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ABSTRACT  

 

This thesis presents an optimization model for identifying alternate and cost-competitive 

assembly sourcing strategies in the automotive industry, focusing on the "Make vs. Buy" 

decision-making process for a multinational automotive OEM. A ñMake vs. Buyò process 

evaluates the strategic benefits and cost advantages derived from in-sourcing or out-sourcing a 

production process. Typically, one in-source scenario is evaluated, but capacity constraints may 

limit the opportunity to in-source. To combat capacity constraints, the optimization model was 

developed to evaluate sourcing production processes from other plants within the OEMôs 

manufacturing network. The sourcing strategy evaluates production scenarios for multi-process 

stamped assemblies undergo. Utilizing a mixed integer programming framework derived from 

the knapsack problem, the model evaluates all production scenarios to minimize total costs while 

adhering to capacity and capability constraints. Results demonstrate the model's effectiveness in 

identifying cost-saving and alternate sourcing strategies. Future work may explore extending the 

model to encompass broader geographical and operational complexities within the automotive 

sector. 
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1 Introduction 
 

1.1 Problem Statement 
 

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

industry navigated through the COVID-19 pandemic, many original equipment manufacturers 

(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, including United 

Auto Workers strikes 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 plants to support EV production. Coupled with inflation, these 

issues resulted in increased production and distribution costs across the industry, and the 

industryôs response signals a transformation in its operational landscape.  

To remain competitive, OEMs must engage in cost-reduction activities by either 

increasing the efficiency of their production lines, streamlining and simplifying the design of 

their vehicles, or improving their sourcing strategies. Given the level of coordination between 

engineering, manufacturing, and supply chain required to support these activities, many of these 

projects require multi-year and capital-intensive efforts to carry out and are not reversible 

without going through another multi-year cycle to refine or rectify the implemented project. For 

example, a vehicle launching in 2023 would have had any major design, manufacturing, and 

sourcing decisions made in the 2019 timeframe. Decision-making this far upstream inherently 

grapples with significant levels of uncertainty as the vehicle design remains unfinalized and 

projected production volumes may not align with sales volumes once a vehicle enters production. 

Furthermore, economies of scale can work for or against an OEM as even small perturbances in 

volume, demand, or cost can give way to fluctuations worth millions of dollars in total 

production costs.  

One way to minimize costs is by identifying the lowest-cost sourcing strategy for a part 

or assembly. When 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 cannot produce 

themselves, are outsourced and multiple suppliers submit bids to produce these parts ï these 

parts include electronic assemblies, windshields/windows, wiring harnesses, etc. Even when 

parts are outsourced, the supplier may be near or on-site, this strategy allows the OEM to benefit 



 9 

from short, low-cost shipping routes and improved lead times. Thousands 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 parts from just as many suppliers, simple 

evaluation methods were put in place to simplify this workflow. Recent work (Queiros, 2021) 

made strides to create a more comprehensive evaluation of supplier cost nearly instantly, 

allowing procurement to be more efficient and handle more cost complexity.  

Some parts and assemblies lie between the ñalways-insourceò and ñalways-outsourceò 

categories. These parts and assemblies fall into the scope of the ñMake Vs. Buyò workstream. 

These are assemblies that the OEM can produce using internal production capabilities but arenôt 

critical to the external quality of the vehicle. Historically, very few assemblies fell into this 

category, and, when considering ñMake Vs. Buyò for a particular set of assemblies for a vehicle, 

bids were between producing the assembly at the vehicleôs final assembly plant or producing the 

assembly at a single supplier. This comparison is simple. However, it doesnôt evaluate 

production scenarios that leverage internal manufacturing networks or evaluate bids from more 

than one supplier. This simplification makes the workflow manageable for the supporting groups 

since developing in-house sourcing costs for a single assembly requires inputs from design, 

manufacturing, finance, procurement, and supply chain. These studies often include multiple 

assemblies, further amplifying the work. Given the complexity, which is the number of unique 

vehicles/models produced in a plant or on a line, of the production lines at the OEM, all forms of 

sourcing for multiple vehicles may overlap in any given period.  

This overlapping of sourcing activities for the supporting functions, on top of their other 

duties, can create long lead times for getting information to complete the in-house sourcing 

studies for the make case, and after weeks or months of gathering inputs, the study may show 

that internal sourcing is not cost-competitive or that internal capacity cannot support the required 

production volume. Despite this, the Make Vs. Buy workstream has become more prevalent and 

will continue to increase in scope as OEMs look to improve asset utilization, make more 

strategic Make Vs. Buy. decisions, and to remain competitive as they face increasing costs from 

suppliers.  

To prevent the issues described in this section from proliferating, 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 delivered cost of 
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assemblies, with a focus on stamped assemblies, which make up the largest group of in-scope 

parts for Make Vs. Buy. The projectôs objective can be summarized into the 2 objectives below:  

 

1. Efficiently identify cost-competitive studies for further analysis by modeling cost 

inputs and capacity constraints 

2. Uncover cost-saving opportunities by evaluating total delivered cost (TdC) for all 

internal production scenarios 

 

This optimization model can be utilized by the OEM to determine the most cost-effective 

approach to producing an assembly, whether that be insourcing or out-sourcing, before 

committing to a full study. This is achieved by modeling the calculations and inputs from groups 

that support Make Vs. Buy studies. By modeling the cost, capability, and capacity of the OEMôs 

internal manufacturing network, the model can provide the OEM with an optimal and feasible 

sourcing strategy for all the assemblies under study by comparing the optimal in-house total 

delivered cost with the outsourcing cost.  

 

 

 

1.2 Thesis Outline 
 

The thesis is divided into 5 sections. It begins with the background, the approach, the 

methodology, the methodology applied to case studies, and ends with a discussion. Section 2 

defines key terms, provides a high-level overview of the OEMôs operations, and finishes with a 

literature review of make-or-buy and the optimization approach. Section 3 goes into a detailed 

description of the cost and capacity data for the plants, characterizes the part data for the case 

studies, highlights the differences between the future model and past model parts, and formulates 

the optimization model. Section 4 provides the output of the model under different scenarios to 

develop use cases for the model. Section 5 concludes the thesis with a discussion of limitations 

and improvements for this work. Given the strategic and potentially sensitive nature of the work, 

the firm will be referred to as the ñOEMò to maintain a sense of anonymity and allow the thesis 

to focus on methodologies and outcomes rather than the identity of the firm.  

 

1.3 Thesis Contributions 
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The thesis introduces an integer program that integrates cost, capacity, and logistics data to 

guide decision-making in the "Make vs. Buy" process. Typically, a linear program (LP) 

following manufacturing network framework can be applied to this type of problem. The LP 

framework can satisfy demand from multiple sources, going from the lowest cost to the highest, 

but the OEM must allocate all volume to a single source. Thus, multi-sourcing is not option. To 

facilitate a single source approach, the researcher developed and formulated an approach using 

an integer program derived from the knapsack problem. The knapsack problem is commonly 

used to allocate resources to optimize for a given parameter. As such, it is well suited for the 

OEMôs problem. In addition, this approach allowed the model to generate make or buy decisions 

itself, abiding by the logic used by the OEM. By building the decision-making entirely within the 

model, it is able to more effectively utilize resources in the complex and variable planning 

horizon automotive manufacturers face.  
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2 Background 
 

2.1 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 States, Mexico, and 

Canada. The OEMôs North American Operations are in the United States and Mexico, this is 

commonly referred to as the ñRegion.ò The Region is a concept introduced in the 2010s, along 

with the coalescing of leadership across the Region, and is meant to convey unity across the 

OEMôs North American Operations. While the name took root quickly, standardizing processes, 

aligning culture, and encouraging increased cooperation amongst the Regionôs plants was an 

ongoing endeavor.  

The manufacturing strategy team, for whom this work was performed, was created in the 

same decade. The officeôs scope of work was closely aligned with its name, and for the office to 

carry out this work, it has several teams each with its own set of responsibilities. Chiefly, these 

teams coordinate activities around the future of the OEMôs manufacturing plan. Their work 

includes dealing with vehicle volume allocations, in-site and on-site supplier strategy, digital 

transformation, investments in enhancing manufacturing capability or capacity, and make vs. buy 

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 

headquartersô strategy team.  

The researcher was embedded with the industrial strategy team while undertaking the 

research. The industrial strategy team focuses on vehicle volume allocations, investments in new 

manufacturing capabilities and capacity, and co-coordinates make-or-buy studies.  

At the onset, the focus of the research was to help determine a cost-optimal approach to 

develop a facility or set of facilities that would allow the OEM to supply past model aftersales 

parts. ñAftersales" refers to the services, support, and products offered to customers after they 

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 satisfaction and retention but also represents a significant portion of an 

OEMôs profits. ñPast modelò refers to vehicle models that have ended production but still require 
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replacement parts for any repair, maintenance, or warranty claims. Section 2.7 provides more 

information on aftersales.  

Past model parts in the US are either outsourced to a single supplier or are slate for a 

ñlifetime buyò, in which a final run of the part is performed and the tooling disposed of. The 

sourcing decision is typically made by the aftersales team at or near the end of production (EOP) 

date of the vehicle. When a model EOPs, it is ñreplacedò by a new model. The tooling and 

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 is brought 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 the industrial strategy team to evaluate make-or-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 process for a vehicle is outlined in the remainder of section 2. 

 

 

2.2 Operations 
 

A vehicle begins as a coiled sheet of metal in the material storage area of the OEMôs 

blanking area. 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 

assembled body is known as a ñbody-in-whiteò (BIW), which is then painted.  The painted body 

then enters the trim and chassis stage. At this stage, the electronics, harnesses, powertrain, 

engine, tires, glass, seats, and plastics are installed. Figure 2-1 outlines the steps required for 

producing a vehicle along with the production processes that are the focus of this thesis.  
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Figure 2-1: Process Flow Overview for Vehicle Production 

 

2.3 Stamping 
 

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 several dies. The design of a die can 

be highly precise and complex, and the machine in which the dies are placed produces hundreds 

of parts per hour. Figure 2-2 depicts the inside of a stamping die. 

 

 
Figure 2-2: Image of Stamping Die for a Hood  

(Enhancing Durability of Automotive Stamping Dies with Plasma Nitriding, n.d.)  
  

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 press. Figure 2-3 provides a hypothetical 

layout of a stamping plant. 
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Figure 2-3: Layout of a stamping shop 

 

When thinking about capacity 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 run 

as needed ï 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 is run again. Figure 2-4 represents the process 

flow of a part. 

 

 

 

 
Figure 2-4: Process Flow within Stamping Shop 

 

 

2.4 Body Shop 
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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 assembly cells, the branches 

being the feeder lines, and the trunk being the 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 into it ï an operator is usually stationed at the assembly cells to assist in 

prepping and loading parts. The number of parts needed for an assembly can be between the low 

single digits to the high teens. Automation 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 part may only 

require assembly within the scope of the feeder line operations. The throughput of 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 hours of production time of a press. Figure 2-5 provides an 

outline of the process. 

 

 
Figure 2-5: 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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itôs required, no matter the source. However, parts of the BIW that are critical to the appearance 

and quality of the vehicle are always sourced in-house. Fortunately, these parts are often cost-

competitive to produce in-house due to their size since they are larger and less logistically 

efficient than smaller parts. Figure 2-6 represents the frame of a vehicle after exiting the Body 

Shop ï note the bumpers are not present at this stage in the vehicleôs life. 

 

 

 
Figure 2-6: Body-in-White (Source, 3M) 

 

 
 

 

2.5 Vehicle Launch Timeline 
 

The development and sourcing of a vehicleôs parts begin 4 to 5 years before the vehicle 

enters production. At this point, the vehicleôs expected volume, location of manufacturing, and 

majority of the detailed design are known. A vehicle, across all its trims, requires 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 same platform. Sourcing these parts requires tremendous effort 

from the manufacturing, procurement, and supply chain teams. Most parts are sourced from 

suppliers. These suppliers can be on-site, near-site, in the Americas, or overseas. High-volume 

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 change-over work required when sourcing parts for new 

vehicles, the OEM relies on carry-over, carry-across (COCA) parts. These are parts that can be 

carried over from older models or carried across from in-production models. Designing new 

https://www.3m.com/3M/en_US/oem-tier-us/applications/body-in-white/
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models with COCA parts reduces the workload on all parties that support the development of a 

model. Sourcing decisions are not easily changed and require a commitment for the modelôs 

entire production lifecycle, which is 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 sourced in-house. The parts always produced in-house are constrained 

to a subset of parts that are critical to the quality of the vehicle, parts that confer a competitive or 

technological advantage, or parts that require unique production processes within the OEMôs 

manufacturing capability. Between the always-outsourced parts and the always-insourced parts, 

lie even a smaller subset of parts that are candidates for make vs. buy. The candidate parts are 

stamped or assembled metal parts, plastic parts, commonly known as fascia parts, and 

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 costliest. Producing an 

assembly may require multiple stamped parts, which themselves require unique die sets, to be in-

sourced and the assembly process itself requires shop floor space to accommodate production. 

The cost of the die sets and a cell doesnôt vary greatly between the OEM and a supplier, but the 

footprint of the tooling takes up significant floor space. Floor space is quickly consumed as 

complexity increases. A fascia part requires a single mold ï some assembly of the fascia is 

required to install harnesses and electronics. The maximum throughput of the injection molding 

machines, which produce fascia parts, is near the maximum throughput of the production line. 

Fascia parts for high-volume models may require investment in additional injection molding 

machine(s) to adequately 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 parts in make-or-buy, 

as such, a case study is analyzed for these categories of parts in parallel with past model stamped 

and assembled parts. The following sections offer and overview and a timeline of the make-or-

buy process at the OEM. 

 

2.6 Make Vs. Buy at the OEM 
 

Manufacturing companies achieve long-term cost reduction and maintain cost 

competitiveness through strategic insourcing and outsourcing different components of their 

product. This decision-making process, typically referred to as Make Vs. Buy, is critical for 



 19 

several reasons: maintaining cost efficiency, leveraging core competencies, managing capacity 

and resource utilization, and developing strategic partnerships and relationships.  

Developing a make vs. 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 option. A production scenario details the allocations of process of an 

assembly. For example, an assembly and its subassemblies can all be produced in-house, or they 

can be outsourced. If made in-house, the parts could be sourced from any of the facilities the 

OEM has in service. How does an OEM, at the onset of an analysis, determine the right 

production scenario to fully develop? Consider Figure 2-7, assembly A is made of component B 

and component C. All elements of this part can be outsourced or manufactured by any plant the 

OEM owns. 

 

 
Figure 2-7: Assembly Structure of a Part 

Each component must arrive at assembly Aôs location, and the assembly must then arrive 

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. How can an OEM 

identify and select the most cost-effective scenario for analysis, ensuring that the identification 

process does not adversely impact the schedule or create excess work for supporting functions? 

Furthermore, how does the organization address situations 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, the proposed solution is an optimization model that can determine the 

optimal sourcing strategy given the cost, capabilities, and capacities of the factories.  
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2.7 Make Vs. Buy Timeline 
 

A ñMake vs. Buyò study is the process by which the OEM determines how to source a part 

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 tier can contain 

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 assemblies that use increasingly familiar 

technologies or processes. Figure 2-7 represents the make-or-buy timeline for the OEM. 

 

 
Figure 2-8: Timeline of Make or Buy Studies for a New Model 

Given the cadences of the OEMôs vehicle launch strategy, studies for multiple models 

may overlap at any given time. In contrast, the make vs. buy study for past model service occurs 

closer to a given modelôs EOP date and does not employ a tiered evaluation methodology. The 

tiered methodology is a sound strategy when a part may require the development or sourcing of a 

new manufacturing process and therefore may require more time to prepare the plant for the 

introduction of the process. Past model parts do not require as much runway. At this point, each 

past model part has a ñlifetime buyò or continued production ï this study is carried out by the 

aftersales team. Figure 2-8 highlights the make-or-buy study cadence and its timeline for a past 

model part.  
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Figure 2-9: Timeline of Make or Buy Study for Past Model 

 

Note that the make-or-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 model part incurs 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 production requires the capacity that 

a model that is ending production occupies. Figure 2-10 highlights the gap in decision-making 

that could lead to the costly outsourcing of a past model part.  

 

 
Figure 2-10: Timeline of Make or Buy Studies for New and Past Models 
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The ñDecision Gapò, while not shown to scale, highlights the lag between sourcing 

activities. Closing this gap allows the OEM to evaluate the opportunity cost of outsourcing a past 

model part to insource a future model. Historically, this gap was not an issue. The OEM could 

reliably and profitably source past model production to their supplier- albeit at a higher cost. 

When trading off capacity between future model and past model parts, future model parts were 

given priority if cost advantages could be gained by insourcing the future model part. 

Operational and financial metrics could be improved through this strategy as well ï better overall 

equipment effectiveness (OEE) and 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 raise the prices of quotes and, in some cases, declined to quote a 

part at all. Thus, a once extremely profitable vertical for the OEM began to succumb to the 

challenges that arise when a customer has limited bargaining power. Leverage became limited, 

terms were not as favorable, and parts they expected to outsource, but no longer could, may have 

already had their capacity allocated to a future model part. For upcoming make vs. buy decisions, 

the OEM wants to consider future model parts and past model parts holistically. Figure 2-11 

represents the ñwant-to-beò condition for subsequent sourcing decisions. 

 

 
Figure 2-11: Proposed Timeline for Make or Buy Studies for New and Past Model 

 Ideally, sourcing decisions are made with information on all known future production 

scenarios.   
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2.8 Aftersales & Past Model Service at the OEM 
 

The purpose of this thesis is to examine optimization methods that can be used during the 

Make vs. Buy workstream to minimize the cost of producing and delivering a car part or 

assembly with respect to the capacity constraints of the companyôs asset base.  

However, the project from which the thesis is derived was originally aimed at designing a 

cost-optimized 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, and, most importantly, replacement parts, which 

are also commonly referred to as service parts. An aftersales part can be produced for a vehicle 

that is in current production or for a vehicle that has ended production, this category of vehicle is 

typically referred to as a ñPast Modelò. The rule of thumb states replacement parts must be 

available for at minimum 10 years past the modelôs end of life.  

There are debates as to whether this is state or federal regulation (Strohl, 2020); as OEMs 

are only required to supply parts within a vehicleôs warranty period under the Magnusson-Moss 

Warranty Act, colloquially known as the ñLemon Lawò, which is a regulation enacted to curb 

automakers from shipping a new vehicle that is defective or fails to 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, there is a precedence that OEMs must supply service parts for 10 years after the 

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 model service parts 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 parts are parts 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 ñtotal lossò, which occurs when the cost to repair the vehicle is higher 

than its actual value. 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 

ñUnits-In-Operationò or UIO. UIO represents an estimated number of vehicles on the road of a 
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particular model. Throughout the 10-year past model service period, UIO follows an exponential 

decay distribution, with a higher number of vehicles in operation 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 of non-totaled accidents within that 

population. This unpredictability in demand produces challenges when forecasting expected 

demand and when planning for long-term capacity. Over the lifetime of a past model, the number 

of service parts produced for it will number in the tens of thousands, which, 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 years, and floor space is a 

premium for the OEM. The OEM faces trade-offs when deciding whether to continue making a 

past model service part or contracting the production out to a supplier. Allocating floor space for 

a single past model doesnôt pose too much of an issue. However, given the 10-year production 

requirement, the equipment needed to continue to produce service parts can begin to take up 

more and more floor space as models end production. Many OEMs avoid the slow creep of past 

model service by building a plant dedicated to the production of these parts. In contrast to other 

OEMs, this OEMs business model focuses on maintaining and investing in a set of longstanding 

production facilities ï shuttering a plant comes with much deliberation. Other OEMs often open, 

close, and retool plants at will. Given the OEMôs adherence to its business model, opening a 

factory also comes 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 best use of its plantôs 

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 these assemblies is made the year a model 

ends production. In the past, past model service was always outsourced in the US, allowing 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 raising prices by hundreds of percent, 

cutting into, or nearly eliminating, profits of past model service parts. In response, the aftersales 

team proposed the development of a past model service plant. The investment in the plant was 

deemed too capital-intensive, especially at the time when OEMs were investing billions in the 

production of EVs (Lienert, 2022). 
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2.9 Literature Review 
 

2.9.1  MIP Modeling 

 

This section outlines the methodology employed to address the projectôs problem, 

focusing on an optimization approach inspired by the knapsack problem, a well-established 

problem in combinatorial optimization. The core of the methodology is a Mixed Integer 

Programming (MIP) model and is an adaptation of the knapsack problem (ñKnapsack Problems,ò 

n.d.). Development of the model was guided by the application and synthesis of several logical 

constraints found in (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 or parts, the ñweightò is a partôs load factor, and 

the 'weight limit' corresponds to a production assetôs capacity. Value, in this case, is equivalent 

to cost, we want the lowest-cost items in the knapsack and that is driven by whether a part is 

made or bought. The adaptation of the knapsack problem in this project involves minimizing the 

cost of items placed in the ñknapsackò and adding continuity constraints, such that a partôs 

assembly is made entirely in-house and a time-series capacity constraint. This 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 well by applying appropriate logic constraints where necessary.  

 

2.9.2 Make Vs. 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 

OEMôs core competencies and concludes with an evaluation of ROI. The dataset for this 

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 the supplierôs economies of scale for lower costs, and 

focus on developing capability in high-value work (James A. Welch & P. Ranganath Nayak, 

1992). The risks of outsourcing are many, too. As weôve seen with the OEM, the supplier of a 
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critical vertical has gone rogue, putting a profitable segment of the OEMôs business at risk. Other 

risks include the inability to react to fluctuations in volume, the lack of quality control, and the 

inability to develop additional core skills (Aron et al., 2005).   
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3 Methodology and Formulation 
 

The methodology and formulation section details the approach for the cost, capacity, and 

optimization models. An overview of the types of data used, the dataôs relevance to the research, 

and the relationships between the datasets is provided. The detailed optimization model is then 

formulated. This section is followed by a section that examines the results of the optimization 

model under different scenarios.  

 

3.1 Data 
 

This model relies on two primary data sources: plant data and part data. Plant data 

encompasses details about each plantôs capabilities and capacity over time, labor costs, and 

shipping rates to plants within the OEMôs North American manufacturing network. These data 

enable the model to identify viable production scenarios. In conjunction, part data provides 

specifics about asset allocation for each part, load factor, labor hours, and logistics parameters. 

 

3.1.1 Plant Data 

 

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 

several plants, each with unique capacity and capability, in the North American region. The 

selected plants for this research will 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, this thesis focuses on stamping capacity, labor, and interplant 

logistics.  

The OEMôs plants are in the southern region of the United States and central Mexico. 

Plants A and B are in the United States while plants C, D, and E are in central 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 plants are in the 

northern regions of the Midwest rather than the southern regions of the United States. The 

position of the OEMôs plants allows them to take advantage of the lower labor costs of Mexico 

and shorter lead times between plants.  

Data from 2023 (Lu, 2023) show that the United Statesô monthly minimum wage is 

$1,550 and Mexicoôs is $315. This ratio of wage rates is reflected in the wage rates of the OEMôs 
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North American operations. Lower wage rates can lead to advantages in manufacturing costs, but 

logistics costs may outweigh them. Figure 3-1 provides a qualitative comparison of labor rates 

between plants.  

 

 
Figure 3-1: Labor Rates by Plant 

 

 

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 were done when logistics costs 

were not considered, sourcing parts from Mexico would have appeared to be a viable approach. 

There are, however, other sourcing standards that would have limited that approach. 

Nonetheless, this approach must arrive at the total delivered cost of the part or assembly and to 

do so logistics costs need to be considered. Some routes may combine rail freight and truckload 

freight to supply parts to their destination. The interplant logistics rates follow standard logistics 

rates logic and scale with the distance between the origin and destination. For example, shipping 

a part from Plant A to Plant B costs less than shipping a part from Plant A to Plant C. Each plant, 

except for Plant E, has a logistic rate associated with the route. A description of the relative 

logistics rates is provided in Table 3-1. 
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Table 3-1: Comparison of Inter-Plant Logistics Rates 

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 that Plant E does not have any logistics rates available. An estimate could have 

been made, but Plant E also does not have stamping capability available in its facilities. For these 

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

 

3.1.2 Stamping Press Capacity 

 

Stamping press capacity is the primary operational constraint within the scope of this 

thesis. Press capacity is critical due to the nature of the OEMôs operations, which run lean ï 

meaning any unplanned downtime longer than 3 days can severely impact the plant if the 

affected pressôs load canôt be distributed to other presses. Each press has an strokes per hour 

(SPH), which can also vary by part, acceptable material type, and tonnage. Tonnages are 

obfuscated but are divided into four categories. These three attributes define the parts that can be 

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

 

¶ SPH 
o Numeric value from 200-2000 

¶ Material Type 

o Steel (S) 

o Aluminum and Steel (A/S) 

¶ Tonnage 

o Type 1 

o Type 2 

o Type 3 

o Type 4 

 

 

Table 3-2 gives an overview of the press capabilities available at each plant.   
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Table 3-2: Tonnage and Material Capability by Plant 

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 addition to these attributes, time series information on the expected utilization of the 

presses is available. Utilization can be represented in available strokes or hours. To simplify the 

representation of press capacity, presses with the same attributes for tonnage and material type 

are represented as one group, with the utilization represented in hours. The shift pattern drives 

capacity and can fluctuate given the business plan of the OEM. The types of shift patterns and 

their hours are listed below. 

 

Table 3-3: Shift Patterns 

Shift Pattern Hours 

1 Shift, 5 Days 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 3-2 through 3-5 show capacity information of the OEMôs press capacities. Each 

graph shows a the type of press and its expected utilization into the early 2030s. The monthly 

available hours are superimposed on the utilization levels, and each shift pattern described in 

table 3-3 is shown. 
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Figure 3-2: Regional Utilization of Type 1 Presses 

 

 
Figure 3-3: Regional Utilization of Type 2 Presses 
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Figure 3-4: Regional Utilization of Type 3 Presses 

 
Figure 3-5: Regional Utilization of Type 4 Presses 

 

To summarize the above data, Plants A and B, the US plants, are near maximum 

utilization on a 3 shift pattern, across all their press lines, except type 4, well into the early 

2030ôs. However, Plants C and D, the Mexico plants, see their utilization encounter a valley in 

2027. These low utilization levels may be due to pending volume allocations to these plants. In 

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




















































































