sourcedhause. The parts always produceghouse are constrained
to a subset of parts that are critical to the quality of the velpatés that confer a competitive or
technol ogi cal advant age, or parts that requir
manufacturing capability. Between the alwaygsourced parts and the alwagsourced parts,
lie even a smaller subset of patiat are candidates for make. buy. The candidate parts are
stamped or assembled metal parts, plastic parts, commonly known ap fatscend
subassemblies for trim and chassis. In terms of capacity, or investment to develop capacity, to
make parts within this scope, stamped or assembled metal parts are the desitiesing an
assembly may require multiple stamped parts, which themselves require unigue die sets, to be in
sourcecand the assembly process itself requires shop floor space to accommodate production
The cost of the die sets and a cell doesnoét v
footprint of the tooling takes up significant floor spa€mor space is quickly consumed as
complexity increased fascia part requires a single méldome assembly of the fascia is
required to install harnesses and etmucs. The maximum throughput of the injection molding
machines, which produce fascia parts, is near the maximum throughput of the production line.
Fascia parts for highiolume models may require investment in additional injection molding
machine(s) to aetjuately support demand. Producing trim and chassis subassemblies requires an
area to store parts and an area to assemble parts.

Stamped and assembled parts have the largest number of candidate partsanbugke
as such, a case study is analyzed for these categories of parts in parallel with past model stamped
and assembled parts. The following sedioffier and overview and tmeline of the makeor-

buy process at the OEM.

2. MakwesBugt hGEM

Manufacturing companies achieve letegym cost reduction and maintain cost
competitiveness through strategic insourcing and outsourcing different components of their

product. This decisiemaking process, typically referred to as M&lse Buy, is critical for
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several reasons: maintaining cost efficiency, leveraging core competencies, managing capacity
and resource utilization, and developing strategic partnerships and relationships.

Developing a makes. buy analysis can be an intensive process and involves alignment
across several functions and groups to reach the point where a decision on whether to outsource
or insource a part or assembly can be properly vetted. However, often these analyses are not
exhaustive of all potential production scenarios, and the production scenario that is analyzed may
not be the least costly optioA.production scenario details the allocatiafigprocess of an
assembly. For example, an assembly ansubsssemblies can all be producetidgnise, or they
can be outsourced. If madehiouse, the parts could be sourced from any of the facilities the
OEM has in servicddow does afOEM, at the onset of an analysis, determine the right
production scenario to fully develop? Consifiggure 27, assembly A is made of component B
and component C. All elements of this part camisourced omanufactured by anglantthe
OEM owns.

Final Assembly ﬁ

@ Feeder Cell

Level 1

@ O

Fig@gre Assembly Structure of a Part

Each component must arrive at assenfidys | ocati on, and the asse
at the final assembly location. If there are 3 production options, 2 factories and 1 supplier, for
each component and the assembly, there are 9 total production scenarios. Ho@Edh an
identify and select the most cesffective scenario for analysis, ensuring that the identification
process does not adversely impetschedule or create excess work for supporting functions?
Furthermore, how does the organization addrsituations where multiple assemblies require
sourcing? Or when there are capacity constraints in each factory? Lastly, how can the
organization address these conditions and still identify optimal sourcing strategies? In response
to these challenges,diproposed solution is an optimization model that can determine the

optimal sourcing strategy givéhe cost, capabilities, and capacities of the factories.
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2. MakwsBuyi mel i ne

A AMeskBBauy 0o study is the process by which t he
or assembly for a new model. Overall, there are four tiers of studies. Each tier is studied in
sequence and is allocated approximately 16 weeks to reach a decision. Each tietazan co
several parts or assemblies. For example, parts that utilize new technologies or processes are
studied in the first tier, which is farthest upstream from the start of production (SOP) of the
model. Each subsequent tier contains parts or assemlaltassthincreasingly familiar

technologies or processésgure 27 represents the mal@-buy timeline for the OEM.

Timeline of Make or Buy Studies
Make or Buy
Study 1
Make or Buy
Study 2
Make or Buy
Study 3
Make or Buy SOP
Study 4

Time — Not To Scale

Fig@g8e Ti mel i maeBuyf SMaukdei es for a New Mod

Given the cadences of the OEM6s vehicle | a
may overlap at any given time. In contrast, the makéuy study for past model service occurs
closer to a given model 6s EOP date and does n
tiered methodology is a sound strategy when a part may require the development or sourcing of a
new manufacturing processdatherefore may require more timepieparethe plant for the
introduction of the process. Past model parts daemuire as much runway. At this point, each
pastmodep art has a @Al i f et i merithisswdyisearriecootmytthenued pr
aftersales teanfigure 28 highlights the maker-buy study cadence and its timeline for a past

model part.
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Timeline of Make or Buy Study for Past
Model

EOP

Make Or Buy

Time — Not To Scale
Fig@9%e Ti mel i meBut ublgk € or Past Model

Note that the maker-buy decision for a past model occurs relatively close to its EOP
date in comparison to a future model. This is a benefit of having the tooling, design, and
equipment finalized for several years. Continuing to make a past modelqast little capital
investment while outsourcing the part requires the transfer of the tooling and processes to a
supplier. The challenge arises when a model that is starting prodregianesthe capacity that
a model that is ending production occugpleigure 210 highlights the gap in decisiemaking
that could lead to the costly outsourcing of a past model part.

Timeline of Make or Buy Studies for Future
Model and Past Model

Make or Buy
Study 1
Make or Buy
Study 2

Make or Buy

Study 3

Make or Buy
Study 4

- = L = = = i =T ———

Sop
T EOP|
Make Or Buy
Past Model
1
r
Time — Not To Scale Changeover Gap

Figai@e Ti mel i meBuyf SMawkd es for SNew and
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The fADecision Gapo, while not shown to
activities.Closing this gap allows the OEM to evaluate the opportunityafasitsourcing a past
model part to insource a future modeistorically, this gap was not an issue. The OEM could
reliably and profitably source past model production to their supplileeit at a higher cost.

When trading off capacity between future model and past model parts, future model parts were
given priaity if cost advantages could be gaihby insourcinghe future model part

Operational and financial metrics could be improved through this strategy asheéiéroverall
equipment effectiveness (OE&Nd lower overhead by moving a higher volume of parts through
the plant. However, the disadvantages of having a sole supplier for past model parts began to
manifest. The supplier began to ratise prices ofjuotes and, in some cases, declined to quote a
part at all. Thus, a once extremely profitable vertical for the OEM began to succtimb to
challenges that arise when a customer has limited bargaining power. Leverage became limited,
terms were not as favorable, and parts they expected to outdmutroe longercould mayhave
already had their capacity allocated to a future model part. For upcomingvenake decisions,

the OEM wants to consider future model parts and past model parts holiskzale2-11

repr esenttsb & cth ec adinvdaintti on f or subsequent sour

Ideal Timeline of Make or Buy Studies for
Future Model and Past Model

Make or Buy
Study 1

Make or Buy

Study 2

Make or Buy
Study 3
Make or Buy
Study 4

Make Or Buy
Past Model

Time — Not To Scale Changeover Gap

Sop
EOP

[y
>
I . T T T

S

ca

Figait® Proposed Ti méBluiyne&tfuadn edaker New and

Ideally, sourcing decisions are made with information okradwnfuture production
scenarios.
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2. Aftersales & Pas$t hGBMMdel Service

The purpose of this thesis is to examine optimization methods that can be used during the
Makevs. Buy workstream to minimize the cost of producing and delivering a car part or
assembly with respecttbec apaci ty constraints of the compan
However, the project from which the thesis is derived was originally aimed at designing a
costoptimized facility that would exclusively produce aftersales parts and assemblies. Aftersales
is a term used to describe all items of a vehicle that are purchased after a vehicle is sold. As such,
aftersales parts include electronics, accessories, antjmpmstantly, replacement parts, which
are also commonly referred to as service parts. An aftersales part can be produced for a vehicle
that is in current prodttion or for a vehicle that has ended production, this category of vehicle is
typically referredto aafi Pa st  Te dile 6f humb states replacement parts must be
available for at minimum 10 years past the mo
There are debates as to whether this is state or federal reg(&itam, 2020) as OEMs
are only required to supply parts widiMbsen a ve
Warranty Act, colloquially known as the fALemo
automakers from shipping a new vehicle that is defectivailsrtb meet advertised quality
standards. Nonetheless, the average lifetime of a vehicle in the United States is 12.2 years
(United States. Department of Transportation. Bureau of Transportation Statistics, 2019)
Providing past model service parts as long as possible can only reinforce the positive
externalities mentioned.
As such, lhere is gorecedence that OEMs must supply service parts for 10 yearthafter
vehicle ends production or else the OEM must buy back, at market rate, the vehicle from its
owner. It follows that past model service parts are a critical channel to serve from both a
regulatory and customer service standpoint. In theory, past modelespavts are parts integral
to the function or structure of a car. For example, an engine, a door, a transmission, etc.
However, in practice, past model service paresparts that can be damaged in an accident but
do not result in a totaled vehicle. A vehicle is considered totaled when the insurance provider
considers the vehicle a Atotal | osso, which o
than its actulavalue. One key point to note is that demand for past model service parts comes
largely from vehicle collisions, which are largely unpredictable and entirely dependent on

AUNiInNOperationd or Ul O. UI O represendadofaan esti
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particular modelThroughouthe 10year past model service period, UIO follows an exponential
decay distribution, with a higher number of vehiclesperation in the earlier years and then
tapering off as time passes. It follows that demand for past model service parts is largely
predicated on the number of units sold and the expected rate-tftated accidents within that
population. This unprediability in demand produces challenges when forecasting expected
demand and when planning for leteym capacity. Over the lifetime of a past model, the number
of service parts produced for it will number in the tens of thousavidsh, when compared to

the production capacity of the assets used to produce the parts, is a small load factor. However,
the equipment used to produce these parts requires floor space for 10 yefosr @pacas a
premium for theDEM. TheOEM faces tradeffs when deciding whether to continue making a
past model service part or contracting pineductionout to a supplier. Allocating floor space for

a single past model doesndt pos eyearmwoductomch of
requirement, the equipment neededdaatinue to produce service parts can begin to take up

more and more floor space as models end produdflany OEMs avoid the slow creep of past
model service by building plantdedicated to the production of these parts. In contrast to other
OEMs, ths OEMsbusiness model focuses on maintaining and investing in a set of longstanding
production facilities shuttering glantcomes with much deliberation. Other OEMs often open,
close, and retogllantsat will. Given theO E M @dherence tas business rodel, opening a
factoryalsocomes after much deliberation, especially if it is in a market that is already being
served by a factory. However, this requires that the company make the bestsipelob nt 6 s
production capacity and square footage. As such, past model service parts have typically been
outsourced. Outsourcing comes at an increased cost, but past model service parts maintain robust
profit margins. The decision to outsource or insource thesembbee is made the year a model
ends productionin the past, past model service was always outsourced in thelQ&ng the
company to reserve space for production parts. Due to the unpredictability in demand and the
unbalanced load past model service places on a factory, only one supplier in the US quotes past
model service parts. Recently, this supplier has been rgagres by hundreds of percent,
cuttinginto, or nearly eliminatingprofits of past model service parts. In responseaftieesales

team proposed the development of a past modeksgplant. Thenvestment in th@lant was

deemed too capitahtensive, especiallgt the time wha OEMswere investing billions in the
production of EVgLienert, 2022)
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2. 291 terature Revi ew

2.9 M Rodel ing

This section outlines the methodol ogy empl
focusing on an optimization approach inspired by the knapsack problem;estadllished
problem in combinatorial optimization. The coretloé methodology is a Mixed Integer
Programming (MIP) modeind is an adaptation of the knapsack proflemKnapsack Pr obl
n.d.). Development of the model was guided by the application and synthesis of several logical
constraints found i§Williams, 1999)

The knapsack problem, traditionally, involves selecting a subset of items, each with a
given weight and value, to maximize the total value without exceeding a specified weight limit.
In this context, the 'items’ represent assemblies orpartt he fAwei ght o and a par
the "weight | imit' Corr es Maue ohthis taseis equiyalerdt d uct i o
to cost we want the lowestost items in the knapsack and that is driven by whether a part is
made or boughiThe adaptationfahe knapsack problem this projectnvolvesminimizing the
cost of items placed i n the #fksnuaphs achkad aan dp aad
assemblys made entirely Whouse and a timseriescapacity constrainThis approach and
methodology may be atypical for this type of problem. However, as the goals of the project
changed, the knapsack model evolved along with it. This problem can be solved using a network

flow approach (LP) as welly applying appropriate logic constraints where 1ssaey.

2. 9Make.BUy

Evaluating sourcing goes beyond developing an economic analysis. The approach
developed by the OEM follows closely with the make vs. buy framework proposed by
(Ordoobadi, n.d.)This approach not only develops an economic analysis but also evaluates the
OEM6s core competencies and concludes with an
research contains parts that have passed the core competency check and have moved into the
economic analysis, which is supported by determining the parameters that impact cost.

There are many benefits to outsourcing elements of a product. A firm can: avoid
increasing its headcount, take advantage of t
focus on developing capability in higlalue work(James A. Welch & P. Ranganath Nayak,

1992) The risks of outsourcing are many, too. A
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critical vertical has gone rogue, putting a p
risks include the inability to react to fluctuations in volume, the lack of quality controthand

inability to developadditionalcore skills(Aron et al., 2005)
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3 Methodol ogy and Formul ati on

The methodology and formulation section details the approacthe cost, capacity, and
optimization models. An overview of the types of data used, thé datar el evance t o t h
and the relationships between the datasets is provided. The detailed optimization model is then
formulated. Tis section iollowed by asectionthatexamines theesults of the optimization

model under different scenarios.

3. Daa

This model relies on two primary data sourgdantdata and part dat®lantdata
encompasses details about epch & apdbilities and capacity over time, labor costs, and
shippingratestop | ant s wi thin the OEMG6s Nor Theseddaner i can
enable the model to identify viable productssenariosin conjunction, part data provides

specifics about asset allocation for each peat] factorlaborhours and logistics parameters.

3. 1P abhatt a

The section describes the plant data used for the optimization, gives an overview of the
operational status of each plant, and describes the relationships between the plants. The OEM has
severaplants, each with unique capacity and capability, in the North American rdgien.
selectedplantsfor this researchvill be referred to as plants A, B, C, D, and E. While each plant
has several dimensions, such as the number of production lines, vehicle allocations, vehicle
volumes, assets, and workshops, thisithéocuses on stamping capacity, labor, and interplant
logistics.

The OE MOoase inthe southers region of the United States egrtral Mexico.

Plants A and Bare inthe United States while plants C, D, andrE incentral Mexico.The

locations of the plants give rise to an internal supply chain network not seen in other OEM
operations. While many OEMs have plants in Mexico, their United States ataritghe

northern regionsf the Midwestrather than the southern regsaf the United StateShe

position of the OEMG6s pl anhebwealbdbbrcosts of Mdxieom t o t
and shorter lead times between plants.

Data from 2023Lu, 2023)show that the United Staamonthly minimum wage is
$1, 550 and Mdahksiratimodgageirates i$ @fleded in thage rates of th® E M6 s
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North AmericanoperationsLower wage rates can lead to advantagesanufacturingcosts,but
logisticscostsmay outweigh thenFigure 31 providesa qualitative comparisoof labor rates

between plants.

Plant Labor Rates

Labor Rate ($/hr)

Plant A Plant B Plant C Plant D Plant E

FigBte Labor Rates by Pl ant

Historically, accounting for transportation costs was not a part of the costing
methodology at the OEM. Over the past few years, the OEM has taken strides to integrate
logistics costs into their costing methodology. If this analysis werewhbea logistics costs
were not consideredourcing parts from Mexico would have appeared to be a viable approach
There are, however, other sourcstgndardshat would have limited that approach
Nonetheless, this approach must arrive at the total delivered cbst édutt or assembly and to
do so logistics costs need to be considesedne routes may combine rail freight and truckload
freight to supply parts to their destination. The interplant logistics faltew standard logistics
rates logic andcale with the distance between the origin and destind&mmexample, shipping
apart fromPlant A to Plant B costs less than shipping a part from Plant A to Pl&aic8.plant,
except for Plant E, has a logistic rate associated with the oaescription of the relative

logistics ratess provided in Table3-1.
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Tab3le Compari skhlnamtf Uongiesti cs Rat es

Qualitative Inter -Plant Logistics Rates

Plant A B C D E
A 0 Low High High -
B Low 0 Moderate  Moderate -
C High Moderate 0 0 -
D High Moderate 0 0 -
E - - - - 0

Notice thatPlant Edoes not have any logistics rates availaBleestimate could have
been made, but Plant E also does not have stamping capability available in its fdeitteese

two reasons, Plant E will be excluded from further analysis.

3.1SPamping Press Capacity

Stamping press capacity is the primary operational constraint within the scope of this
thesi s. Press capacity is criticarunleghnie t o t he
meaning any unplanned downtime longer than 3 days can severely impact the plant if the
affected pressodos | oad candt be stakesperholrut ed t o
(SPH), which can also vary by part, acceptable material type, and torif@g®ages are
obfuscated but are dividediafour categoriesThese thre attributes define the parts that can be

loaded on the press. The values each attribute can take are listed below:

T SPH
o Numeri ¢droani2@26& O

T Material Type
o St € &l)
o Al umiangih e e | (Al'S)

T Tonnage
o Type
o Type
o Type
o Type

A OWDNPRF

Table 32 gives an overview of the press capabilities available at each plant.
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Tab32 Tonnage and Material Capability

Tonnage Plant A Plant B Plant C Plant D Plant E
Type 1 A/S A/S S S -
Type 2 A/S - S - -
Type 3 A/S - S - -
Type 4 S - S - -

In additionto these attributesime series information on the expected utilization of the
presses is availablbltilization can be represented in available strokes or hdorsimplify the
representation gresscapacity presses with the same attributes for tonnage and material type
are represented as one growith the utilization represented in houf$ie shift pattern drives
capacityand can fluctuate given the business plan of the OEM. The types of shift patterns and

their hours are listed below.

Tab33e Shift Patterns

Shift Pattern Hours
1 Shift, 5Days 7.5

2 Shift, 5 Days 14.2
3 Shift, 5 Days 21.4

There are more styles and types of shifts of patterns, but the focus will be on these three
types.

Figure 32 through3% s how capacity information of t he
graph shows a the type of press and its expected utilizatmithe early 2030s. The monthly
available hours are superimposed on the utilization levels, and each shift pattern described in

table 33 is shown.

3C



1 Shift Capacity Utilization of Type 1 Presses
2 Shift Capacity
3 Shift Capacity

Plant A Plant B
7 7 Plant C 7 V - - - 7I"Ialn D - 7 7
HH‘”HHH”HHH|||||||||||||||||||||||I||III||||||||||||||||| Liten . .
Fi gB2e Regi onal t ization of Type 1
1 Shift Capacity Utilization of Type 2 Presses
2 Shift Capacity
3 Shift Capacity Plant A Plant B
E— E No Typ P
Plant C Plant D
% % No Type 2 P

F|gBBe Reglonal Utilization of Type 2
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1 Shift Capacity Utilization of Type 3 Presses
2 Shift Capacity

3 Shift Capacity Plant A Plant B
g E No 'l I
g
Fi g84e Regional Utilization of Type 3
Fi gB85e Regional Utilization of Type 4

To summarize the above data, Péahtand B the US plantsarenear maximum
utilization on a 3 shift patteracross altheir press lingsexcept type 4well into the early
203 0 6 s . Ho we v e r, the Nrekia plantsseeGheia utilzatidh encounter a valley in
2027. These low utilization levels may be due to pendalgmeallocations to these planis.

reality, the OEM will more than likely allocate production volume to these plants in the future.
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