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One of the main forms of communication in engineering is the technical report. In the workplace, the
reportis a practical working document written by engineers for clients, managers, and other
engineers.

During the sessions and through the material provided as part of the module delivery via Moodle we
have considered a number of Industry 4.0 technologies. For this assignment you are asked to
critically analyse one Industry 4.0 technology, making specific reference as to its applicability to your
organisation.

Your report should identify the challenges that introduction of such technology could bring, the
potential introduction plan that would be required, and the potential costs and economic benefits that
such technology could deliver.
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Title Page; title of the report, the author name and student ID, module name and code and the date of
submission.

Summary; The Summary is usually written last of all. It provides a brief overview of the substance of the
report.

Table of Contents

Introduction; The Introduction tells the reader what the report is about. It sets the project in its wider context
and provides the background information the reader needs to understand the report.

Body of the Report; The Introduction and Conclusions act as a frame for the body of the report, which is
where you present your own work. The information should be organised so that the reader can follow the
development of your project. You will therefore need to put some thought into ordering the sections and
choosing concise but informative headings and subheadings.




[image: image4.png]Conclusions and Recommendations; These may be combined. If there are no recommendations to be made
as a result of the project, just call this section Conclusions.

References and Appendices; Allinformation, methods, data, diagrams and maps, whether obtained or based
on the work of others, must be acknowledged using the Harvard referencing system. Appendices contain
material that is too detailed to include in the main report, such as long mathematical derivations or
calculations, detailed technical drawings, or tables of raw data.




TITLE: A critical analysis of Additive Manufacturing technology applicability to Ford Motor Company and identification of challenges to introduction, the potential introduction plan that would be required, and the potential costs and economic benefits that such technology could deliver.  
Introduction

Additive manufacturing (AM) is one of the latest technology for producing parts by printing a layer at a time directly from a 3D CAD Model until a complete 3D Part is produced. In essence, it is a generative method. This is in contrast to the traditional subtractive manufacturing methods that employ machining techniques to remove material from a basic part until the desired shape is obtained. 

AM, most commonly known as 3D Printing, is applicable to several materials such as polymers, ceramics, and metals. AM can be classified as direct or indirect, depending on the bonding method and the raw materials could be in different form such as liquid, molten, powder, or solid.

There are several methods of 3D printing available including Stereo-lithography (SLA), Fused deposition Modelling (FDM), Selective Laser Sintering (SLS), Digital Light Processing (DLP), Selective Laser Melting (SLM), Electronic Beam Melting (EBM), Laminated Object Manufacturing (LOM), Binder Jetting (BJ), and many more.

Research shows that the reasons there are so many different types of printers and printing processes is due to variations in:

1. Cost of the printer

2. Print quality

3. Speed of printing

4. Printer capabilities

D. Thomas (2014) notes, as far as the economics of 3D printing is concerned, there are three primary aspects to consider, namely: 

1. measuring the value of goods produced, 

2. measuring the costs and benefits of using the technology, 

3. estimating the adoption and diffusion of the technology

Potential introduction plan for AM at Ford Motor Company
Ford Motor Company has a long-standing Additive Manufacturing history spanning almost 30 years. The company has Global Rapid Manufacturing Centres in North America (Dearborn, Irvine, Mexico) and Europe (England, Belgium, Spain, Germany, Romania, Turkey). By 2018, Ford Motor Company was making approximately 100K – 150K parts per year, primarily prototypes. The company is currently researching on moving AM from prototyping towards manufacturing so that the parts produced through AM have a broad range of applications. 
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Figure 1: AM Introduction Plan at Ford Motor Company
Application of AM at Ford Bridgend Engine Plant

This article narrows its focus to FDM Printing technology, purely because Ford Bridgend Engine Plant (BEP) at its Innovation Hub uses the technology. 

FDM is a 3D printing process, developed in the 1980s, that uses thermal plastic materials for object development. FDM printers are well known for applications like development of functional prototypes, concept models, and low stress fixtures that are useful in manufacturing facilities. Apparently, FDM technology known for creating accurate details and boasts an exceptional strength to weight ratio.

The working principle of FDM printers is a thermoplastic filament that is heated and then extruded through a nozzle onto a base. The FDM printing process begins with the user who has to slice a 3D CAD model into multiple layers using special software. 
The FDM printer then builds the object layer at a time on the build platform by following the sliced data. The filaments used for FDM process come in spools of different colours and grades. FDM objects are favoured for their functional robustness and durability. 

Ngo, et al., (2018) and Fischer, (2011) describe a few common materials that are used in FDM printing as PLA (Polylactic Acid) ; ABS (Acrylonitrile butadiene styrene);  PC (Polycarbonate); Polyurethane; and ‘igus’ polymers.

 
Challenges to Introduction of AM
It has been an incredible challenge to set up an AM facility in BEP. The challenges were ranging from lack of technical skills sets; acceptance challenges by the plant; design challenges; capability challenges; and financial challenges.

The AM technology was very new to the plant and the team initially did not have the required skills to use the 3D printer software and set optimum conditions for each material. They did not have any experience on selecting best material for each application; neither did they have the skills to optimise the designs for robustness. To overcome such limitations, they utilised information on how to set up the printer, what materials to use and what settings to use from websites and from printer and material manufacturers sites such as Markforged, (2018);  NinjaTek, (2018); Raise 3D, (2017); and igus, (2019). 

The AM technology was perceived to be a threat by some at BEP. For example, the Tooling department, which had traditionally made most fixtures to support production, saw 3D print as a threat to their workload and jobs. As a result, there was an inevitable protest against the launch of 3D printing. 
On the other side, several production department where quite hesitant to try 3D printed parts in place of machined parts. However, the Innovation Hub managed to disperse all the suspicion by explaining that the purpose of in-house AM was primarily to reduce costs against subcontracting external part vendors for bespoke parts; reduce reaction time to production department needs, and to streamline internal processes. They also demonstrated robustness of 3D printed parts by actively sharing particular success stories with the rest of the plant. 

Potential Costs of AM
The additive manufacturing system and the material costs constitute a significant portion of an additive manufactured product; however, these costs are declining over time, (D. Thomas 2014). As the costs of additive manufacturing systems decrease, this technology may become widely adopted and change the supplier, manufacturer, and consumer interactions.

Costs of AM can be compared against those of conventional manufacturing based on product complexity.  That relation is see on figure 6 shown below which simply illustrates that AM becomes a cheaper option as the product becomes more complex.
[image: image6.png]Cost per part

Not possible with
Conventional Manufacturing





Figure 6: Product Complexity against costs: Conventional vs Additive Manufacturing

Source: https://www2.deloitte.com/content/dam/Deloitte/de/Documents/operations/Deloitte_Challenges_of Additive_Manufacturing.pdf
Bradshaw highlights that, currently, the price of materials for AM can often exceed those of traditional manufacturing.

Baumers (2012) notes that material costs for AM are significant but also notes that where two technologies are adopted alongside each other, eg CAD – CAM, the benefits are greater than if they were adopted individually. 

According to Stoneman (2002), increasing adoption of AM may lead to a reduction in raw material cost through economies of scale. Stoneman (2002), also emphasise that there may also be economies of scale in raw material costs if particular materials become more common rather than a plethora of different materials.

Potential Benefits of AM
Use of AM has several benefits. First and foremost, it is easy to make revisions and have versions of the original design, giving creative freedom. There is no need for tooling revision in AM, so the lead-time and cost associated with making a new tool eliminated. An example below is one success story of creative freedom through 3D printing at Ford Bridgend Engine Plant: 

BUSINESS CASE: 
There was quality driven process change that required us of a mask for engine top end components assembly. The mask that was developed required a docking station. So a dosking station was designed, 3D modelled, and 3D printed for station fit and function. The process to 3D print the docking station using the Innovation Hub facilities had a turnaoround of 3 days and cost £5.60 as opposed to £90 that was quoted by a vendor for a machined high density nylon alternative.    
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Figure 2: Docking station for an assembly mask: Developed and 3D printed in 3 days at cost of £5.60
As opposed to the traditional subtractive methods, AM does not produce any significant waste; it can reduce material costs and waste by as much as 90%. Another significant advantage is that AM saves energy, resulting in significant cost savings. An example below is one such success story: 

BUSINESS CASE: 

Adaptors that are attached to an engine during engine cold test where found to be leaking, resulting in false fails. Adaptor seals were developed and tried successfully. The new seals were then rolled out to all adaptors. 
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 Figure 3: Cold Test Seals (Orange colour) inserted into an adaptor
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Figure 4: A set of Cold Test Adaptors all with the AM seals fitted

	 
	EXTERNAL PURCHASED SEALS
	3D PRINTED SEALS

	Cost per each Seal
	£46.00
	£0.10

	Quantity Required
	800
	800

	Material Cost
	£36,800.00
	£80.00

	Labour Costs
	£0.00
	£18.46

	Other O/H Estimate
	£0.00
	£20.00

	Total Cost
	£36,800.00
	£118.46

	 
	 
	 

	TOTAL SAVINGS 
	£36,681.54


Table 1: Savings realised by 3D printing seals for Cold Test Adaptors as opposed to cost of purchasing the seals from vendors 

Another significant benefit of AM is that product lead-time is only a fraction of conventional method, see typical comparison below:  
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Figure 5: Comparison of product delivery lead-time: Conventional Method vs 3D Printing 
Conclusion
AM is still in a relative infancy stage but it is poised to bring a revolution in the way products are designed and manufactured. AM has gained massive interest in industry and in research, mainly due to its capability to complex geometries. However, the AM technology is still yet to achieve economies of scale.
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