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Cost-effective manufacturing process for manufacturing 
plastic components in automotive industry 

Abstract 

A seemingly increasing trend in the automotive industry is the prevalence of hybrid and 

electric vehicles. For Lear Corporation, a global automotive supplier of seating and 

electronic systems, this has caused a decrease in quantity of their products as these types of 

vehicles are manufactured at lower rates of volumes. An essential element of the electronic 

system provided by Lear is the wire harness. The wire harness is fastened and protected 

through plastic components called channels or brackets. These channels are fabricated 

through injection molding, one of the most common plastic manufacturing processes 

which offer many benefits. However, injection molding entails high upfront costs which 

are not suitable for the lower scales of production Lear expect. This prompted the 

company to seek other alternative processes and thus the idea of this thesis arose.  

The purpose of the thesis was to identify, evaluate and present alternative manufacturing 

processes that could potentially replace the current process. Furthermore, the possibility of 

decreasing the costs of the current process and making it viable for low volume production 

was explored. 

The study presented a total of nine common plastic manufacturing processes and 

subsequently performed a screening where processes deemed incompatible, in terms of 

aspects such as part complexity, size, volume and cost, were dismissed and processes 

deemed compatible in relation to the desired application were evaluated further. The 

processes kept for further examination were injection molding and additive manufacturing. 

Injection molding and additive manufacturing were evaluated further and ultimately cost 

estimates for each process were requested to manufacturers in order to make a cost analysis 

and further study the feasibility of respective process. 

The cost estimates and subsequent cost analysis indicated that the ideal and most cost-

effective option for Lear would be changing the injection molding tool to MUD, aluminum 

or steel grade 738. This allows Lear to utilize the benefits of injection molding while 

decreasing the mold cost and upfront costs for the injection molding process substantially. 

Another proposal presented was to merge injection molding and additive manufacturing in 

a method called bridge production. This would allow Lear to increase flexibility and reduce 

lead time. 
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1 Introduction 

The bachelor thesis aims to identify, evaluate and suggest a cost-effective manufacturing 

process for plastic components used as fasteners in the wiring harness of automobiles. This 

chapter aims to introduce the reader to this bachelorõs thesis and give a brief introduction 

of the subject and the company where the thesis was carried out. 

1.1 Company introduction 

Lear is a leading global automotive supplier that provides seating systems and electronic 

systems, or E-systems, to major automakers all over the world. The company manages 261 

facilities around the world and operates in 39 countries globally. 

This thesis was done in cooperation with Lear Sweden, which mainly operates within the 

E-systems division, engineering and business. The head office is situated at Eriksberg, an 

area on Hisingen Island in Gothenburg, Sweden. The company has 53 employees and 40 

contingent workers. Lear Sweden provides E-systems and components for automakers 

such as Volvo and Geely [1]. 

1.2 Background 

As mentioned in the company introduction, Lear Corporation provides E-systems and 

components to automakers. A fundamental part of E-systems are wires and wire 

harnessing. While assembling and structuring a complex network such as the wire harness, 

components such as straps, clips, channels and brackets are essential in order to fasten and 

protect the wires. These components are currently made from plastic. The current 

manufacturing process used by the company to produce these plastic parts is injection 

molding [2]. 

Injection molding is considered to be the most common and widely used process for 

manufacturing plastic parts and offers several benefits such as high production rate, flexible 

selection of material, ability to produce complex shapes, little or almost no need for 

subsequent processing, low cost of labor and low wastage. Although injection molding is 

favorable in many ways it does have drawbacks, the one in particular being high investment 

costs for tooling. However, the high investment costs can be incentivized through mass 

production, as the cost per detail decreases with higher volumes [3].  

In the case of Lear Corporation who operates in the automotive industry, electrical vehicles 

and hybrids are gaining popularity. The manufacturing volumes of these vehicles are lower, 

and according to Lear global component manager T.Drufva [4], the numbers for electrical 

and hybrid cars are 5000 ð 20 000 vehicles a year, in comparison to 100 000 ð 300 000 a 

year. The lower volume of vehicles entails a lower volume of plastic parts which makes 

injection molding a less profitable option as the low volumes donõt justify the high 

investment costs. Therefore, the company is pursuing a manufacturing process that is more 

suitable for the newer volumes.  
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1.3 Purpose 

The purpose of the thesis is to identify, evaluate and present various cost-effective plastic 

manufacturing processes that could potentially replace the current process.  This is done to 

provide Lear Corporation Gothenburg AB a foundation for future decisions concerning 

manufacturing of plastic parts for fastening and protection in wire harness of automobiles. 

1.4 Problem 

The project will analyze the possibilities of identifying a manufacturing process that is 

compatible with the lower and decreased volumes of plastic parts, as opposed to the 

current one. However, the possibility of making the current process itself more cost-

effective will also be analyzed. The alternative manufacturing processes presented should 

be able to deliver parts with the same or similar properties, just like the traditional injection 

molding, as well as meeting the requirements and technical standards of automobile 

manufacturers.  

Manufacturing processes must be evaluated in regard to all influencing aspects such as 

form of detail, annual volume, lead time, cycle time, set up cost, cost per detail and 

material.  

The project aims to answer the following questions: 

Is there a suitable and cost-effective manufacturing process that can replace the current 

one? 

Can the new manufacturing process produce parts with the same, or similar, properties as 

the current one and thereby meet the technical standards of the automobile industry? 

Is it possible to make the current process more cost-effective? 

1.5 Limitations 

Several limitations have been set. There is a time limitation as the thesis work will be done 

over the course of a 10-week period. The thesis will not present more than ten plastic 

manufacturing processes. Technical regulation and standards from automakers will be used 

as reference while choosing a manufacturing process. The components that will be 

analyzed include wiring plastic channels and exclude straps, clips and metal bushings. The 

thesis will focus on identifying plastic manufacturing processes suitable for existing parts 

and therefore, exploring the possibility of altering the design or changing the material of 

the parts will not be done. 
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2 Method 

This section aims to guide the reader through the methods used in order to fulfill the 

purpose of the thesis and answer the questions raised in the problem section. It presents 

research design, the chronological steps of the thesis and the process of searching, 

retrieving, choosing and evaluating adequate and credible sources. 

2.1 Research design 

This thesis is a qualitative study and an investigative research where possible solutions to a 

problem are identified through interpretation of various texts, documents and 

conversations. However, the study also uses numeric data in order to present cost analysis. 

The object of the study is to gather information, understand and analyze different 

processes and concepts within a certain field in order to present proposals that could 

benefit Lear Corporation [5]. 

2.2 Information retrieval 

 With guidance from tutor, examiner and other university representatives, information was 

searched and retrieved through various search engines, databases and portals including the 

University West library, DiVA, Chalmers Open Digital Repository, LIBRIS, Google 

Scholar, Google and Amazon. Information about Lear Corporation was retrieved through 

oral communication with company advisor and representatives as well as documents 

provided by the company upon request. The data retrieved by company X was through 

direct contact. 

2.3 Chosen sources 
Oral communication, documents and material provided by Lear were valuable and 
necessary sources in order to build a foundation for the thesis and formulate the 
subsections in section 1 òIntroductionó, such as company introduction, background, 
purpose, problem and limitation as well as section 3 òOverview of current situationó and 
its subsections òCurrent manufacturing processó and òWire channels or bracketsó.  

The project used predominantly literature, scientific articles and web sources in order to 
write section 4.1 òPlastic Manufacturing Processesó. The data collected were used to obtain 
a fundamental understanding of how all the manufacturing processes operate as well as 
identifying their characteristics and most favourable application. The knowledge acquired 
from previous steps was used in subsection 4.2 òScreening of Manufacturing Processesó, 
where a screening was performed in order to eliminate and filter out inapplicable processes 
with regard to a number of factors derived from Lear Corporations requirements and 
prerequisites. The processes deemed plausible were kept and evaluated further. 

The following step of the project was to collect more data regarding the remaining 
processes from the screening. The collection of information was through literature, 
scientific articles and direct contact with various manufacturing. The reason behind using 
manufacturing companies as a source was mainly to obtain data about the investment costs 
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for manufacturing processes in the form of quotations, as well as getting feedback on our 
study.  

This in return was done in order to evaluate the feasibility of implementing a certain 
process to desired application and ultimately answering the questions raised in the problem.  

The remaining sections of the thesis (Discussion and Conclusions) include an analysis of 
the outcome and results presented in section 4, a summary of the study and conclusions 
drawn. 

2.4 Source evaluation 

The literature used in the study was deemed credible as the preface/introduction/foreword 

and overall content of each book provide sufficient evidence that validate the 

author/authors as scholars with the suitable expertise, qualifications and credibility. 

However, some of the literature was released more than ten years ago, which is a factor 

that must be taken into consideration when evaluating adequacy of a source. Due to 

changes and advancements being made in the manufacturing industry, information 

provided in the literature may be outdated or even invalid. In the case of literature that 

hasnõt been released within the last ten year, the source was either fact-checked or 

complemented by a newer or updated source. However, in this study the information 

provided in the older literature was generally accurate and valid. 

The decision to use information from manufacturing companies was to complement the 
literature which, although it provided detailed and thorough description regarding the 
methodology and theoretical concepts behind different processes, it couldnõt give us 
accurate information regarding the feasibility and cost for our custom part. As more 
accurate and realistic numbers were needed in order to ultimately present a proper and 
realistic investment case for a manufacturing process, various manufacturing companies 
and institutions were contacted. 

It's understood that every company will have a bias towards their own product or service, 
and therefore making them less reliable as a source. However, the decision to keep the 
companies as a source was made in compliance with our tutor as the companies still could 
provide useful and authentic information, in particular cost-related information, which will 
be significant for the project end goal.  
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3 Overview of the current situation 

The overview of the current situation aims to give the reader a brief description of the 

current situation which includes the current manufacturing process injection molding, as 

well as describing the function and demands of the injection molded component which is 

the plastic channel or bracket for wire harness. 

3.1 Current manufacturing process 

The current manufacturing process applied when producing automotive plastic 

components is injection molding. As previously mentioned, it is one of the most widely 

used manufacturing processes for producing plastic parts and can create plastic parts into a 

variety of products for different end uses. 

Briefly explained, plastic pellets or granules are fed into a barrel via a hopper. The pellets 

are pushed forward by a rotating reciprocating screw through a heated chamber, shearing 

and melting the material in the process. The molten is injected through the force of the 

screw into a mold cavity. The molten is then chilled down and solidified. Finally, the mold 

is opened and the part is removed [4]. A more in-depth description of injection molding 

will be presented in 4.1  

3.2 Wire channels or brackets 

Lear Corporation uses the aforementioned manufacturing process to produce plastic 

components used in the wire harness of automobiles as fasteners or protectors. In this 

thesis, plastic wire channels or bracket will be analyzed. According to the Technical 

Regulation from car makers [6], the objective of the wire channel or bracket is to protect 

the wire harness from mechanical, thermal and chemical influence. The task of the wire 

channel or bracket is to define and fix the location of the wire harness in the vehicle. The 

wire channel or bracket should also prevent any noise and rattle coming from the wire 

harness.  

The car consists of eleven òzonesó which include: 

1. Engine 

2. Engine-Subframe 

3. Engine bay rear, left 

4. Engine bay front 

5. Engine bay, rear, right 

6. Engine plenum 

7. Wheel, Wheel suspension 

8. Cabin 
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9. Cabin(leg room) 

10. Luggage room 

11. Luggage room(leg room) 

The property requirements of the wire channel or bracket depend on what zone itõs located 

in and where it shall be used. 

According to V.Goodship et al [7], there are three distinct categories of raw plastic 

material:  

¶ Thermoplastics: plastic materials which melt into liquid during heating and solidify 

during cooling. During heating the material becomes pliable and can be formed 

into another shape which it then retains during cooling and solidification. This 

process is reversible and can be repeated, meaning the material can be remelted and 

remolded. Examples of thermoplastics include Polypropylene (PP) and Nylon. 

¶ Thermosets: materials that are initially in liquid or pliable state and then converted 

into a solid, stiff and brittle form. This conversion process is called curing and, in 

contrast to melting and solidification of thermoplastics, it is irreversible due to the 

cross linkage polymer network created. Examples of thermosets include epoxies 

and polyutherane.  

¶ Elastomers: Furthermore, there are materials that could be either thermoplastic or 

thermosets that has the ability be repeatedly stretched and return to original shape. 

These are called elastomers and examples include rubber.   

The raw materials used to produce these components are thermoplastics such as Polyamide 

66(PA66, also known as Nylon 66), Polyamide 6(PA6, also known as Nylon 6) or 

Polypropylene (PP). In PA66 and PA6, 15 % or 30% glass fiber is sometimes applied to 

strengthen material and improve properties [6]. 

A prototype model of a plastic wire channel was provided by Lear, displayed in figure 1 

below. This is an example of how the component can be constructed. However, it is 

important to note that channels and brackets differ in size, shape and has varying degree of 

complexity in its geometry depending on its location and use. According to T.Drufva [3], 

the current total annual volume for plastic articles are 150,000 parts with a program lifetime 

of 7 years, indicating that 150,000 plastic channels or brackets are fabricated annually over 

a seven-year time span. However, as earlier mentioned in the background section 2.1, these 

numbers are expected to decrease as the production of hybrids and electric cars are of 

lower volumes. The current tooling costs for producing plastic wire channels or brackets 

are in the price range of 93,000-130,000û for an annual volume of 75,000-111,000 parts, 

with a program lifetime of 7 years. The costs per detail for these channels are 0.48-0.77û 

per part. 
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Figure 1: Plastic wire channel prototype, Lear Corporation 
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4 Plastic manufacturing processes 

This section aims to gain knowledge and an understanding of the most common plastic 

manufacturing processes in order to select an option that is adequate for the desired 

application.  Firstly, an overview of each potential manufacturing option and its respective 

process, characteristics, applications, advantages and disadvantages will be presented. A 

total of nine manufacturing processes will be presented. In the following step a screening 

will be performed where the processes that are deemed inapplicable, in regard to aspects 

such as material; form; time; cost etc, will be eliminated and the processes that are 

considered to be a feasible and realistic option will be kept and assessed further.  

4.1 Potential manufacturing processes 

4.1.1 Injection Molding 

Injection molding is one of the most widely used processes for mass production of plastic 

parts. Injection molding offers many benefits such as high precision, efficiency, ability to 

produce highly complex parts, flexible selection of material, low labor costs since itõs an 

automated process requiring minimal supervision, low costs in mass production and little 

or almost no need for subsequent processing due to high pressures which ensures good 

surface finish. It is a fast process with a cycle time of approx 30 seconds, depending on 

complexity of mold. 

The cons of injection molding are expensive equipment and tooling which amount to high 

upfront costs. Injection molding is a process that requires accurately engineered tools that 

can provide good surface finish and withstand the high pressure, temperature and forces at 

work during injection and clamping. Consequently, it is a process that becomes less cost-

effective at a low volume as the high investment costs wouldnõt be justified. Typical 

applications include a variety of objects, in particular automotive, industrial and household 

products [8]. 

 It is defined as a method of producing parts with heat-meltable plastics material, according 

to the Injection Molding Division of the Society Plastics Engineers [9]. This method is 

done by the use of an injection molding machine. The machine consists of various key 

components: 

The mold: The desired shape being produced is being controlled by a confined chamber 

called the mold. 

The injection unit: The function of the injection unit is to feed, plasticize, melt, transport 

and dose material, to subsequently inject the material into the mold tool. The injection unit 

itself consists of several distinct features such as the hopper, the barrel, the screw and the 

nozzle. 

The clamping unit: The purpose of the clamping unit is to hold the mold in a closed and 

rigid position during molding to resist the high pressure of the injection of material. 
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Tooling: The purpose of the tool is to form the mold cavity in which the material is 

injected into, remove heat from the surface of the cavity and sealing the mold halves during 

injection pressure  

A basic injection molding process is initiated by closing the tool and shutting the clamp. 

Polymer material in the form of pellets or granules is fed from the hopper and into the 

barrel in the injection unit. The barrel is equipped with an auger, a rotating reciprocating 

screw, which has the function of conveying material through the barrel. The screw 

transports the pellets/granules forward towards the nozzle, shearing the material along the 

way. Heater bands wrapped around the barrel along with the screw-induced heat created 

from shearing friction warms up and eventually melts the material by the time it has 

reached the front of the barrel. The screw then injects a controlled dose of molten material 

through the nozzle of the injection unit into the mold cavity. When the mold cavity is 

filled, cooling of material is applied. The screw retracts and new melt is dosed in 

preparation for the next cycle. Once the material is cooled, the tool opens and the 

component is ejected.  [7][10] 

 

Figure 2 Injection molding process. From [11]. CC-BY. 

(1) The hopper 

(2) The rotating screw 

(3) The heated barrel 

(4) The mold 

(5) Ejector pins 
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Table 1 Injection molding characteristics 

Material Thermoplastics, some thermosets 

Upfront cost  High 

Part cost  Low 

Size XS-L 

Cycle time Seconds 

Quantity 10K-100M+ 

Complexity High 

 [12] 

4.1.2 Vacuum Forming 

Vacuum forming is one of the subcategories of thermoforming, the others being pressure 

forming, plug-assisted forming and twin sheet thermoforming. It is a simple and 

inexpensive process. Due to low pressures and forces involved, tooling costs for vacuum 

forming are low compared to other techniques. Molds are made out of materials such as 

wood and plaster. This in return makes vacuum forming suitable for prototyping and low 

volume production. However, if higher quantities are needed itõs possible to use more 

durable metal tooling. Vacuum forming offers flexibility in material selection as most 

thermoplastics can be used. The process has limited freedom in form as only thin walled 

parts can be produced. Typical applications include baths and shower trays, packaging, 

transportation and aerospace interiors [8]. 

The vacuum forming process: 

A plastic sheet is clamped into a frame above the mold. The plastic sheet is heated to make 

it soft and ductile. The mold is moved upwards stretching the plastic sheet and vacuum is 

activated, which creates a vacuum in space between the sheet and the mold. The air 

trapped between the sheet and the mold escapes through vent ducts. This in return forces 

the sheet to adhere with the mold surface and thus forming the part. Once the part is 

cooled, the sheet is removed. Subsequent processing like trimming and cutting is often 

necessary to remove excess material [8][10]. 
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Figure 3 Vacuum forming process. From [13]. CC-BY. 

(1) The mold 

(2) The plastic sheet 

(3) The heater 

(4) The vacuum in space created when activating the vacuum pump 

 

Table 2 Vacuum forming characteristics 

Material Thermoplastics 

Upfront cost  Low 

Part cost  Low-moderate 

Size S ð L 

Cycle time Minutes 

Quantity 100 - 10K 

Complexity Low 

[12] 
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4.1.3 Reaction Injection Molding (RIM) 

The process characteristics of RIM are similar to injection molding, with the exception that 

RIM processes thermosetting materials and not thermoplastics. This means that material is 

cured, as opposed to thermoplastics where only cooling takes place. Another distinction 

between the two processes is that injection molding uses one single material (molten 

plastic) during injection whereas RIM uses two materials that are mixed and injected into 

the mold where they undergo a chemical reaction. The overall cycle is slower compared to 

injection molding and the raw materials used in RIM are more expensive. However, due to 

no heating of plastic, the lower injection pressure and lower material viscosity, the product 

equipment is significantly less expensive than injection molding and also makes it ideal for 

larger parts.  

The process can be used to produce low or high quantities of thermosetting foams. It is 

commonly used to produce prototypes that will be injection molded because of low tooling 

costs, while repeatability, part consistency, complexity and accuracy are high. The most 

common RIM material is PUR (polyurethane) which offers a high level of dynamic 

properties, heat resistance and dimensional stability.  Typical applications include 

automotive bumpers and car interiors, domestic and commercial furniture such as chairs 

and seats, and also sporting goods and toys.   

The RIM process: 

The process begins with two polymer liquids, usually isocyanate and polyol, being poured 

into separate containers. These containers are equipped with temperature and feed-

controlling mechanisms where the material is properly conditioned. The materials are 

transported to the mixing head and then recirculated back to the containers in a continuous 

loop. The purpose of recirculation is to maintain temperature and nucleation. When the 

machine decides to switch from recirculation mode to dispense mode, the pumps 

transports the two liquids to the mixing head at required ratio, volume, temperature and 

flow rate. When the reactants are mixed together they undergo a chemical reaction, creating 

polyurethane which is injected into the mold cavity. After the mold is filled, the part must 

be cured, cooled and finally ejected [8]. 
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Figure 4 Reaction Injection Molding process. From [14]. CC-BY. 

Table 3 Reaction Injection Molding characteristics 

Material Thermosets 

Upfront cost  Moderate 

Part cost  Low 

Size S-XL 

Cycle time Minutes 

Quantity <100K 

Complexity High 

[12] 

 

4.1.4 Compression Molding 

Compression molding is a manufacturing process most commonly used to produce 

thermosetting polymers (such as rubber, polyester or phenolic), although it is applicable to 

some thermoplastic parts as well. Itõs also used to manufacture composite parts like bulk 
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and sheet molding compounds (BMC and SMC). The process involves molding of molten 

plastic through compression. It is suitable for medium to high volume production and 

tooling costs are moderate. Compression molding produce small or large parts with high 

quality surface finish.  

Although more time consuming than injection molding, it is a relatively fast process 

depending on material and size, but for plastic the cycle time is approx two minutes. 

Compression molding and injection molding share a lot of similarities as the both use 

matched tooling (although tooling for compression is cheaper) and both processes are 

done under heat. The main difference is that injection molding is predominantly used for 

thermoplastics and compression molding for thermosetting polymers. Compression 

molding also has limitations in form freedom and is not as suitable for complex designs in 

comparison to injection molding. Typical applications include electrical housing and 

kitchen equipment, buckles, rubber boots, buttons, knobs, device cases and appliance 

housing [8]. 

The compression molding process: 

Compression molding consists of an open mold with two halves, the upper part of the die 

and the lower part of die. The lower part of the die is fixed and static while the upper part 

is movable through guide pins. The lower part is equipped with heating and cooling-

mechanisms. A predetermined quantity of plastic material is placed in the mold cavity of 

the lower part. The two mold halves are then closed through applied hydraulic pressure 

and heat, which forces the material to fill up the mold cavity. After the material goes 

through a curing process, the mold halves separate and the part is ejected [15]. 

  

Figure 5 Compression Molding. From [16]. CC-BY. 

 

 

 



Cost-effective manufacturing process for plastic components in automotive industry 

 15 

Table 4 Compression molding characteristics 

Material Thermosets, some thermoplastics 

Upfront cost  Low to moderate 

Part cost  Moderate 

Size S-L 

Cycle time Minutes 

Quantity <100K 

Complexity Medium 

[12] 

4.1.5 Extrusion 

Extrusion is one of most common manufacturing processes across many industries. It is a 

process used to produce small or large parts with a uniform cross section such as rods, 

tubes, films and sheets. In this process, raw plastic is melted and formed into a continuous 

profile. Most thermoplastics are compatible with extrusion. Cost for extrusion machinery is 

relatively cheap as it is less complex and doesnõt require high levels of machine accuracy. 

Tooling costs are also inexpensive in comparison to injection molding. Similar to injection 

molding, it is a continuous and fast process, suitable for high volume and mass production. 

Typical applications include straws, pipes, tubes, window frames, fences, weather stripping 

and wire insulations [17]. 

The extrusion process: 

The process begins by loading plastic material in the form of pellets or granules into a 

hopper and then delivered into a cylindrical barrel with a rotating screw. The screw pushes 

the material forward in a heated chamber and when it reaches the end of the barrel it is 

forced through a die. The process can be likened to squeezing toothpaste of the tube. The 

shape of the die is a cross-section of the final part and thus the workpiece is formed. The 

extruded part is cooled and later cut or spooled into lengths. The extrusion process is 

similar to injection molding, with the exception that molten material is being forced into a 

die instead of a mold cavity [18]. 
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Figure 6 Extrusion process. From [19]. CC-BY. 

(1) The hopper 

(2) The rotating screw 

(3) The heated barrel 

(4) The die 

Table 5 Extrusion characteristics 

Material Thermoplastics 

Upfront cost  Low to moderate 

Part cost  Low 

Size S-L 

Cycle time Seconds 

Quantity 1K-100M+ 

Complexity Low 

[12] 

4.1.6 Blow Molding 

Blow molding is a group of processes including extrusion blow molding, injection blow 

molding and stretch molding, used to mass produce hollow containers. Extrusion blow 

molding will be the focal point in this section as it is the oldest, simplest and most common 

type of blow molding. It is a favorable process due to its versatility and can be used to 

process a variety of container shapes and an extensive choice of material. It enables the 
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production of considerably large hollow products. The size is only limited by the size of 

machine as well as the mechanics of the molten material that forms the parison. The most 

compatible materials are thermoplastics such as PP, PE, PVC and PET. It operates at 

lower pressures than injection molding, which makes the tooling less expensive. Although 

slower than its relative process injection blow molding, itõs a relatively fast process with a 

cycle time of 1-2 minutes. Typical applications are mainly in the medical, veterinary, 

chemical and consumer industries to produce bottles, containers and consumer packaging 

[8].  

The extrusion blow molding process: 

Plastic pellets or granules are melted and extruded into a hollow tube, called the parison. 

The parison is dropped in between two halves of a mold, one end of the parison is sealed 

and the other end is open. The mold halves are then clamped together and air is blown into 

the open end of the parison which inflates and expands it. The parison is forced against the 

internal surface of the mold cavity, thus taking the shape of the mold. The plastic part stays 

in the mold until it cools and hardens. The part is then ejected and often requires 

subsequent processing such as rimming and trimming to remove excess material [10]. 

 

Figure 7 Extrusion Blow Molding process. From [20]. CC-BY. 
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(1) The hopper 

(2) The rotating screw 

(3) The heated barrel 

(4) The die which extrudes the parison 

Table 6 Blow Molding characteristics 

Material Thermoplastics 

Upfront cost  Moderate 

Part cost  Moderate-High 

Size M-XL 

Cycle time Minutes 

Quantity < 100K 

Complexity Medium 

[12] 

4.1.7 Rotational Molding 

Rotational molding is a process used to produce large parts of hollow and complex forms 

with uniform wall thickness. It is cost-effective as the process uses centrifugal force, 

instead of pressure, to fill the mold, making tooling less inexpensive than most other plastic 

manufacturing processes. Although no pressures are involved, good quality and surface 

finish can be obtained. The molds are usually fabricated or cast, and typically manufactured 

from stainless steel or aluminum. These factors make rotational molding suitable for low to 

medium volumes. It is a slow and long process with cycle time between 30 and 60 minutes. 

Due to material demands of rotational molding it is restricted in material choices. The most 

commonly used material is PE, as it can be ground into powder at room temperature. 

Typical applications include tanks, large containers, furniture and toys [8]. 

The rotational molding process: 

A predetermined amount of plastic material, in the form of pellets, granules or powder, is 

loaded into an open mold that is mounted on the arm of the molding machine. The mold is 

then closed and clamped. The mold starts to rotate around its horizontal and vertical axes 

while being moved into a furnace where heat is being applied. This causes the material to 

melt and subsequently adhere to the inner surfaces of the mold, which forms the part. The 

mold continues to rotate during cooling and solidification to ensure that even distribution 

and wall thickness. Finally, the mold is unloaded and the part is ejected [10]. 
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Figure 8 Rotational Molding. From [21]. CC-BY. 

(1) The polymer material 

(2) The mold 

Table 7 Rotational molding characteristics 

Material Some thermoplastics 

Upfront cost  Moderate 

Part cost  Moderate 

Size L ð XL 

Cycle time Minutes 

Quantity <10K 

Complexity Medium 

[12] 

4.1.8 CNC Machining 

CNC (Computer Numerical Control) machining includes a multiple of processes and 

operations such as milling, drilling, lathe turning, routing and grinding. The starting 

workpiece in a CNC machining process is usually a solid block, rod or bar of plastic, or 

metal, which is then shaped by lather or milling machine through removal of material, it is 
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therefore defined as a subtractive process. Because it is a subtractive process it generates 

considerable excess waste in form of chips. However, modern CNC processes have 

efficient waste collecting and recycling systems. 

 Its applications are diverse and it is used for both prototyping and mass production in a 

variety of industries for shaping metal, plastic, wood, ceramic, composites and other 

materials. Most hard plastics can be machined with varying degree of difficulty and softer 

thermoset material requires specialized tooling. It is most often used as a post-processing 

operation for removing excess material or boring holes. It is also used as primary operation 

in production, for example low volume plastic parts that require preciseness, tight 

tolerances and geometries that are difficult to obtain through molding. 

The set up costs for CNC machining are low to moderate and once the machines are set 

up, the process will repeat a sequence with high accuracy and speed. Due to the process 

being almost fully automated, little operator involvement is needed which results in low 

labor costs. Time and money is saved by the ability to directly create the part on the CNC 

machine, as opposed to creating a mold. However, factors such as time and cost are highly 

dependent on part size, complexity and design. Cycle time and part per cost increase with 

part complexity. The process has limitations in design as features such as undercuts or 

curved internal channels would require a cutting cool with a certain geometry thatõs also 

able to access all surfaces, which would, either increase cost significantly, or not be possible 

at all [8]. 

 The CNC machining process:  

The process begins by creating 2D or 3D CAD-design. The part geometry and technical 

information of the CAD file is extracted by CAM (Computer-aided manufacturing) 

software which generates the CNC-code. The code contains toolpath data, the toolpath can 

be seen as instructions which control and dictate movement of cutting tools, speed and 

tool changeovers. The toolpath data is sent to the machine, and once the machine is 

prepared the operation can be executed. Material is removed from the workpiece through 

suitable CNC-operation, for example drilling, milling or turning. After manufacturing the 

part is cleaned, trimmed or polished if needed [22]. 
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Figure 9 CNC-machining processes. From [23]. CC-BY. 

 

Table 8 CNC Machining characteristics 

Material Thermoplastics 

Upfront cost  Low to moderate 

Part cost  Moderate to high 

Size XS-L 

Cycle time Minutes(depending on size) 

Quantity Low to mid volume 

Complexity Medium 

 [24] 

4.1.9 Additive manufacturing 

3D printing is a process where a 3D object is built by depositing layers of material 

successively, hence it is named additive manufacturing (AM). Note that the terms 3D 

printing and additive manufacturing can and will be used interchangeably in this study. Any 

AM process begins by design through computer-aided design software (CAD). The CAD 

model is exported to a file format called STL. STL-files stores information about the 3D 

model and describe only the surface geometry of the solid object, it contains no 

information about texture, color or other model attributes. The STL-file is then imported 

into another piece of software called òsliceró which converts the 3D model into a G-code. 

The G-code contains tailor made building instructions of the model which control the 3D 

printer. 
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A favorable aspect of additive manufacturing is that it doesnõt require any tooling or tool 

changeover as opposed to the traditional manufacturing techniques, thus making the 

beneficial from a cost efficiency standpoint. The CAD model enables the possibility to 

create inventive and imaginative objects with a high degree of freedom in form. Depending 

on desired material and shape, there are different types of 3D printing that can suit your 

application. The technology of additive manufacturing is divided into two categories: Rapid 

Manufacturing (RM) and Rapid Prototyping (RP). Rapid Manufacturing is the additive 

manufacturing process used to produce final parts or products, while Rapid Prototyping is 

used to produce prototypes, models and mock-ups.  

This study will focus on three 3D printing techniques in particular, that are suitable for 

additive manufacturing of plastic material: FDM, SLA and SLS [7][25]. 

4.1.9.1 Fused Deposition Molding  

Fused Deposition Molding (FDM) is the most widely used additive manufacturing 

technology. The process involves a polymer filament, which is loaded into the 3D Printer 

and fed through rollers into one or more nozzles where it melts. The material is then 

extruded and deposited at the bottom of the printer where it solidifies, the next layer is 

then extruded and fuses with the bottom layer. This sequence is repeated, layer by layer, 

until the desired object is built and complete. It is then solidified and cooled.  The nozzles 

are controlled by a three-axis system which enables it to move in X, Y and Z directions in 

order to create the object. Similar to CNC-machining, a G-code is used to control the 

movement of the axis.  

FDM is generally used for final products and prototypes but also to manufacture molds or 

molding tools. FDM can process a wide range of material, mostly thermoplastics such as 

ABS, PLA and PA. It is the most cost-effective method for producing thermoplastic parts. 

However, FDM provides the lowest dimensional accuracy in comparison to other 3D 

printing techniques and consequently it is not suitable for intricate parts [25]. 
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Figure 10 Fused Deposit Modeling process. From [26]. CC-BY. 

(1) The building platform 

(2) The polymer filament 

(3) The rollers 

(4) The heated nozzle 

(5) Supporting structure 

4.1.9.2 Stereolithography 
Stereolithography (SLA) is known for being the pioneer of 3D printing technology SLA 
involves a UV laser (most commonly) and a light-reactive thermosetting polymer called 
òresinó. The resin is stored in a tank where the object is created and an adjustable building 
platform is positioned slightly below a layer of the resin. The laser unit directs a UV beam 
to a reflective, computer-controlled mirror which steer the beam to the surface of the resin, 
where it draws or scan a cross-section of the 3D-model. The resin is cured and solidified in 
a process called photopolymerization when exposed to the UV laser. When a layer is 
complete, the building platform is lowered and the previous layer is coated by a new layer. 
This process of scanning and recoating is repeated layer by layer until the object is 
complete. 

Itõs a fast process that provides good dimensional accuracy, smooth surface finish and 

intricate details. However, mechanical properties and aesthetics of SLA parts can degrade 

overtime when exposed to sunlight. The common SLA materials are photopolymer resins 

(thermoset). Thermosetting parts are more brittle than thermoplastics and not suitable for 

functional parts or prototypes [25][27]. 
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Figure 11 Stereolithography process. From [28]. CC-BY. 

4.1.9.3 Selective Laser Sintering 

Selective Laser Sintering is an additive manufacturing technique that uses a high powered 

laser to fuse powdered material, which then creates a solid 3D object. The powdered 

material is first heated just below its melting temperature and then dispersed in a thin layer 

over the building platform. The computer controlled laser unit directs a beam towards the 

powder surface, through reflective mirrors. The laser scans the cross-section of a CAD-

model and selectively sinters the material which causes the particles in the powder to fuse 

together and solidify. When a layer is complete, the building platform is lowered and 

surface is recoated. The process is repeated until the object is complete. 

The most commonly used material for SLS is PA12, also known as Nylon 12 due to ideal 

sintering behaviour and good mechanical properties. Other available materials include 

thermoplastics such as PEEK or PA11. A beneficial quality of SLS is that it needs no 

support structure as the unsintered powder provides all the support required, hence designs 

with complex geometries can be created. However, SLS parts often have rough surface 

finish which may require post-processing. SLS is suitable for low to medium batch 

production [27][29]. 

Note that aspects such as material, cost, surface finish, mechanical properties and 

geometric freedom vary depending on AM technology. Size is dependent on the build 

volume of the 3D printer.  
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Figure 12 Selective Laser Sintering process. From [30]. CC-BY. 

(1) Powdered material  

(2) Building platform 

(3) Recoating unit (rollers) 

(4) Laser unit 

 

Table 9 Additive Manufacturing characteristics 

Material Thermoplastics and thermosets 

Upfront cost Low to moderate 

Part cost  Moderate 

Size XS-L(depending on build volume) 

Cycle time Minutes(depending on size and complexity) 

Quantity Low to mid-volume  

Complexity High 

 [24] 
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4.2 Screening of manufacturing processes 

It is imperative to first establish a benchmark and describe what criteria the manufacturing 

processes must fulfill in order to produce desired parts and subsequently be considered 

applicable. Following influencing factors have been taken into consideration when 

performing the screening: material, upfront costs, part cost, size, cycle time, quantity and 

complexity.  

Material 

 The problem section states that the manufacturing process should be able to produce parts 

with the same or similar properties as the current one. This doesnõt necessarily indicate that 

the new part has to be a thermoplastic, or even a plastic for that matter. As it happens, Lear 

Corporation is deliberating replacing plastic parts with a more eco-friendly option. This 

subject is currently being studied in a separate bachelor thesis by two other students of 

University West, with the objective to identify cost-effective and environmentally 

sustainable alternatives to plastic parts in the wire harness of automobiles.  Consequently, 

as stated in the limitations section, this study wonõt analyze the choice of material and 

therefore the premise is that the manufacturing process should be able to process 

thermoplastics, in particular material such as PA6, PA66 or PP. If a manufacturing process 

cannot process aforementioned materials or similar, then it is deemed inapplicable and 

screened out.  

Upfront cost 

Upfront costs include expenses that incur during the process of initiating a manufacturing 

process, such as tooling and equipment costs. The initial costs for injection molding are 

high due to expensive tooling and equipment. The upfront cost for the alternative 

manufacturing process should be lower than the current one in order to pose as a cost-

effective option. If the manufacturing process has higher upfront cost than the current 

process it is deemed unprofitable and consequently inapplicable.  

Part cost 

The price per unit for injection molding decreases with increased volume of parts, which 

makes it a process suitable and cost-effective for mass production. However, Lear 

Corporation is seeking a process viable at lower volumes. This means that any 

manufacturing process that is more suited for mass production will presumably be deemed 

inapplicable, regardless of low price per unit costs, as the lower volumes doesnõt incentivize 

the high upfront costs that a mass production process entails. However, it is possible to 

look at ways to modify a traditional mass manufacturing process to a process that suits 

lower volumes. 

Size 

 A plastic wire channel or bracket can vary in size depending on its location and use in the 

automobile. However, most parts are in the range of small to medium. Manufacturing 
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processes that have size constraints that donõt conform to the desired size of the average 

wire channel or bracket are therefore deemed inapplicable. 

Cycle time 

 Cycle time indicates the duration of an operation, in other words the time it takes to 

complete one production cycle from end to finish [8]. In the case of injection molding, the 

production cycle of one part can be completed within seconds. There are very few 

manufacturing processes that can match injection molding in terms of speed, therefore 

there will some degree of leniency towards processes that are slower (which most of them 

are) than injection molding and processes will not be dismissed solely on their speed, but it 

remains an essential factor when weighing and comparing processes. 

Quantity 

In this instance quantity is defined as the number of parts the manufacturing process can 

create in order to be profitable.  As mentioned earlier in the part cost paragraph, injection 

molding is a process that is suitable for higher quantities and Lear Corporation is seeking a 

process thatõs favorable at lower volumes. Itõs established that the current annual volume of 

plastic channels or brackets are approx 150,000 parts and these numbers are expected to 

decrease. However, the new quantity cannot be valued with certainty and is thereby 

unidentified. This makes the screening somewhat difficult as there is no definite 

benchmark set for desired quantity, but through studying the manufacturing processes in 

section 4.1 it is known what volumes the different processes generally favor.  

Complexity 

The wire channel or bracket can have varying degree of complexity depending on its use 

and location, which means that manufacturing processes must have an ability to produce 

part of various shapes and have a high degree of freedom in form. Manufacturing 

processes with evident restraints in part complexity will be unable to produce desired parts 

and will therefore be deemed inapplicable. One could argue that part design can be adapted 

to the capacity of manufacturing process in regard to part complexity. However, as stated 

in the limitations section this thesis will not explore the possibility of altering the design of 

product. 

A screening table will be presented below in regard to the aforementioned influencing 

factors. Injection molding has been set as the reference.  Note that cost per part has been 

excluded from the screening table since itõs an aspect dependent on volume which thereby 

makes it difficult to value or rate in a screening. For example, injection molding has a 

higher cost per part than vacuum forming under lower volumes but as the volume 

increases there is a break-even point where the cost per part for injection molding then 

becomes cheaper than vacuum forming. However, it is an important aspect that will be 

taken into consideration when reviewing each process post-screening.  
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Material: If the manufacturing process can process the same or similar material as injection 

molding (in particular thermoplastics such as PA66, PA6, PP) it is awarded a ò0ó. If it 

cannot process the same or similar material as injection molding it is awarded a ò-ò.  

Set up cost: If the upfront costs of a manufacturing process is higher than injection 

molding it is awarded a ò-ò. If lower itõs awarded a ò+ó and if the upfront costs are the 

same or similar to that of injection molding it is awarded ò0ó. 

Size: If the manufacturing has the ability, like injection molding, to produce the required 

size range of the wire channel or brackets (small to medium parts) it is awarded a ò0ó. If 

the manufacturing process has size limitations incompatible with the desired application it 

is awarded a ò-ò. 

Cycle time: If the manufacturing process has a faster cycle time than injection molding it is 

awarded a ò+ó. If slower it is awarded a ò-ò, and if the process has the same or similar cycle 

times than that of the reference it is awarded a ò0ó. 

Quantity: In this case, a process that produces lower quantities is considered a positive 

quality, with regards to the desire and preferences of Lear Corporation. Therefore, 

processes that produce lower quantities than injection molding are awarded a ò+ó. 

Processes that produce the same or similar quantities are awarded a ò0ó. 

Complexity: If the manufacturing process can produce parts with higher complexity than 

injection molding it is awarded a ò+ó. If the manufacturing process can produce parts with 

the same or similar degree of part complexity it is awarded a ò0ó and if the process has 

limited degree of part complexity in comparison to injection molding it is awarded a ò-ò. 

The ò+ó, ò-òand ò0ó are indicators that display the compatibility of each respective process 

in regard to the desired application with the support of injection molding as a benchmark. 

These indicators are added and subtracted into a sum total which represents what 

processes are applicable or inapplicable. 
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Table 10 Screening of Manufacturing Processes 
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Material 0 0 - - 0 0 0 0 0 

Set up cost 0 + + + + + + + + 

Size 0 0 0 0 0 - - 0 0 

Cycle time 0 - - - 0 - - - - 

Quantity 0 + + + 0 + + + + 

Complexity 0 - 0 - - - - 0 + 

Total 0 0 0 -1 0 -1 -1 1 2 

   

Injection molding 

One of the questions raised in the problem section was: Is it possible to make the current 

process more cost-effective? Injection molding is the current process and it has an 

excellent track record of delivering these parts with success, which is natural due to it being 

a highly compatible process for the desired application. It ticks almost every box regarding 

the aforementioned criteria, such as material, complexity and time. The issue with the 

current process is the high upfront costs which motivate high volume production rather 

than the lower volume production Lear Corporation expect in the future. However, can the 

process potentially be modified?  Can the tooling costs be decreased to a point where 

injection molding is a feasible option for Lear Corporations preferences and 

circumstances?  If so, what are the possible solutions?  These questions are worth exploring 

and the process will be evaluated further.  

Vacuum forming 

 It is a process with low tooling costs, reasonably fast and suitable for low volume 

production as well as offering flexibility in material selection. However, due to its 

limitations in part complexity, inability to form parts with uniform wall thickness and 

intricate parts it is deemed inapplicable and thereby dismissed from further evaluation. It 

can pose as a competitive option for visual prototypes but would not be the most suitable 

option for the desired application in comparison to injection molding or additive 

manufacturing. 

Reaction Injection Molding 

This process offer traits that comply well with the desired application in regard to several 

important aspects such as design freedom, quantity (low to medium volume), properties of 

part (depending on material) and cost (although costly it is less expensive than injection 
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molding). The major drawback however is that RIM only processes thermosetting 

polymers. This aspect makes RIM inapplicable as it does not produce thermoplastic parts. 

Compression molding 

The process is a good choice for low volume production and upfront costs are lower than 

injection molding. Although compression molding can process materials such as advanced 

composite thermoplastic, it is similarly to RIM mainly suited for thermosetting polymers 

such as rubber which, along with limitations in part complexity, makes it inapplicable for 

the desired application. 

Extrusion 

Extrusion is one of few plastic processes that can match injection molding in terms of cycle 

time and similarly to injection molding itõs a continuous process. However, the 

disadvantage of extrusion in this particular case is its restrictions in part complexity as it 

only produces parts with uniform cross section such as rods, tubes, films and sheets.  This 

conflicts with the requirements of desired application and thereby it is dismissed from 

further evaluation. 

Extrusion blow molding 

Similarly to extrusion, EBM is limited to a certain type of shape (hollow and thin-walled 

parts such as bottles or containers). It is also restricted in terms of size (usually large parts) 

and speed (relatively fast but slower than its counterpart injection blow molding). 

Consequently, it is not suitable for the desired application and therefore eliminated.  

Rotational molding 

Although rotational molding offer several benefits on a general level such as producing 

parts with uniform wall thickness and low tooling costs, the process is evidently not 

intended for desired application due to limitations in material, shape(hollow parts) and 

speed. 

CNC machining 

The process presents many favorable characteristics such as material, size and design 

flexibility as well as its suitability for low to medium volumes and low to moderate tooling 

costs. Although it can create parts with tight tolerances and geometries that are difficult to 

mold, CNC-machining have some limitations in part complexity. For example, features 

such as undercuts or curved internal channels would either be impossible to create or 

require tool access that would raise part cost significantly. For this reason CNC-machining 

is, albeit by a small margin, deemed inapplicable as there are other processes (such as 3D 

printing) that are more appropriate for desired application.   

Additive manufacturing 

3D printing is an emerging manufacturing technology that provides high degree of freedom 

regarding form and part complexity which makes it a plausible option for the desired 

application. Moreover, it is a process suited for low to medium volume and upfront costs, 
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although they vary, are low in comparison to injection molding. On the surface, 3D 

printing is an option that seems capable to produce desired parts and is deemed an 

applicable manufacturing option. The only drawback is the speed which is slower and more 

labor-intensive than injection molding. However, in this case the advantages, such as 

geometric freedom, outweigh the disadvantages and 3D printing is definitely a process 

worth evaluating further.  

4.3 Remaining manufacturing processes 

This subsections aims to provide further data and details regarding the remaining 

manufacturing processes that were deemed applicable during screening, in order to 

determine the most feasible option with regard to the desired application.  

The screening resulted in two manufacturing process, injection molding and additive 

manufacturing, being kept for further evaluation. This section will delve into each 

manufacturing process and further study its advantages and disadvantages as well as 

analyze the feasibility of each process in relation to the application. Cost estimates from 

various manufacturers will also be presented in order to gain an understanding of the 

manufacturing processes through a cost perspective as well as enabling cost comparisons. 

4.3.1 Injection molding 

Injection molding was deemed an applicable process as it is Lear Corporationõs current 

choice of manufacturing process and offer many favorable benefits which suit the desired 

application. Following questions were raised in the screening section in regard to injection 

molding and decreasing upfront costs:  

What factors constitute the high upfront costs? 

Can the process potentially be modified in order to decrease upfront costs?   

If so, what would be the following consequences? 

This section will attempt to answer these questions and identify solutions to minimize 

injection molding costs.  

4.3.1.1 Molding Tool 
The most important investment of any injection molding project is the design, build and 
purchase of the molding tool. The cost of tools varies greatly based on size and complexity 
with cost ranging from a few thousand dollars to millions. 
  
The three primary cost drivers for injection molded components are: mold cost, material 
cost, processing cost. The proportion of costs between these three cost drivers can vary 
depending on the application. A commodity application has a different cost breakdown 
structure than a custom part, although the parts may be of same weight. The quantity and 
part complexity are deciding factors regarding magnitude and proportion of costs. The 
commodity application might be designed for mass production of 1,000,000 pieces while 
the custom application has a production volume of 100,000. Due to the economy of scale 
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the overall costs would be lower for the commodity application. The material costs would 
constitute the majority of the part of cost of the commodity application and mold cost 
would account for a minor part of the cost due to simple part geometry. However, in the 
case of custom application the mold cost would be the most significant cost by far, as the 
mold requires more intricacy. The more complex the desired part, the more complicated 
and expensive the mold.  
 
Furthermore, molds are divided into two main categories: cold runner and hot runner 
systems. The objective of the runner is to direct the material flow from the sprue to mold 
cavities.  
 
Cold runners usually consist of two or three plate molds which are clutched in the mold 
base. Molten plastic is injected to the mold via the sprue and feeds the runners where the 
molten is then distributed to the mold cavities. Subsequently, the cold runner system cools 
the gate, sprue along with the molded part. An ejection system ultimately separates the 
runner and the part from the mold.  
 
The advantages of cold runners are inexpensive production and maintenance costs, making 
it more cost-effective than its hot runner counterpart. It has high material flexibility and is 
suitable for a wide range of polymers. Itõs quick and easy to modify colors and can be rapid 
if system is robotic.  The disadvantages of cold runners include the need to manually 
separate runner after each run, plastic material waste if the runners are not recycled, 
secondary operations needed trimming and longer cycle times in comparison to hot runner 
systems due to removal of sprues and runners.  
 
A hot runner system consists of two plates heated through a manifold system which 
distributes the molten material to various nozzles that fill the mold cavity. The system is 
therefore called a runnerless system.  The systems may be either externally or internally 
heated. Internal systems offer better flow control while externally heated systems are 
suitable for thermally sensitive polymers. 
 
Due to the elimination of runners the system has leverage over cold runners in terms of 
cycle time as there are post-production activities and reduction of potential waste and 
increased efficiency. Further benefits of hot runner systems are improvement of part 
quality and consistency, design flexibility and ideal for fabricating larger parts. However, 
hot runner systems are more expensive as the production, maintenance and tooling costs 
are higher than that of cold runners.  
 
Injection molds are expected to enable mass production and endure high pressure and 
temperatures during the molding process. Hence the mold material must be very rigid and 
durable, therefore steel is often the suitable choice of material. Note that there are several 
steel types and grades of steel available and costs vary depending on selected type. P20 is a 
steel grade that is widely used for plastic injection molding tools due to its versatility and 
characteristics such as hardness, corrosion resistance and good wear and tear resistance. 
 
Steel is a difficult material to machine, thus requiring high precision CNC machining (or 
Electrical discharge machining) and polishing for the mold cavities, which is a considerable 
cost. The production of the mold also causes lengthy lead times. However, with steel 
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tooling part complexity can be increased, the part cost becomes lower with increased 
quantity and millions of parts can be produced [7][10][31]. 

4.3.1.2 Aluminum Tooling 
It is established that various steel grades are predominantly used for injection molding 
tools, as they possess properties that can satisfy the high demands of the molding process. 
For use in longer production runs, the properties of steel such as strength and durability 
are unparalleled. However, supposing the production runs are shorter and the quantities are 
smaller, the steel mold would become less cost-effective as the high upfront costs canõt be 
justified by the low quantity. In those scenarios, aluminum tooling would be an ideal 
option. Just as steel, it is important to note that aluminum alloys have different grades with 
varying properties. Examples of aluminum alloys that are designed for injection molding 
are QC-10[32] or Alumec 89[33]. Along with reducing upfront costs, aluminum tooling can 
reduce cycle times due to better thermal conductivity and heat dissipation than steel, which 
in return leads to quicker cooling and heating times. Aluminum is also easier to machine. 
However, the lifespan of an aluminum tool is shorter than steel as it is not as robust. 
Furthermore, aluminum doesnõt have the same part consistency as steel.  
 
In conclusion, aluminum tooling can be a competitive and cost-effective alternative to steel 
depending on the application. If the demands from production are shorter runs and low-
medium quantities, then aluminum tooling could definitely be a feasible option [34]. Aside 
from aluminum tooling, there are further solutions to adapt the injection molding process 
to low volume production such as rapid tooling, which will be covered in 4.3.2.2.  

4.3.2 Additive manufacturing 

Due to the design flexibility and geometric freedom of additive manufacturing processes as 

well as lower upfront costs in comparison to injection molding, it was deemed applicable 

and kept for further evaluation. This subsection will introduce another additive 

manufacturing process that wasnõt presented in the earlier section, Multi Jet Fusion, a new 

emerging technology developed by HP (Hewlett-Packard) that displays faster production 

speed than other 3D printing processes and can produce functional, complex, lower cost 

parts. It is also said to enable mass production of parts [35]. This subsection will provide 

information regarding the advancements and benefits of additive manufacturing in the 

automotive industry, and also the cost mechanisms of additive manufacturing.  

Furthermore, this subsection will present a process called rapid tooling. 3D printed 

injection molding tools can be created in short time through rapid tooling, thus enabling 

the two processes injection molding and additive manufacturing to combine for low-

volume production. 

4.3.2.1 HP Multi Jet Fusion 
Multi Jet Fusion is an additive manufacturing technique developed by HP. It creates parts 
layer by layer through a multi-agent printing process. It belongs to the powder bed fusion 
family, along with SLS. The two processes are closely related and share many similarities, 
for example no support structures are needed in either processes. However, the main 
difference is the heat source, as SLS uses laser to sinter powder while MJF uses a fusing 
agent.  
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First, nylon powder is loaded into the 3D printer and applied in a thin layer over the 
building platform. Powder is evenly distributed through a recoating unit, such as a scraper. 
The powder is then heated slightly below its melting temperature. Next, a print head moves 
across the platform, selectively discharging droplets of fusing and detailing agents onto the 
powder bed. An infrared light is activated through flash lamps, heating up areas where 
fusing agents have been applied. The thermal energy causes the material to melt and fuse 
together. Detailing agent dispersed around the edge of the part prevents sintering, create 
smooth surfaces and support cooling. Once a layer is completed, powder is distributed on 
top of the previous layer by the recoating unit. This process is repeated until the detail is 
built [36]. 
 

 

Figure 13 HP Multi Fusion Jet process. From [37]. CC-BY. 

(1) Platform 

(2) Powdered material 

(3) Scraper 

(4) Print head 

(5) Flash lamps 

 
HP Jet Fusion 5200 Series 3D Printing Solutions is HPõs newly released 3D printing 
system. It is the upgraded version of HP Jet Fusion 4200 3D Printing Solutions and is ideal 
for mid-volume production of functional prototypes and end-use parts. It is able to 
produce parts with high accuracy and repeatability, similar to injection molding. Produced 
parts possess strong and isotropic material properties. Moreover, itõs cost-effective and one 
of the fastest 3D printing technologies compared to other additive manufacturing 
processes such as FDM or SLS. Although it has a limited range of materials, the technology 
has expanded its material portfolio in relation to its predecessor which was limited only to 
Polyamide 12 (PA12). Apart from PA12, the new version can be used to manufacture 
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Polyamide 11 (PA11), PA 12 Glass Beads. Here follows a short summary of the materials 
compatible with the HP Jet Fusion 5200. 
 
HP 3D High Reusability PA 11: PA11 provides ideal mechanical properties with chemical 
and impact resistance. Functional, quality and ductile parts can be created. It is suited for 
sports equipment, connectors, electrical, textiles and tubing, amongst other applications.  
 
HP 3D High Reusability PA12: Produces strong, complex, low-cost and functional parts. 
PA12 provides high mechanical properties as well as chemical and thermal resistance. Itõs 
ideal for a vast array of applications such as connectors, panels, enclosures and gears. 
 
HP 3D High Reusability PA12 Glass Beads: 40 % glass filled thermoplastic which 
produces stiff, dimensional and functional parts. Itõs ideal for applications requiring high 
stiffness and dimensional stability, such as housing, tooling and fixtures.  
 
These are technical specifications of the printer performance: 
Effective building volume: 380 x 284 x 380 mm 
Building speed: Up to 5058 cm3/hr  
Layer thickness: 0.08 mm 
Print resolutions(x,y): 1200 dpi 
Job processions solutions(x,y): 1200 dpi 
[35] 
 

4.3.2.2 3D Printing in the automobile industry 

M.Delic et al[38] explains and describes, in a scientific article called òAdditive Manufacturing: 
empirical evidence for supply chain integration and performance from the automotive industryó, how 
additive manufacturing (AM) can be used to make the supply chain more effective, mostly 
regarding the common areas of a supply chain; cost, reliability and lead time. AM can 
generally reduce lead times, reduce cost with higher complexity and enable a production 
that can easily change to produce other products. 

The authors have chosen to focus on how an integration of AM can be favourable for the 
automobile industry.  Besides the aforementioned benefits such as time efficiency and the 
enabling of production variability, the impact of AM from a cost perspective, will reduce 
tool cost, less waste, lower transport and storage cost and will reduce the tied up capital in 
stocks etc. The authors state that these advantages are possible in low volume 
manufacturing and that manufacturing starts when an order is filled.  

Therefore, the conclusion is that companies applying AM into their supply chain will have 
great leverage over their competitors. Through AM, you are given the possibility to easily 
respond to a dynamic market and still be able to offer a fast delivery time, which grants 
more satisfied customers and creates higher profits. Ford is an example of an automaker 
who has introduced AM into its supply chain, mainly into prototypes. This resulted in time 
for prototype design going from four months to four days.  

4.3.2.3 The economics of 3D Printing 
As previously stated, AM enables geometric freedom and can completely eliminate time 
spent for tool change, thus reducing time to market. AM will be able to reduce material 
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waste from production, which will render in a reduction of total costs for production. The 
limitations for AM are mainly the inability to mirror their counterparts in traditional 
processes, in areas such as surface finish. However, N. Hopkinson and P. Dickens [39] 
believe the problem itself is not connected directly to AM, but lies in the knowledge on 
how to process various materials with AM. Since remarkable improvements in both cost 
and an increase in properties has been made in recent years, most likely the knowledge 
around AM will keep advancing and therefore cheaper and better quality parts will be 
produced.  

 
N. Hopkinson and P. Dickens performed a study based on comparing Injection molding 
with different sub-processes of AM. The purpose of the study was to compare AM and 
Injection molding in terms of production cost per detail. The AM processes evaluated 
were; Sterolithography (SLA), Fused Deposition Modeling (FDM) and Selective Laser 
Sintering (SLS). The cost estimates were based on machine cost, labour cost and material 
cost which were used to get a understanding of the required volume that AM need to 
produce in order to be more favourable than Injection molding.  Note that the study was 
based on the assumption that AM and injection molding will produce the same amount of 
parts for a year.  

 
The result of Hopkinson and Dickens study showed that all AM methods have a static cost 
per detail, meaning the AM cost per detail remains the same irrespective of volume 
produced. Injection molding however, showed an exponential decay in cost per detail with 
higher and increased volumes. This clarifies that AM cost per detail is not dependent on 
the production volume, which could be useful for further cost analysis and comparisons.  
Furthermore, Hopkinson and Dickens study also showcased that SLS will be cheaper to 
produce compared to SLA and FDM.  

4.3.2.4 Rapid Tooling 

Rapid Tooling is a method used to create tools for traditional manufacturing processes 
using additive manufacturing. Furthermore, this means that the purpose is to combine 
rapid tooling with a manufacturing process, for example injection molding. Through rapid 
tooling, itõs possible to reduce lead time for tool manufacturing and achieve lower cost 
compared with aluminium or steel tools. However, rapid tooling has its disadvantages 
compared to a traditional tool manufacturing. Rapid Tooling has shown to result in lower 
quality of the end product and is only suitable for lower quantity manufacturing.  

J.R.C. Dizon et al [40] followed through a study with the purpose to compare traditional 
manufacturing tools, or in this case molds/tools made with AM. Firstly, the author 
establishes some tooling material properties that are important to consider, such as thermal 
stability, thermal conductivity, hardness, corrosion resistance, ability to obtain desired 
surface finish etc. Materials that are ideal in terms of the aforementioned mechanical 
properties are steel and aluminium, and are therefore the most common injection molding 
tools. Aluminium has a faster cycle time compared to steel tools, but steel tools are 
stronger, durable and have a longer life span.  

J.R.C. Dizon et al further states that thermal conductivity from the melted plastic to 
cooling media through the mould has a direct connection to lead time and cost. Meaning, if 
the heat transfer is increased it leads to faster cooling, thus making the cycle time faster. 
Therefore, it is extremely important with an effective cooling system and a material that has 
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the possibility to lower cycle time, which has the possibility to give a cost reduction.  The 
choice of material for a tool should be based on the desired application and requirements, 
and therefore making it important to understand what the tool should be used for to gain 
minimum cost.  

Rapid tooling can be divided into more subcategories, but this study will focus on direct 
rapid tooling. Direct rapid tooling means creating tools that mirror the properties of a tool 
made from a traditional manufacturing method. The authors state that direct rapid tooling 
is only used for prototyping and low quantity manufacturing. 

Injection molding (IM) with traditional tools has lengthy manufacturing times and tooling 
is expensive. However, the high investment costs can be justified if the tool has a long 
lifetime and is used for high quantities, but should the quantity reduce to low volumes it 
will lead to a drastic increase in cost/detail. Therefore, fabricating IM tools with AM is 
more profitable in low quantity manufacturing. Rapid tooling can result in a more rapid 
tool making and a more cost effective manufacturing with lower volume. It also offers the 
normal AM benefits, like geometric freedom and easier adoption in manufacturing. Using 
AM for tools demands a material which can withstand; high temperature, tough, hard and 
probably most important a material that has a higher melting point than the material 
getting processed to the end product.  

In conclusion, the authors state that AM tools are useable but itõs a highly complex process. 
To elaborate further as to what the authors mean by this is that there are a lot of 
parameters that have to conform and be correct in order for the process to work 
successfully, but there is still use for rapid tooling, especially for prototyping and low 
volume production of simple parts. However, it needs further research and development 
before it could replace traditional manufactured tools.  

4.3.3 Cost estimates 

In order to estimate the cost and feasibility of each process, various manufacturing 

companies who provide services related to injection molding and 3D printing were 

approached. The companies were asked to give their assessment of the part and determine 

what process would be ideal for the application and thereafter provide a quote for ideal 

process.  

The part displayed in figure 2 was shared with manufacturers. Due to confidentiality 

reasons, CAD-designs of Learõs existing plastic channels or brackets were not allowed to be 

disclosed with manufacturers, therefore a modified model of a plastic channel or bracket 

was designed. The object of the designing of new part was to resemble the existing parts in 

terms of complexity, size and shape in order to get a fair cost estimate and later make cost 

comparisons. As mentioned earlier, it is important to emphasize that plastic wire channels 

or brackets have varying shapes, complexity, sizes and volumes. However, in order to 

receive quotes, following sample part was designed and distributed in agreement with Lear 

Corporation.  
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Figure 14 Model of plastic wire channel 

4.3.3.1 Danke Mold  
Danke Mold is a manufacturing company based in south China who provides services such 
as plastic injection molding, CNC-machining, vacuum casting, 3D printing, rapid 
prototyping and rapid tooling.   
 
Danke Mold was approached through e-mail to give their opinion on which of their 
services would be best suited for the desired application. A stp-file of the part displayed in 
figure 2 was attached along with the following information required in order to request for 
quote: 
Material: Either PA66, PA6 or PP 
Surface finish: Standard  
Quantity: 75,000 parts per year 
 
As earlier stated, the quantity is not definite, partly due to varying volumes of channels and 
bracket but also due to difficulty valuing the new and lower quantities expected with hybrid 
and electric cars.  However, in order to receive a quote a rough estimate had to be set and 
in agreement with company supervisor, 75,000 parts per year was set as a reasonable 
estimation.  
 
Danke Mold provided injection molding quotation (appendix A), injection molding tooling 
quotation (appendix B) and prototyping quotation (appendix C). Danke Mold assessed that 
injection molding was the most feasible and cost-effective process for this application due 
to volume and mechanical properties. According to T.Tan, project manager at Danke Mold 
[41], additive manufacturing, in this case the SLA technology, is not recommended due to 
the volume production and the material used for 3D printing does not have the same 
mechanical properties as the ones used for injection molding. Itõs fragile and much easier 
affected by high temperature, sunlight and idle time. However, Tan claims that 3D printing 
could be viable for 1 to 20 prototype parts in order to test and check features. 
 
In the tables and charts below, a comparison in molding and tooling costs between Danke 
Mold and Lear Corporation are displayed. Note that the compared parts are different in 
terms of volume, geometry and size which skews the comparison as these are important 
influencing factors of costs. However, it is done to give context and an indication of Danke 
Molds cost in relation to Lear Corporations costs.  
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A refers the part displayed in figure 2. B, C and D refer to parts currently used by Lear 
Corporation as plastic wire channels or brackets. As earlier mentioned, due to 
confidentiality reasons part supplier is not allowed to be disclosed and these parts are not 
allowed to be visually displayed in the thesis. However, part and cost details shown below 
can be shared. The quantity is the annual volume of parts.  

Table 11 Presentation of Danke Mold and Lear Corporation costs 

Company Process Part Material Quantity Part per 
cost 
(û) 

Part 
Cost 
(û) 

Danke Mold Injection 
Molding 

A PA6 1,000 0.71 710 

Danke Mold Injection 
Molding 

A PA6 75,000  0.48 36,357 

Danke Mold Injection 
Molding 

A PP 1,000 0.46 460 

Danke Mold Injection 
Molding 

A PP 75,000 0.28 21,266 

Danke Mold SLA A ABS-Like 1 11.89 11.89 

Danke Mold SLA A PA 12 1 22.87 22.87 

Lear  
Corporation 

Injection 
Molding 

B PA6 111,111 0,48 53,333 

Lear 
Corporation 

Injection 
Molding 

C PA6 111,111 0,772 85,778 

Lear 
Corporation 

Injection 
Molding 

D PA6 75,556 0,6913 52,134 

  

 

Figure 15 Cost comparison chart between Danke Mold and Lear Corporation  

 



Cost-effective manufacturing process for plastic components in automotive industry 

 40 

Table 12 and figure 16 presents and illustrates of the injection tooling costs between Danke 

Mold and Lear Corporation. Further information about Danke Mold and Lear Corpations 

tooling are presented in the table below. 

 

Company Part Mold material  Lead time Tooling Price 

(û) 

Danke Mold A Steel 25 days 4427 

Lear Corporation B Steel 16 weeks 109,600 

Lear Corporation C Steel 16 weeks 93,700 

Lear Corporation D Steel 16 weeks 129,550 

Table 12 Presentation of the tooling costs of Danke Mold and Lear Corporation 

 

Figure 16 Cost comparison of the tooling costs between Danke Mold and Lear Corporation 

Lear Corporation tooling information 
The lifespan of part B, C and D production is 7 years. The annual volume for parts are 
111,111 (part B), 111,111 (part C) and part D (75,556). In the case of part B and C, this 
means that 111,111 x 7 = 528,892 parts shall be produced. The tool has two cavities and 
thereby produces two parts per cycle, which means 528,892 parts are produced in 264,446 
cycles in order to achieve lifetime production. Although steel grade of tooling is 
undisclosed, it can manufacture up to 1,000,000+ cycles.  
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Danke Mold tooling information 

Life time: 50,000 cycles 

Cavity number: 1 x 2 

Mold base: MUD (Master Unit Die) base  

Core/cavity steel: P20/P20 

Tooling structure: Cold runner, edge gates; 4 sliders 

What is a MUD mold?  

A MUD (Master Unit Die) includes a typical injection molding frame coupled with several 

mold inserts in order to define the shape of the internal cavity, and thus the final part. The 

inserts are fabricated through CNC-machining or EDM, depending on material 

requirements for the inserts. There are different types of frames depending on size and 

number of units to be produced. The major benefits of MUD mold are the decreased 

upfront-costs, labor costs, setup time and lead time. It also creates a simpler and faster 

mold installation than a general mold [42]. 

4.3.3.2 Protolabs 
Protolabs is a global manufacturer with headquarters in Minnesota, USA that provides 3D 
printing, CNC-machining and injection molding of parts for prototyping and short-run 
production. Protolabs were approached via e-mail, and request for quote was made. 
Unfortunately, Protolabs did not respond to the e-mail. However, there was a possibility to 
get an instant 3D printing quote through Protolabs web portal. Part requirements such as 
material, surface finish and quantity were filled in, and desired 3D printing process was 
chosen. This generated quotes for Selective Laser Sintering (appendix D) and Multi Jet 
Fusion (appendix E).  
 
Table 13 presents a cost comparison between Protolabs 3D printing services and Lear 
Corporations current costs for various injection molded part. Estimated lead time for 
Protolabs 3D printing was unavailable and is therefore not included in the table. 
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Table 13 Presentation of Protolabs and Lear Corporation costs 

Company Process Part Material Quantity Part 
per 
cost  
(û) 

Part 
Cost 

(û) 

Tooling 
Cost 
(û) 

Total 
Cost 
(û) 

Protolabs SLS A PP 1000 37.956 37,956 - 
 

37,956 

Protolabs MJF A PA 12 1000 31.123 31,123 - 
 

31,123 

Lear  
Corporation 

Injection 
Molding 

B PA6 111,111 0.48 53,333 109,600 162,933 

Lear 
Corporation 

Injection 
Molding 

C PA6 111,111 0.772 85,778 93,700 179,478 

Lear 
Corporation 

Injection 
Molding 

D PA6 75,556 0.6913 52,134 129,550 181,684 

 

 

Figure 17 Cost comparison between Protolabs and Lear Corporation 

4.3.3.3 Forerunner 3D Printing 
Forerunner 3D Printing is a manufacturer based in Michigan, USA who provides 3D 
printed prototypes and low volume part manufacturing services. Their repertoire of 
additive manufacturing technologies includes SLS, FDM, PolyJet, HP Multi Jet Fusion and 
SLA. The company was approached via e-mail and requested to provide a quote for HP 
Multi Jet Fusion (appendix F). Forerunner 3D use the HP Multi-Jet Fusion 4200 3D 
Printer, a precursor to the 5200 3D printer which was presented earlier. The printer was 
able to accommodate 75 of the desired parts per build (the effective building volume is 380 
x 284 x 380 mm).  
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Dylan Fritz, company representative [43], further commented that a principle they go by 
with a customer deciding between injection molding and additive manufacturing is, if the 
part is bigger than one to two cubic inches in size (such as ours) and the desired quantity is 
above 2,000 parts, then injection molding is the favored option. However, if the desired 
quantity is less than 2,000 parts then MJF would be a more cost-effective and faster option 
than injection molding. Moreover, if the part is around 1 cubic inch, itõs feasible to produce 
volumes up to 5000 parts a year due to the amount of parts being able to fit in one build.  
 
D.Fritz also suggests another solution called bridge production. Tooling for injection 
molding causes lengthy lead times, and customers who are waiting for their tool to be 
manufactured can use the idle time to fill orders of 3D printed parts. This allows the 
customer to begin production earlier, and once the tooling is done the customer transfers 
over to launch injection molding process, with parts already available. This defines bridge 
production. 
 

Table 14 presents a cost comparison between Forerunner 3Dõs HP MJF technology and 

Lear Corporations current costs. 

Table 14 Presentation of Forerunner 3DP and Lear Corporations costs 

Company Process Part Material Quantity Part per 
cost 
(û) 

Part 
Cost 

(û) 

Tooling 
Cost 
(û) 

Total 
Cost 
(û) 

Lead 
Time 

Forerunner 3D HP MJF A PA12 75 27.6 2068 - 
 

2068 3-4 
days 

Forerunner 3D HP MJF A PA12 1000 27.6 27,573 - 
 

27,573 - 
 

Forerunner 3D HP MJF A PA12 2000 27.6 55,147 - 55,147 - 

Lear 
Corporation 

Injection 
Molding 

B PA6 111,111 0.48 53,333 109,600 162,933 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

C PA6 111,111 0.772 85,778 93,700 179,478 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

D PA6 75,556 0.6913 52,134 129,550 181,684 16 
weeks 
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Figure 18 Cost comparison Forerunner 3DP and Lear Corporation 

4.3.3.4 Prototal 

Prototal is a manufacturer based in Jönköping, Sweden who specialize in 3D printing, PU-

casting and injection molding and tooling. Prototal were approached via e-mail and asked 

to assess what process would be most suitable for our application, and subsequently 

provide a quote for said process.  

J.Haskovec, key account manager [44], made the assessment that injection molding with 

aluminum tooling would be the most adequate option for this application. Although the 

detail can be 3D printed, Prototal wouldnõt be able to fit an ideal amount of parts into the 

printer due to part size and shape, thus making 3D printing a less suitable option.  

As per Prototal recommendations, a quote for injection molding was requested and 

subsequently provided (appendix G).  

Cost details of Prototalôs injection molding 
The tooling material is aluminum. The lifespan of the aluminum tool is approx 20,000 
cycles and it has two cavities, meaning the maximum capacity of details the tool can 
produce is 40,000. The cost for the aluminum tool is 13,900û. 
 
A batch size of 5,000 parts results in a cost of 2491û, with an additional set up cost per 
order of 171û. In other words, the total investment cost of the injection molding, excluding 
shipping and packing is: 
13,900 + 2491 + 171 = 16,562û 
 
Suppose a quantity of 40,000 parts is needed, which is the maximum capacity of the tool, 
the cost would be as follows: 
 
40,000 / 5000 = 8 batches 
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8 x 2491 = 19,928û (the cost for 8 batches of 5000 parts each) 
 
8 x 171 = 1368 û (total set up costs) 
 
The total investment cost of the injection molding, excluding shipping and packing would 
be: 
 
13,900 + 19,928 + 1368 = 35,196û 
 
However, note that this cost is assuming the batch order is limited to 5000 parts. 
According to J. Haskovec, the batch sizes can be increased if requested, for example a 
batch size of 10,000 parts or even 20,000 parts can be delivered at once. A bigger batch size 
would reduce set up costs and thus the total investment cost. 

Table 15 Presention of Prototal and Lear Corporation costs 

Company Process Part Material Quantity Part per 
cost 
(û) 

Part 
Cost 

(û) 

Tooling 
Cost 
(û) 

Total 
Cost 
(û) 

Lead 
Time 

Prototal Injection 
Molding 

A 
 

PA6 5,000 0.5 2662 13,900 16,562 4 
weeks 

Prototal Injection 
Molding 

A PA6 40,000 0.4982 19,928 13,900 35,196 - 

Lear 
Corporation 

Injection 
Molding 

B PA6 111,111 0.48 53,333 109,600 162,933 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

C PA6 111,111 0.772 85,778 93,700 179,478 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

D PA6 75,556 0.6913 52,134 129,550 181,684 16 
weeks 

 

Figure 19 Cost comparison between Prototal and Lear Corporation 
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Figure 20 Cost comparison of tooling costs between Prototal and Lear Corporation 

4.3.3.5 Xometry 
Xometry is a global manufacturing company based in Gaithersburg, Maryland, USA. The 
services provided by Xometry include CNC-machining, Sheet Metal, 3D Printing and 
Injection Molding. Xometry were requested to provide a quote for HP Multi Jet Fusion 
(appendix H). Xometry uses several different models of HP 3D printers, including the HP 
Jet Fusion 5210, according to Xometry Business Development Manager L. Guedes [45]. 
The material requested was Nylon PA 12 Grey/White. The part will need color finishing if 
black color is desired. Guedes further commented that prices provided are approximate 
and depends on the type and quantity of items or part requested. 
 

Table 16 Presentation of Xometry and Lear Corporation costs 

Company Process Part Material Quantity Part per 
cost 
(û) 

Part Cost 

(û) 
Tooling 

Cost 
(û) 

Total 
Cost 
(û) 

Xometry HP MJF A PA 12 1 21.91 21.91 -  21.91 

Xometry HP MJF A PA 12 1000 21.91 21,910 - 21,910 

Lear   
Corporation 

Injection 
Molding 

B PA6 111,111 0.48 53,333 109,600 162,933 

Lear  
Corporation 

Injection 
Molding 

C PA6 111,111 0.772 85,778 93,700 179,478 

Lear  
Corporation 

Injection 
Molding 

D PA6 75,556 0.6913 52,134 129,550 181,684 
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Figure 21 Cost comparison between Xometry and Lear Corporation 

4.3.3.6 RYD Tooling 
RYD Tooling is a manufacturer based in Shenzhen, China who specializes in plastic 
injection molding. Capabilities include design, prototyping, mold making and injection 
molding, from low volume production to large volume production. A quote was requested 
and provided by RYD Tooling for injection molding (appendix I), with PP as part material 
and steel type 738, which is a pre-hardened steel similar to P20, as tooling material. The 
tool life is 300,000 cycles and the number of tool cavity is two. The lead time for the tool is 
35 days, while the lead times for the purchased parts only are presented in the table below. 
 
Furthermore, marketing director K.Wu [46], explained that RYD Tooling have experience 
of fabricating similar type of molds for European customers in the automotive industry, 
such as BMW. 

Table 17 Presentation of RYD Tooling and Lear Corporation costs 

Company Process Part Material Quantity Part per 
cost 
(û) 

Part 
Cost 

(û) 

Tooling 
Cost 
(û) 

Total 
Cost 
(û) 

Lead 
Time 

RYD Tooling Injection 
Molding 

A PP 5,000 0.26 1,300 8939 10,239 5 days 

RYD Tooling Injection 
Molding 

A PP 10,000 0.24 2,417 8939 11,356 6 days 

RYD Tooling Injection 
Molding 

A PP 75,000 0.21 16,077 8939 25,016 20 days 

Lear 
Corporation 

Injection 
Molding 

B PA6 111,111 0.48 53,333 109,600 162,933 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

C PA6 111,111 0.772 85,778 93,700 179,478 16 
weeks 

Lear 
Corporation 

Injection 
Molding 

D PA6 75,556 0.6913 52,134 129,550 181,684 16 
weeks 
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Figure 22 Cost comparison between RYD Tooling and Lear Corporation 

 

Figure 23 Cost comparison of the tooling costs between RYD Tooling and Lear Corporation 
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5 Discussion 

This section aims to analyze, examine and explain the concepts and results presented in 

section 4, including potential manufacturing processes, screening of manufacturing 

processes and remaining manufacturing processes, with focus on the cost estimates 

provided by manufacturers. The analysis of the gathered data will yield proposed solutions 

and provide answers to the thesis problem. 

5.1 Potential manufacturing processes 

The purpose of this subsection was to gain an understanding of the most common plastic 

manufacturing processes. The knowledge was obtained through various sources, 

predominantly literature.  A total of nine manufacturing processes were presented: injection 

molding, vacuum forming, reaction injection molding, compression molding, blow 

molding, rotational molding, CNC-machining and additive manufacturing.   

A brief recap of each manufacturing process will be done, beginning with Lear 

Corporations current process injection molding. 

Injection Molding 

Injection molding is one of the most common plastic manufacturing processes used for a 

wide range of applications, in particular automotive, industrial and household products.  

The process begins by feeding plastic pellets or granules into a barrel via a hopper. The 

pellets are pushed forward by a rotating reciprocating screw through a heated chamber, 

shearing and melting the material in the process. The molten is injected through the force 

of the screw into a mold cavity. The molten is then chilled down and solidified. Finally, the 

mold is opened and the part is removed. 

Injection molding offers many benefits such as high precision, efficiency, ability to produce 

highly complex parts, flexible selection of material, low labor costs since itõs an automated 

process requiring minimal supervision, cost-effective for mass production and little or 

almost no need for subsequent processing due to high pressures which ensures good 

surface finish. It is a fast process with a cycle time of approx 30 seconds, depending on 

complexity of mold. 

The drawbacks of injection molding are mainly price-related, as expensive equipment and 

tooling for injection molding amount to high upfront costs. Due to the high pressures, 

temperatures and forces at work during injection and clamping, injection molding is a 

process that requires accurately engineered tools that are strong, durable and can provide 

good surface finish. Consequently, this means that injection molding requires high volume 

production to justify the upfront costs. At low volumes however, it would not be a suitable 

or cost-effective option. 
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Vacuum forming 

Vacuum forming is a subcategory of thermoforming where first, a plastic sheet is clamped 

into a frame above an adjustable mold and then heated. Upon heating the sheet becomes 

pliable. The mold is moved upwards, stretching the mold and vacuum is activated which 

causes the sheet to adhere with the mold surface, thus forming the part.  

It is a simple and inexpensive process due to low pressures and forces involved, therefore 

expensive tooling is not required. Molds are usually made out of wood and plaster. 

Consequently, vacuum forming is economical for prototyping and low volume production. 

Vacuum forming also offers material flexibility as most thermoplastics can be used. 

However, the process has limited freedom in form, as only thin walled parts can be 

produced. Post-production processing such as trimming is often needed which causes 

expenses, waste and longer production time. Typical applications include baths and shower 

trays, packaging, transportation and aerospace interiors. 

Reaction Injection Molding 

The RIM process is similar to injection molding but with a few exceptions such as 

processing material, where thermosets are used in RIM and not thermoplastics. This means 

that material is cured, rather than only cooled as is the case with thermoplastics. Another 

distinction is that injection molding uses one single material, molten plastic, during 

injection whereas RIM uses two polymer liquids or reactants. These two reactants, usually 

isocyanate and polyol, are poured into separate containers equipped with temperature and 

feed-controlling mechanisms where the material is properly conditioned. Pumps transport 

the two liquids to the mixing head where they are mixed together and undergo a chemical 

reaction, creating polyurethane which is then injected into the mold cavity.  

The overall cycle is slower compared to injection molding and the raw materials used in 

RIM are more expensive. However due to no heating of plastic, the lower injection 

pressure and lower material viscosity, the product equipment is significantly less expensive 

than injection molding and also makes it ideal for larger parts.  

The process can be used to produce low or high quantities of thermosetting foams. It is 

commonly used to produce prototypes that will be injection molded because of low tooling 

costs, while repeatability, part consistency, complexity and accuracy are high. The most 

common RIM material is PUR (polyurethane) which offers a high level of dynamic 

properties, heat resistance and dimensional stability. Typical applications include 

automotive bumpers and car interiors, domestic and commercial furniture such as chairs 

and seats, and also sporting goods and toys.   

Compression molding 

Compression molding is a manufacturing process most commonly used to produce 

thermosetting polymers (such as rubber, polyester or phenolic), although it is applicable to 

some thermoplastic parts as well. A predetermined quantity of plastic material is placed in 
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an open mold with two halves. The mold closes through applied hydraulic pressure and 

heat, which forces the material to fill up the mold cavity. 

 It is suitable for medium to high volume production and tooling costs are moderate. 

Compression molding can produce small or large parts with high quality surface finish. 

Compared to injection molding it is less efficient and the cycle times are longer. 

Compression molding and injection molding share a lot of similarities as the both use 

matched tooling (although tooling for compression is cheaper) and both processes are 

done under heat. The main difference is that injection molding is predominantly used for 

thermoplastics and compression molding for thermosetting polymers. Compression 

molding also has limitations in form freedom and is not as suitable for complex designs. 

Typical applications include electrical housing and kitchen equipment, buckles, rubber 

boots, buttons, knobs, device cases and appliance housing. 

Blow molding 

Blow molding is a group of processes including extrusion blow molding, injection blow 

molding and stretch molding, used to mass produce hollow containers. Extrusion blow 

molding (EBM) is the oldest, simplest and most common type of blow molding. During 

EBM, plastic pellets or granules are melted and extruded into a hollow tube, called the 

parison. The parison is dropped in between two halves of a mold, one end of the parison is 

sealed and the other end is open. The mold halves are then clamped together and air is 

blown into the open end of the parison which inflates and expands it. The parison is forced 

against the internal surface of the mold cavity, thus taking the shape of the mold.  

 It is a favorable process due to its versatility and can be used to process a variety of 

container shapes and an extensive choice of material. It enables the production of 

considerably large hollow products. The most compatible materials are thermoplastics such 

as PP, PE, PVC and PET. It operates at lower pressures than injection molding, which 

makes the tooling less expensive. Although relatively fast it is slower than its blow molding 

counterpart injection blow molding. Typical applications are mainly in the medical, 

veterinary, chemical and consumer industries to produce bottles, containers and consumer 

packaging.  

Rotational molding 

Rotational molding is a process used to produce large parts of hollow and complex forms 

with uniform wall thickness. The process involves an open mold mounted on the arm of 

the molding that rotates while being moved into a furnace where heat is applied which 

causes the content inside the mold, in the form plastic powder, to melt and adhere to the 

inner walls of the mold, thus forming the part. 

 It is cost-effective as the process uses centrifugal force, instead of pressure, to fill the 

mold, making tooling less inexpensive than most other plastic manufacturing processes. 

Although no pressures are involved, good quality and surface finish can be obtained. The 

molds are usually fabricated or cast, and typically manufactured from stainless steel or 
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aluminum. These factors make rotational molding suitable for low to medium volumes. It 

is a slow and long process with cycle time between 30 and 60 minutes. The most 

commonly used material is PE, as it can be ground into powder at room temperature. 

Other thermoplastics such as PP, PVC and EVA can be used. Typical applications include 

tanks, large containers, furniture and toys. 

CNC machining 
CNC (Computer Numerical Control) machining is a subtractive proves which multiple 
processes and operations such as milling, drilling, lathe turning, routing and grinding. The 
process begins by creating 2D or 3D CAD-design. The CAD file is extracted by CAM 
(Computer-aided manufacturing) software which generates the CNC-code. The code can 
be seen as instructions which control and dictate movement of cutting tools, speed and 
tool changeovers. The code is sent to the machine, and once the machine is set up the 
operation can be executed. The workpiece in a CNC machining process is usually a solid 
block, rod or bar of plastic, or metal, which is shaped by lather, drilling or milling machine 
through removal of material, it is therefore defined as a subtractive process. 
  

Its applications are diverse and it is used for both prototyping and mass production in a 

variety of industries for shaping metal, plastic, wood, ceramic, composites and other 

materials. It is most often used as a post-processing operation for removing excess material 

or boring holes. It is also used as primary operation in production, for example low volume 

plastic parts that require preciseness, tight tolerances and geometries that are difficult to 

obtain through molding.  

 The set up costs for CNC machining are low to moderate and once the machines are set 

up, the process will repeat a sequence with high accuracy and speed. Due to the process 

being almost fully automated, little operator involvement is needed which results in low 

labor costs. Time and money is saved by the ability to directly create the part on the CNC 

machine, as opposed to creating a mold. However, factors such as time and cost are highly 

dependent on part size, complexity and design. Cycle time and part per cost increase with 

part complexity. The process has limitations in design as features such as undercuts or 

curved internal channels would require a cutting cool with a certain geometry thatõs also 

able to access all surfaces, which would, either increase cost significantly, or not be possible 

at all. 

Additive manufacturing 

3D printing is a process where a 3D object is built by depositing layers of material 

successively, hence it is named additive manufacturing (AM), although 3D printing and 

additive manufacturing can be used interchangeably. Any AM process begins by design 

through computer-aided design software (CAD). The CAD model is exported to a file 

format called STL. The STL-file is then converted into a G-code. The G-code contains 

tailor made building instructions of the model which control the 3D printer. 

A favorable aspect of additive manufacturing is that it doesnõt require any tooling or tool 

changeover as opposed to the traditional manufacturing techniques, thus making the 
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beneficial from a cost efficiency standpoint. The CAD model enables the possibility to 

create inventive and imaginative objects with a high degree of freedom in form. Factors 

such as material, cost, surface finish, mechanical properties and geometric freedom vary 

depending on AM technology. Size is dependent on the build volume of the 3D printer. 

Fused Deposit Modeling (FDM), Stereolithography (SLA) and Selective Laser Sintering 

(SLS) are examples of common additive manufacturing technologies, with each technology 

having their own unique process characteristics, applications, advantages and 

disadvantages.  

Summary 
Several processes were covered in this study, but there are even more established plastic 
manufacturing techniques available that couldõve been included. However, as the 
limitations state, no more than ten manufacturing processes will be presented. Moreover, 
for this particular application there are only a few realistic and feasible alternatives, 
therefore including more than ten processes, although fruitful from an educational 
standpoint, would be redundant and insignificant for the project goal.  
 
The section gave us an understanding of the processes in terms of their methodology, 
characteristics, applications, advantages and disadvantages. The knowledge was obtained 
through various sources such as literature, science based articles and web sources. The 
sources were deemed reliable and the information obtained was considered sufficient in 
order to perform the next step, which was the screening. The sources were interpreted in 
relation to the desired application and thereafter the manufacturing processes were judged 
applicable or inapplicable. 

5.2 Screening of manufacturing processes 
The knowledge obtained about the potential manufacturing processes in the previous 
subsection was used as the foundation to perform the screening. The purpose of the 
screening was to eliminate and filter out inapplicable processes with regard to a number of 
factors derived from Lear Corporations requirements and prerequisites. The processes 
deemed plausible were kept and evaluated further. An eventual flaw with the screening is 
that the data used as grounds are solely interpretations of literature, science based articles 
and web sources in relation to the application, whereas one might suggest that an opinion 
of, for example a manufacturer that provides services related to aforementioned processes, 
would complement the sources in order to make a more legitimate and authentic 
judgement during the screening. However, the outcome of the screening was deemed 
reasonable according to our university supervisor and we chose to proceed without 
approaching any manufacturers during the screening. Moreover, contacting manufacturers 
for all nine manufacturing processes and awaiting feedback before proceeding mightõve 
resulted in idle time, which would be inconvenient due to our time constraints. 

Table 10 illustrates the screening of manufacturing processes. Injection molding was set as 
the reference and was intended beforehand to be kept and evaluated further due to its 
compatibility with the desired application and the possibilities of optimizing the process in 
terms of cost. A ò+ó indicated that a process had a better and positive quality in a certain 
parameter than injection molding in relation to the application. A ò0ó indicated that a 
process had the same quality in a certain parameter as injection molding, and a ò-ò 
indicated that a process had a negative quality in a certain parameter in relation to injection 
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molding. Results of the screening showed that the process considered most suitable for the 
application in relation to the reference was additive manufacturing. Additive manufacturing 
was found to offer many favourable benefits, the only issue was the slow production speed 
and longer cycle times in comparison to injection molding. However, the pros of additive 
manufacturing outweighed the cons and therefore it was kept for further evaluation.  

The other manufacturing processes were screened out due to various reasons, such as 
limitations in complexity, size or material. A recap of the rationale behind deeming the 
processes inapplicable will be done below. 

Vacuum forming 

Due to its limitations in part complexity, inability to form intricate parts or parts with 

uniform wall thickness, it was deemed inapplicable and thereby dismissed from further 

evaluation. It could pose as a competitive option for visual prototypes but would not be a 

favorable option for this particular end use in comparison to injection molding or additive 

manufacturing.  

Reaction Injection Molding 

The disadvantage of RIM for this particular application is that it only processes 

thermosetting polymers. This aspect makes RIM inapplicable as it does not produce 

thermoplastic parts. 

Compression Molding 

Although compression molding can process materials such as advanced composite 

thermoplastic, it is similarly to RIM mainly suited for thermosetting polymers such as 

rubber which, along with limitations in part complexity, makes it inapplicable for the 

desired application. 

Extrusion 

Extrusion has restrictions in part complexity as it only produces parts with uniform cross 

section such as rods, tubes, films and sheets.  This conflicts with the requirements of 

desired application and was thereby dismissed from further evaluation. 

Blow molding 

Similarly to extrusion, blow molding is limited to a certain type of shape (hollow and thin-

walled parts such as bottles or containers). It is also restricted in terms of size (usually large 

parts) and was consequently deemed not suitable for the desired application and therefore 

eliminated.  

Rotational molding 

Rotational molding was deemed inapplicable due to restrictions in material, shape (hollow 

parts) and speed(slow process). 

CNC machining 

Although it can create parts with tight tolerances and geometries that are difficult to mold, 

CNC-machining has some limitations in part complexity. For example, features such as 

undercuts or curved internal channels would either be impossible to create or require tool 
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access that would raise part cost significantly. For this reason CNC-machining is deemed 

inapplicable as additive manufacturing trumps CNC-machining in geometric freedom, cost-

effectiveness and suitability for desired application.   

In summary, processes were deemed inapplicable mainly due to limitations in part 
complexity, shape or material. Processes such as extrusion, rotational molding and blow 
molding were dismissed as they can only produce a certain type of part geometry such as 
long parts with uniform cross-section or hollow and thin-walled parts. Processes such as 
RIM and compression molding were dismissed mainly due to the fact that they only or 
predominantly process thermosetting polymers and not the desired thermoplastics. 
Vacuum forming and CNC-machining offer several traits that favour low volume 
production but have limitations in part complexity.  

However, it is important to emphasize that plastic channels come in varying shapes, size, 
volumes and part complexity. Moreover, Lear Corporation is considering making 
alterations in design and material in the future. This opens up several opportunities and 
alternative ways to approach the study which may allow the processes eliminated in this 
screening as well as processes outside the domain of plastic manufacturing to possibly be 
applicable for the application.  

However, exploring all potential outcomes and reviewing every single channel or bracket 
independently would be too extensive of a study for our time frame. Analyzing product 
design or choice of material, albeit closely related to manufacturing, is a separate field of 
study itself which would require a separate thesis or report in order to be examined 
properly. Consequently, we chose not to cover these areas in this study due to time 
constraints. In the screening, we looked at the channels as a whole, in relation to factors 
such as material, size, shape and complexity. In other words, a general approach was taken 
and the benchmark model was based on injection molding as the precedent, as well as on 
the premise that the ideal manufacturing process should be able to manufacture all types of 
channels regardless of complexity, size or shape.  

5.3 Remaining manufacturing processes 
The aftermath of the screening was to evaluate the remaining manufacturing processes 
further, partly through literature and science based articles. The subjects examined in this 
section were areas that could be potentially interesting or relevant for our application as 
well as future quote requests and analysis. These subjects include mold tooling for injection 
molding, aluminium tooling for injection molding, the HP Multi Fusion Jet technology, 
advantages of 3D printing in the automotive industry, cost mechanisms of additive 
manufacturing and rapid tooling.  ̈  

The approach towards injection molding in this subsection was to answer the questions 

raised in the screening:  

What factors constitute the high upfront costs? 

Can the process potentially be modified in order to decrease upfront costs?   

If so, what would be the following consequences? 

The answers to these questions were made based on the knowledge obtained through 

literature. According to D.Kazmer [31] there were three main parameters that affected part 
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cost in injection molding: tooling cost, material cost and processing cost. The distribution 

of these costs varies depending on the part complexity, size and volume. However, in most 

cases the tooling constitutes a significant part of the total costs and is the single most 

important investment in an injection molding project. Moreover, factors that affect the 

costs of the mold itself is material, cold runner or hot runner systems, number of cavities, 

part complexity, size, volume and choice of thermoplastic.  

Tool material is a factor that has a significant impact on cost. Steel is a strong and durable 

material that has a long lifetime, but is expensive. Note that there are various grades of steel 

which can fit different application. Aluminum would decrease the lifetime of the tool, but 

is cheaper than steel and could be cost-effective for lower volumes. This answers the 

question as to whether injection molding can be modified in order to decrease upfront 

costs, which is for example changing the material of tool. The repercussions of using the 

aluminum tool would be as mentioned a shorter tool lifespan and possible deterioration in 

part consistency. However aluminum would speed up cycle times due to abilities such as 

thermal conductivity and heat dissipation which in return leads to quicker cooling and 

heating times. Aluminum is an easier material to machine in comparison to steel, which 

would further decrease costs. 

The approach towards additive manufacturing in this subsection was to further understand 
the technology and examine the feasibility of additive manufacturing in relation to the 
application, by studying science based articles on the costs mechanisms of additive 
manufacturing and integration in the automotive industry. Moreover another 3D printing 
technology, HP Multi Jet Fusion, was presented as well as the capabilities of Hewlett-
Packards newly released òHP Jet Fusion 5200 Series 3D Printing Solutionsó. The HP MJF 
technology is able to print in much faster speeds than its 3D printing counterparts and also 
enables mid-volume production. Although there are restrictions in material, as the process 
currently only produces PA 11, PA 12 and glass filled PA 12, it will expand its material 
portfolio in the future. The qualities of HP MJF were interesting and potentially applicable 
for the desired application. Its feasibility was therefore further explored in the cost estimate 
section. 

Rapid tooling was also presented as it was deemed relevant for this study due to its ability 
to combine injection molding and additive manufacturing. It is a method used to create 
tools for traditional manufacturing processes using additive manufacturing, for example 3D 
printed injection molds. Through rapid tooling, itõs possible to reduce lead time for tool 
manufacturing and achieve lower cost compared with aluminium or steel tools. However, 
rapid tooling has its disadvantages compared to a traditional tool manufacturing, as it has 
shown to result in lower quality of the end product and is only suitable for prototyping and 
low quantity manufacturing. In this point in time it wouldnõt be able to replace traditional 
molds for volume production, but it is an emerging process under progress which has 
potential to be competitive in the future.  

Ultimately, cost estimates were requested from manufacturers in order to make cost 
comparisons with the current process and consequently identify the most-effective 
alternatives. We approached various manufacturers who specialize in injection molding for 
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low to mid-volume applications and/or additive manufacturing processes (all AM 
technologies but HP Multi Jet Fusion was requested in particular). 

Due to confidentiality reasons, the original parts were not allowed to be shared with 
manufacturers. In order to request for a quote, one of the current models was modified in 
agreement with Lear Corporation and distributed to various manufacturers, along with part 
requirements such as material, surface finish and quantity. This can be regarded as a flaw in 
the study, as the cost estimates provided are only valid and representative for a particular 
part and not all other plastic channels provided by Lear Corporation. However, it was not 
feasible to request a quote for every existing channel or bracket due to difficulty of 
accessing the complete set of channels, and even then it wouldnõt be allowed to distribute 
them without altering the design of each part, and subsequently get approval from the 
company before presenting them to manufacturers. Thus, a modified sample part was sent 
to receive a rough cost estimate. 

Letõs examine each cost estimate respectively, beginning with Danke Mold. 

Danke Mold 
Danke Mold provided quotes for injection molding and tooling as well as a prototyping 
quotation. The costs were compared in table and figure. It should be noted that these 
comparisons are slightly skewed and inaccurate, due to different parts being produced and 
therefore different tools being used. These parts, although similar, vary in size, shape and 
complexity, which is a critical aspect of costs. Therefore comparing costs of different parts 
with different tooling might be inappropriate or vague. However, the reasoning behind 
comparing costs was to give the reader as well as Lear Corporation a context and a 
perception of Danke Molds (and the others manufacturers) costs in relation to Lear 
Corporations current costs.  

As illustrated in figure 3, the initial cost for injection molding with Danke Molds process is 

significantly cheaper than Lear Corporation.  A reason for this drastic difference in price is 

the tooling costs for each process, presented in table 11 and figure 4. Tooling price for part 

D with Lear Corporation is 25 times the price of part A with Danke Mold. There is a 

natural explanation for this, apart from the size/shape/complexity aspects mentioned 

earlier, the Lear Corporations tool is designed for a lifetime production of 7 years with an 

estimated annual volume of 75,556, which result in a total of 528,892 parts. Moreover, the 

tool has a lifespan of 1,000,000+ cycles. Danke Molds MUD tool, in contrast, has a 

lifespan of 50,000 cycles and is designed to produce 75,000 parts.  If Danke Molds MUD 

tool was to deliver parts in a program lifetime of 7 years, it would be a total of 100,000 

details with an annual volume of approximately 14,285 parts.   

Nevertheless, Danke Molds injection molding process is seemingly a more cost-effective 

choice at lower volumes of production. Danke Molds prototyping options would, as per 

recommendations from company representative T. Tan not be suitable for this application 

due to the parts not being functional or possessing the mechanical properties required. 

Moreover, Danke Molds injection molding process is cheaper and more cost-effective as 

illustrated in figure. However, Tan suggest the Danke Molds additive manufacturing 

alternatives could be used as prototypes or testing. 
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In conclusion, provided the cost estimates from Danke Mold are authentic, their injection 

molding process with MUD tooling could pose as a competitive option for low to mid- 

volume production of plastic wire channels or brackets, as per Lear Corporations requests. 

It is a way of modifying the current process in order decrease upfront costs. A 

consequence would be the shorter lifespan of tool, which would compel Lear Corporation 

to change tools more frequently. Regarding the quality of parts, it is not clear whether as to 

the Danke Mold process can provide the same quality as current one, as there has been no 

testing. However, it does produce parts of the same material as the current process (PA6 

and PP) which motivates the assumption that parts have the same, or similar, properties. 

Protolabs 

In contrast to the other manufacturers, there was no direct contact with the company, and 

therefore no feedback provided by company representatives regarding the parts or the 

chosen processes for this Protolabs quote. The quote was acquired through Protolabs self 

service web portal where the user choose desired process and provide the part 

requirements which generates an automated instant quote. However, this was only possible 

for additive manufacturing technologies and not injection molding, which had to be quoted 

manually.  

The additive manufacturing technologies chosen were SLS with PP as part material and HP 

MJF with PA12 as part material. MJF was slightly cheaper than SLS, with a unit cost 31û 

compared to SLS which has a unit cost of 38û. There was no estimated lead time. The cost 

estimates confirmed what Dickens and others sources established; that additive is 

manufacturing is viable and more cost-effective than injection molding at lower volumes. 

In the case of Protolabs costs for additive manufacturing technologies versus Lear 

Corporation injection molding costs the break-even point, as illustrated in figure 5, is 

around 5,000 details where injection molding thereafter becomes the cheaper option. As 

there was no assessment made by company representative regarding the parts in relation to 

the application, it is unconfirmed whether it is actually feasible to manufacture up to 5,000 

details with said processes for this particular part. 

In conclusion, provided the costs from the automated quote are accurate and assuming the 

technologies produce parts with the same quality and mechanical properties as the current 

process, Protolabs SLS or MJF technique could be viable for volumes of 5,000 parts or 

lower. Due to MJF being faster and cheaper than SLS it is the more cost-effective option 

of the two processes. However, further expertise from the company wouldõve been needed 

to discuss the numbers presented in the quote as well as an assessment of the part in 

relation to the AM technologies. 

Forerunner 3D Printing 
Forerunner 3D Printing provided a quote for HP MJF. The company uses the HP MJF 
4200 printer which is a precursor to the newly released HP MJF 5200 Series. Similar to 
other additive manufacturing processes, it confirms what Dickens presented in his study; 
that the cost for AM processes are static and the slope is zero as illustrated in figure. The 
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break-even point for Forerunner 3Dõs MJF costs in relation to Lear Corporation injection 
molding costs, similarly to Protolabs is approx. 5,000 details. The part material is PA12. 
 
Company representative D.Fritz provided further information on their approach to 
customers deciding between AM and IM as well as guidance for the provided part in 
particular. Fritz stated that details bigger than two cubic inches, such as the provided part, 
would be applicable and cost-effective for volumes up to 2000 parts. However, if the part 
is around one cubic inch itõs feasible to produce parts up to 5,000 parts. In other words, 
size of part is essential and can improve profitability. Furthermore, Fritz suggested a 
solution called bridge production that Forerunner 3D provides, which could be a favorable 
solution for Lear Corporation depending on situation. With bridge production, a company 
can use the idle time, waiting for their injection mold to be manufactured, to fill orders of 
3D printed parts which allows production to begin earlier, and once the mold is ready the 
company can switch over to injection molding.  
 
In conclusion, HP MJF would be a competitive option at low volumes. For plastic 
channels or brackets around one cubic inch, orders up to 5,000 parts could be a cost-
effective alternative for Lear Corporation. However, with channels bigger than two cubic 
inches such as the sample part no more than 2,000 parts are feasible. Bridge production is a 
solution that would allow Lear Corporation to combine injection molding and HP MJF, 
increasing flexibility and reducing lead time while doing so. As is the case with all other 
manufacturers, it is uncertain whether the parts will be of the same quality as the current 
one, however according to HP their PA 12 parts are strong, functional with good 
mechanical properties such as mechanical and chemical resistance. 

Prototal 
Prototal evaluated the part and made the assessment that injection molding would be the 
most suitable process. Although their additive manufacturing processes could manufacture 
the part in theory, it wouldnõt be practical for volume production due to part size. 
Prototal uses aluminum tooling for injection molding which decreases upfront costs 
significantly. Part material is PA6. The tool life is 20,000 cycles and has two cavities, 
meaning its maximum capacity would be 40,000 parts, which confirms the theory presented 
about aluminum tooling regarding the shorter lifespan in comparison to steel tooling. 
However, cycle times and machinability for material would improve. If the program 
lifetime was 7 years, like the current Lear Corporation tool, the annual volume of parts 
would be 5714. If Lear Corporation desires higher volumes, the tool would need to be 
changed.  
 
In conclusion, changing to aluminum tooling would be a feasible option for Lear 
Corporation at low volume production. The aluminum tool would decrease upfront costs 
and speed up cycle time. The consequence is a less durable tool which would need to be 
changed more frequently. Aluminum is said to have less part consistency than steel, 
however it is unclear as to whether thatõs the case for Prototalõs tool since it has not been 
tested. 
 

Xometry 
Xometry uses, amongst other HP MJF printers, the HP Jet Fusion 5210. The part material 
is PA12 and the break-even point between Xometry costs for HP MJF and Lear 
Corporations costs for injection molding are, again, approx around 5,000 parts. Although 
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company representative Guedes state the prices estimate are approximate, the unit costs are 
the lowest of all the additive manufacturing quotes presented in this study(22 û/part). This 
is a further contribution to the notion that MJF is a cost-effective AM technology.   
 
In conclusion, Xometry provides the cheapest AM and HP MJF alternative and could be 
viable for volumes up to 5,000 parts. However as company representative state, these costs 
are only approximate and could change depending on the type of part. 

RYD Tooling 
RYD Tooling assessed the part and provided a quote for injection molding. The tool is of 
steel grade 738 and has a lifetime of 300,000 cycles with two cavities. This means the tool 
could produce a maximum of 600,000 parts. If the tool had a program lifetime of 7 years, 
such as Lear Corporation, the annual volume would be 85,714 parts. The part material is 
PP. RYD Tooling would substantially lower the upfront costs in comparison to Lear 
Corporation as well as reducing lead time. RYD Tooling could be viewed as the middle-
ground between Lear Corporations current process and the earlier presented MUD and 
aluminum tooling from Danke Mold and Prototal, as it decreases the high costs of Lear 
Corporations tool while offering a more durable and strong tool than Danke Mold or 
Prototal. 
 
In conclusion, for mid-volume production of plastic channels or brackets where Learõs 
current tool would be too costly and the lifespan of the MUD or aluminum tool would be 
insufficient, RYD Toolings offer could prove to be an appropriate option and a good trade 
off due to decreased costs and lead time while simultaneously offering a solid tool.  

Summary 
Several manufacturers were approached and a total of five manufacturers responded and 
provided quotations for the sample part, while one quote was automated. Of course a 
wider range of data in terms of more quotes wouldõve been favourable and yielded a more 
nuanced discussion and proposals. However, companies decision to engage in this matter 
or not are out of our control and therefore we can only examine the presented results.  
 
Nonetheless, the quotes did give desired results that assisted in providing answers for the 
questions raised in the thesis problem, as it confirmed many of the theoretical concepts 
presented as well as our own presumptions. The diversity in the results also allows for 
different solutions, depending on Learõs prerequisites.  Moreover, we are aware that 
injection molding and additive manufacturing are like any other service or product in the 
sense that price can heavily fluctuate from one manufacturer to the other due to a plethora 
of reasons affecting price, and therefore choosing one single manufacturer that represents a 
process as a whole from a cost perspective is obviously biased and invalid. However, the 
cost for a certain process should rather be viewed as a specimen that provides a rough 
estimate. 
 
The cost estimates as a whole confirmed what Hopkinson and Dickens [37] established in 
their study, traditional injection molding has high upfront costs that exponentially decay 
with higher and increased volumes (such as Learõs injection molding costs) and additive 
manufacturing has a static cost with zero slope, meaning cost remains the same irrespective 
of volume. The break-even point between injection molding and additive manufacturing 
varies between different manufacturers and technologies, but a recurring theme was 
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additive manufacturing shown to be a cost-effective option at volumes up to approx 5000 
parts.  

However, application suitability in terms of quality and mechanical properties differ 
between AM technologies, whereas Danke Molds SLA process was only suitable for 
prototyping, testing and checking features while HP MJF are able to produce functional 
parts for end-use applications. The size and shape of part is also an important aspect as our 
sample part was deemed too long and big in order to be feasible for volume production 
according to some AM manufacturers, due to the amount of parts being able to fit into a 
build.  

As for additive manufacturing technologies, HP MJF definitely poses as the most 
interesting and suitable option for the desired application, and although it could already be 
implemented by Lear today for low volume production or bridge production, its abilities is 
said to improve through advancements in efficiency, printing speed and material portfolio, 
which will allow it to be even more applicable and relevant for Lear in the future. 

Furthermore, the high upfront costs of Learõs injection molding process could be 
significantly decreased through changing tooling, for example to MUD tooling provided by 
Danke Mold, aluminium tooling provided by Prototal or RYD Toolingõs steel mold 738. 
These alternative steel mold have a shorter life span and is less wear resistant than the 
current one, but considering Lear is expecting lower volumes of production which yielded 
them to pursue a cheaper option than the current one, this shouldnõt be a concern. All 
three processes are compatible with the thermoplastics used in the current process (PA66, 
PA6 or PP). 

Danke Mold was shown to be the cheapest option, thereafter RYD Tooling and then 

Prototal being the most expensive of the three in terms of tooling costs. RYD Toolingõs 

738 steel tool has the longest life span (300,000 cycles), Danke Moldõs MUD tool has the 

second longest (50,000 cycles) and Prototals aluminum tool has the shortest life span 

(20,000 cycles). Each tool had a tool cavity number of two, meaning the maximum capacity 

of each tool is 600,000(RYD Tooling), 100,000 (Danke Mold) and 40,000(Prototal) parts 

before a tool change is necessary. The most suitable option depends on the quantities 

required; therefore several proposals will be presented. 

Lastly, one of the questions raised in the problem section was: can the new manufacturing 

process produce parts with the same, or similar, properties as the current one and thereby 

meet the technical standards of the automobile industry? 

This give rise to concerns as it is unproven whether the parts produced by any of the 

aforementioned companies and their processes can produce the same quality of parts as the 

current one. Obviously the companies themselves claim that the parts are fully functional 

and of great quality, but those statements canõt be viewed as a reliable and unbiased. 

However, the material of parts produced by the processes (PA6, PA12 and PP) are same or 

similar to the current ones, which leads to the assumption that they eventually could have 

same or similar mechanical properties and quality. However, due to the fact that none of 

the parts have been tested as per automakers standards, the question raised in the problem 

section unfortunately remains unanswered. This might be a matter that Lear themselves 
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would have to control or investigate assuming theyõre interested and choose to collaborate 

with any of the companies included in the cost estimates. 

Figure 24 presents a summary chart comparing all provided cost estimates along with 

Learõs costs.  

 

Figure 24 Summary of all cost estimates and Lear's costs 

5.4 Proposals  
The purpose of the thesis was to identify, evaluate and present various cost-effective plastic 
manufacturing processes that could eventually replace the current process, and the 
questions raised in the problem section was as follows: 

Is there a suitable and cost-effective manufacturing process that can replace the current 

one? 

Can the new manufacturing process produce parts with the same, or similar, properties as 

the current one and thereby meet the technical standards of the automobile industry? 

Is it possible to make the current process more cost-effective? 

This subsection strives to answer these questions in the form of presenting various 
solutions, and thus fulfilling the purpose of the thesis. As mentioned earlier, due to the 
varying quantities of plastic channels or brackets, itõs not possible to present one superior 
option, but rather suggesting several proposals depending on required quantity. 

5.4.1 Alternative tooling 

The primary proposal presented to Lear is to choose an injection molding process with 
cheaper tooling. This allows Lear to keep utilizing the benefits of injection molding at 
lower volumes of production while simultaneously saving costs on tooling, and thus 
decreasing the upfront costs. 
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In this study three companies providing injection molding services were presented, each 
with different type of tooling: Danke Mold, Prototal or RYD Tooling. The cost estimates 
of each company showed a significant decrease in tooling costs. Due to differences in 
tooling material and lifespan of tooling of these three processes, proposals for each one 
respectively will be presented below in relation to Learõs current costs. 

5.4.1.1 Danke Mold 
Danke Molds injection molding offer is a viable and cost-effective option for low volume 
applications. As illustrated in figure 24, Danke Mold injection molding with MUD tooling 
displayed the cheapest upfront costs of all cost estimates provided in this study. In relation 
to Learõs costs, as displayed in figure 16, Danke Molds process would decrease tool costs 
by 105,173û for part B, 89,273û for part C and 125,123û for part D. Danke Mold provided 
cost estimates for two injection molding options, one with PA6 as part material and one 
with PP as part material, with the latter one giving a cheaper unit cost. The tool could 
produce up to 100,000 details of the sample part provided. The proposal is as follows: 
 
Choose Danke Molds injection molding offer for parts with material PA6 or PP and 
quantities of 100,000 parts or lower. 

5.4.1.2 Prototal  
As illustrated in figure 24, Prototal injection molding with aluminum tooling was shown to 
be the most expensive out of three injection molding processes presented in the cost 
estimates. Although Danke Mold and RYD Tooling are more cost-effective for the 
particular part provided, Prototalõs offer is still a viable option in relation to Learõs current 
costs as it decreases tooling costs by 95,700û for part B, 79,800û for part C and 115,650û 
for part D, as illustrated in figure 20. Moreover, the aluminum mold would offer further 
benefits such as faster cycle times and easier machining.  
 

In conclusion, the Prototal injection molding is a suitable and cost-effective option for low 

volume production. It could produce up to 40,000 details of the sample part provided. If 

Lear desires more parts, a new tool would have to be procured. The proposal is as follows:  

Choose Prototals injection molding offer for parts with material PA6 and quantities of 

40,000 parts or lower.  

5.4.1.3 RYD Tooling 
The RYD Tooling mold is the most durable of the three injection molding offers with a 
lifespan of 300,000 cycles. It is the second most expensive out of three injection molding 
offers in terms of mold price. RYD Tooling becomes the most cost-effective option at 
40,000 parts and above in relation to the other offers, as illustrated in figure 24.  
In relation to Learõs costs RYD Toolingõs offer would decrease tool cost by 100,661û for 
part B, 84,761 for part C and 120,611û for part D, as illustrated in figure 23. It could 
produce roughly 600,000 parts until the tool would need to be replaced. Itõs a competitive 
option for low to medium application. The proposal is as follows: 
 
Choose RYD Tooling for parts with material PP and quantities of 600,000 or lower. 
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5.4.2 Bridge production with 3D Printing 

As figure 24 illustrates, nearly none of the AM technologies were more cost-effective than 

the injection molding offers at quantities over 1,000 parts for provided sample part. The 

only exception was Danke Mold SLA ABS-like, which was less expensive than Prototal IM 

offer for volumes slightly above 1000 parts. These particular 3D printed parts would not be 

functional and only applicable for prototyping.  

However, in relation to Learõs current costs, several additive manufacturing offers were 

cost-effective up to 5,000 parts. An essential part of 3D printing is part size, the smaller the 

parts the more parts can be fit into a build of production, and thus a higher volume can be 

fabricated. Due to the sample part being bigger than two cubic inches, it was recommended 

for production up to 2,000 parts. The additive manufacturing technologies presented were 

SLS, SLA and MJF. HP MJF was deemed to the most suitable technology for the 

application due to its capabilities and cost. 

Although HP MJF is a competitive alternative for volumes ranging from 1-5000, injection 

molding would be a more suitable option if higher quantities were required. However, HP 

MJF could still be involved in the process through complementing the injection molding in 

bridge production. While waiting for their injection molding tool to be manufactured, Lear 

can use the idle time to fill orders of 3D printed parts or manufacture parts in-house by 

purchasing a printer, in order to begin production earlier and reduce lead time. Once the 

mold has arrived, switch over and proceed production with injection molding. The 

proposals are as follows: 

Choose HP MJF with part material PA12 and quantities of 5,000 or lower. 

Choose HP MJF for bridge production with injection molding. 

5.4.3 Problem review 

Once again, the questions raised in the problem section, as well as in the beginning of this 

subsection were as follows:  

1. Is there a suitable and cost-effective manufacturing process that can replace the 

current one? 

2. Can the new manufacturing process produce parts with the same, or similar, 

properties as the current one and thereby meet the technical standards of the 

automobile industry? 

3. Is it possible to make the current process more cost-effective? 

Letõs review them respectively, beginning with question 1. 

Is there a suitable and cost-effective manufacturing process that can replace the 
current one? 
There were several suitable and cost-effective solutions that could potentially replace the 
current one for different prerequisites and provided the new volumes Lear expect 
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materialize. They are deemed suitable and cost-effective as they are designed for lower 
volumes of production, decrease the upfront costs and fulfill the requirements of the 
application. 

Can the new manufacturing process produce parts with the same, or similar, 
properties as the current one and thereby meet the technical standards of the 
automobile industry? 
Due to the fact that none of the parts have been tested as per automakers standards, this 
question unfortunately remains unanswered as there are no ways to test and ensure the 
quality of the parts fabricated by the manufacturers who provided offers. The companies 
claim the parts are fully functional and of great quality, but those statements canõt be 
judged as reliable or unbiased. However, the material of parts produced by the processes 
(PA6, PA12 and PP) are the same or similar to the current ones, which leads to the 
assumption that they eventually could have same or similar mechanical properties and 
quality. 
 

Is it possible to make the current process more cost-effective? 
There are possibilities of modifying the current process through changing the mold, for 
instance to a MUD, aluminum or steel grade 738, and thus decreasing upfront costs 
significantly and making the injection molding process suitable for low volume production. 
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6 Conclusion 

Lear Corporation is a global automotive supplier that provides, amongst other services, E-

systems to various auto manufacturers. An essential element of the E-systems is the wire 

harness. While assembling and structuring a complex network such as the wire harness, 

components such channels and brackets are essential in order to fasten and protect the 

wires. These components are currently made out of thermoplastic material. The current 

manufacturing process used by the company to produce these plastic parts is injection 

molding. Injection molding is one of the primary means of manufacturing plastic parts. It is 

used for a wide range of applications and offers several benefits such as high precision, 

efficiency, speed, ability to produce highly complex parts and flexible selection of material. 

Due to expensive tooling and equipment, injection molding implicates high upfront costs 

and is therefore used for mass production, where price per unit decreases and the initial 

investment can be justified.  

However, the current trend in the automotive industry is hybrid and electric cars which are 

manufactured at lower volumes. This in return decreases the production of plastic channels 

or brackets. Consequently the current injection molding process becomes less cost-

effective. This prompted Lear Corporation to pursue other alternatives for the lower 

volume of production which could replace the current process, and thus this thesis was 

carried out.  

The purpose of the thesis was to identify, analyze and suggest alternative manufacturing 

processes that could potentially replace the current one. Furthermore, the substitute 

process should be able to deliver parts of the same or similar quality and properties as the 

current one. Another aspect which would be examined was whether the current process 

could be altered in order to decrease costs and be feasible at lower volumes of production. 

Several limitations were set, mostly due to time constraints as the thesis was done over a 

10-week period. Therefore, the approach for this thesis was to base the choice of 

manufacturing process on existing parts, and not exploring the possibility of altering part 

design or material.  Furthermore, the analyzed components include wiring plastic channels 

and exclude other parts used in the wire harness such as straps, clips and metal bushings. 

The objective of the plastic channel or bracket is to protect the wire harness from 

mechanical, thermal and chemical influence. The task of the wire channel or bracket is to 

define and fix the location of the wire harness in the vehicle. The wire channel or bracket 

should also prevent any noise and rattle coming from the wire harness. Plastic channels or 

brackets can vary in size, shape, complexity and volume depending on its use and location 

in the car.  They are currently made out thermoplastics such as PA66, PA6 or PP. 

The information and data presented in the thesis were based on literature sources, scientific 

articles, websites and direct communication with various manufacturing companies as well 

as our company advisors. The sources were retrieved through various search engines, 
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databases and portals including the University West library, DiVA, Chalmers Open Digital 

Repository, LIBRIS, Google Scholar, Google and Amazon.  

The study presented nine potential manufacturing processes including: injection molding, 

vacuum forming, reaction injection molding, compression molding, blow molding, 

rotational molding, CNC-machining and additive manufacturing. This was done to 

introduce the most common plastic manufacturing process and acquire an understanding 

of their respective characteristics, applications, advantages and disadvantages. The 

knowledge was obtained predominantly through literature, but also via web based sources. 

The knowledge provided from the sources was interpreted in relation to the desired 

application, and thereupon a screening was performed. The purpose of the screening was 

to screen out processes deemed inadequate for the application. Table 10 present the 

screening, where injection molding was set as the precedent and additive manufacturing 

was shown to have positive qualities in relation to the reference and thus the application. 

Therefore, additive manufacturing was evaluated further along with injection molding, due 

to the question raised in the problem section regarding the possibility of adapting the 

current process to the new circumstances. The other manufacturing processes were 

deemed inapplicable due to various reasons, such as constraints in part complexity, shape 

and material.  

Further areas were presented regarding injection molding and additive manufacturing that 

could eventually be relevant to the application such as injection molds, aluminium tooling 

for injection molding, the HP Multi Jet Fusion technology, economics behind 3D printing, 

the benefits of 3D printing in the automotive industry and rapid tooling.  

Ultimately, quotations were requested to various manufacturers who provide services 

related to injection molding or additive manufacturing in order to get a cost estimate, and 

thus further analyzing the feasibility of the remaining processes. A reproduced sample part 

of Learõs plastic channel was distributed along with desired part requirements.  A total of 

six quotations were provided, containing cost estimates for both injection molding and 

additive manufacturing.  

These cost estimates were then each respectively presented along with Lear Corporations 

current costs, in order to make cost comparisons and give context to the numbers 

provided. The results of the cost estimates showed that there are multiple options for Lear 

to decrease the costs. The most viable option would be to change the injection mold to a 

cheaper one and thus substantially decreasing the upfront costs. The options presented in 

this study was MUD tool from Danke Mold, aluminium tool from Prototal and tool with 

steel grade 738 from RYD Tooling, with the MUD tool being the least inexpensive. The 

ramifications of changing tool would be a deterioration in tool strength and durability, as 

these tools have life spans of 20,000 (Prototal aluminium tool), 50,000 (Danke Mold MUD 

tool) and 300,000 (RYD Tooling) cycles respectively, in contrast to the current tool that 

has lifetime of 1,000,000 cycles.  
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As for additive manufacturing, HP MJF was deemed as the most interesting and applicable 

option due to its capabilities such as speed, cost, geometric freedom and fabrication of 

functional, end-use parts. It could be a cost-effective choice for volumes up to 5,000 parts, 

which was the approximate break-even point in the most cases for Learõs injection molding 

and the additive manufacturing presented. However the volume is depending on part size 

and shape, and it the case of the sample part delivered, it was seen as too big for 

production up to 5,000 parts and could be viable for 2,000 parts at most.  

Furthermore, although HP MJF will not be able to fully replace or compete with injection 

molding at higher volumes than 5000 parts at this point in time, there is a way to combine 

the two processes and utilize the short lead times of HP MJF in so called bridge 

production. Manufacturing of tooling for injection molding can be a lengthy and slow 

process which causes idle time for customer. However through bridge production, 

customers can begin production earlier by filling orders of 3D printed parts, enabling 

flexibility and shorter lead times. Once the tool has arrived the customer can switch over 

and continue production through injection molding.   

Due to the variety in volume of the plastic brackets or channels it wasnõt feasible to 

formulate one exclusive proposal or suggestion. Therefore, several proposals were 

presented based on different prerequisite. The most cost-effective choice and thus the 

primary suggestion was to change the tooling used for injection molding, which would 

allow Lear to continue utilizing the benefits of injection molding while decreasing upfront 

costs substantially. Furthermore, complementing injection molding with additive 

manufacturing (HP MJF in particular) was presented as the second proposal.  

The proposals answered the questions raised in the problem regarding if there was a 

suitable and cost-effective process that could replace the current one as well as if it was 

possible to make the current process more cost-effective. However, the question regarding 

if the new manufacturing process can produce parts with the same, or similar, properties as 

the current one and thereby meet the technical standards of the automobile industry 

remains unanswered. The answer couldnõt be obtainable in this study as there was no 

testing done as per automakers standards to ensure that the parts have the satisfactory and 

suitable quality. However, the parts produced by the suggested processes are of the same or 

similar material as the current ones PA6, PP and PA12) which could indicate that the 

material properties would be same or similar. This might be a matter that Lear themselves 

would have to control or investigate assuming theyõre interested and choose to collaborate 

with any of the companies included in the cost estimates, or perhaps it might be further 

examined in another thesis or project.  
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Appendix i 

A: Danke Mold Molding Quotation 
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Appendix ii 

B: Danke Mold Tooling Quotation  

 
 

 

 

 

 

 

 

 

 

 

 

 


