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In considering subject matter for this research project, this writer thought immediately of a subject matter where an entire struggle in manufacturing engineering revolved around:  Design for Manufacturing, (DFM).  To many, this is nothing more than an acronym, at best associated with proper manufacturing methodology.  To those in industry, it’s a movement that’s been going on for generations.  In the best and simplest of terms, DFM can best be described as
“the process of proactively designing products to (1) optimize all the manufacturing functions: fabrication, assembly, test, procurement, shipping, delivery, service, and repair, and (2) assure the best cost, quality, reliability, regulatory compliance, safety, time-to-market, and customer satisfaction”, (design4manufacturability).
This captures the entirety of DFM in associating it correctly with a two pronged approach.  While it is first and foremost a “proactive” approach to design for sake of manufacturing, it’s also, in parallel, a “best practice” approach that is effectively going to conserve costs in the process.  What this paper will explore is the origin of this concept, what has evolved since, and why it is paramount that teachers strive to impart this knowledge to their students, at the very beginning of their design experience in high school.  It is to this end that the coverage will wrap up with a perspective that will subsequently intertwine the curriculum of the student already enrolled in design classes, with that of the manufacturing based curriculum as well.
Evolution
In truly understanding the once upon a time fate of the manufacturer, one must understand that there was a time where design teams worked independently of manufacturers.  On account of this, back in the “bad old days”, the designers did indeed, figuratively speaking, “throw their designs over the wall”, with the understanding that if our team could design it, then your team can make it.  (design4manufacturability).  This would consistently lead to manufacturing teams having to deal with a design that by this time was “frozen”, or not negotiable for redesign.  Consequently, the manufacturing teams, working with no other alternative, would produce the product at an increased cost and thus extend the timeline toward completion.  This would consistently lead to cost overruns that would eventually present themselves, once product had been released to market. By the time the manufacturing costs to selling price ratio would be analyzed by the accounting department, profits would be well below expectations, if present at all.  The reality is that for a long time what was going unnoticed is that the bulk of your product cycle costs would be post-design, as evidenced in the graph below.
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Fig 1 Design4manufacturing
As displayed in the graph, roughly 80% of the cost to build are fixed once the design is released, which brings with it the crucial decision in determining those costs by how much foresight was going to be present in the design for sake of manufacturability.  Another item worth noting is how the concept or design intent is already captured within 60% of the overall costs.  Simply put, once decision makers became consistently aware of this paradox, they were forced, in due time, to come to the conclusion that both design intent AND manufacturability would have to be captured early on, before the inescapable costs would force manufacturing to produce a product that would leave a company upside down with respect to their cost to selling price ratio.  Even with this evidence at hand, it took years for design teams to become one with that of manufacturing on new product design teams.  For one, designers had traditionally been a segregated department from manufacturing, speaking from both a physical and ideological point of view.  It wasn’t until about 1980 when the “walls” were taken down and manufacturing was finally introduced to the process of design, as shown graphically below, and much to the chagrin of many of those in design, who had for many years been working their way through their timeline unfettered by anything concerning manufacturing.
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Fig 2 DFM-History-and-Evolution-pre-and-post-1980-eras

The intent was finally tracking with that of a DFM objective that would not only capture manufacturability, but also costs, quality, yield, and in effect, the ability to capture the design intent in concert with targeted manufacturing costs up front.  In other words, for the first time the mindset was finally in place where the industrial engineers and technicians had a place at the table in discussing what could be incorporated into the design from the outset, in the interest of making it both within budget and the desired timeline.  In understanding what exactly the industrial engineers & technicians would contribute, it’s best to reference what members of the community would consider a strong, 11 principals and guidelines for DFM approach, (engineeringexchange); toward analyzing a design for manufacture.  In effect, and what immediately began to show itself, was how much of what had already been produced on the manufacturing floor could be contributed to a new product design.  In short, existing inventory and processes were now taken into consideration at the outset of a new product design, (engineeringexchange).  What is also discovered within this list is the inherent ability of the manufacturer to determine process capability.  In simple terms, the processes necessary to produce all facets of the design must not only be within our capability, but also within our capability to produce over the course of time.  This study went so far as to capture ergonomics, assembly, and packaging costs, which, had never been captured within the design cycle before.  Once this DFM movement started, it became a commonly used buzzword that would lead to an even more intricate study of manufacturing that included lean practices and Kaizen, in performing the Japanese concept of wiping out inefficiencies on the manufacturing floor, (Kanbachi).  Another important aspect to DFM that also arose during this time of new product design teams is one of material study.  Around the same time newly formed design teams were now looking at investigating processes as being controlled or verified on the manufacturing floor, materials were also being looked at for DFM.  As evidenced in the article by Brian Ling entitled “The importance of mastering material use and manufacturing processes”, (Ling, Brian); materials all have mechanical and chemical properties that are to be considered for their manufacturability, as well as design intent.  In addition, there are costs that vary dramatically when considering one potential material with another.  If there is room to negotiate materials in heading into a design project, it’s important to do so at the earliest opportunity, as it will dictate not only manufacturing costs, but the ability to design as well.  There are materials that require tooling costs that may force a company to consider a capital purchase for more manufacturing equipment.  This is fine, as is the idea of possibly “outsourcing”, ( What is Outsourcing), a process that falls outside of one’s capability within their facility, as long as the end justifies the means; in mitigating the costs long term.
Current Trends 
Over time, as management realized the improved revenue streams with improved communication between design teams and their manufacturers, there came a point in the road where now it was time for the manufacturers to place controls within their processes.  In part, this came about with the Kaizen movement, which has really caught on in the last 10-15 years.  Kaizen comes from the Japanese approach to manufacturing where sustainability is critical.  In truth, the word in fact breaks down in such a way as to suggest this, where “kai” = change “zen” = good, (Kanbachi).  The common misperception with this philosophy is that it’s strictly enforced in manufacturing circles when in fact, it speaks to the reduction of waste from the top of the organization on down.  While first realized on the part of manufacturers, whose sole responsibility was their own cost of doing business, they began to pass along their costs to their vendors, (What is Outsourcing).  As a result, many demands began to be placed on the vendors to the point where they had to push back.  It’s at that point where DFM became more recognized as a method of providing strong business practices, which begin from the top of the organization and is subsequently passed down.  This is evident within the strongest of manufacturers responsible for bringing new product to market, in realizing that while costs can be controlled by having design and manufacturing teams working closely together, it’s now also realizing that perhaps legal, marketing, quality, and management have to be part of these new product design teams as well.
In having worked on both sides of this equation, many of the individuals this researcher interviewed, personally found the most dedication to DFM was represented by the original equipment manufacturer that went even further with the philosophy of team building to include representation on the part of the supplier.  When new product design teams build around this concept, you breed not only DFM into your design, but relationships that, once realized, will lead to pride and ownership in ensuring that your design is built to last in the manufacturing space.  One of most effective ways in which to convey this material is to reward the reader with examples that demonstrate the value of DFM.  In the short study referenced here under (Design for Manufacturability DFM Examples), the reader is introduced to three standard type parts.  These examples include: representation of a part off a milling machine, another off a lathe machine, and a third representing a sheet metal part.  In each, imagine the “poorly designed part” as the one first introduced to the new project team represented by the aforementioned cross-departmental team members.  After review, the “improved designed part” drawing is defined, followed by an outline that describes all of the changes made.  Even with limited experience, or the ability to read a complex drawing, a student will notice that despite the disparity between the parts, there are common themes.  Across all three parts you’ll see the need to loosen tolerances where possible, opt for a more “manufactural” material, and finally, reducing redundancy or confusion in the drawing for clarity sake.  Imagine the world prior to DFM where these type of major oversights, not entirely the fault of the designer, but nonetheless there for the taking, went unaddressed all the way to the manufacturing floor.  It is here where the revolution, and for that matter the urgency, in having to address this issue further in the classroom is apparent.
Future Trends 
As industry tracks further into this age of advanced manufacturing methods, DFM and the expectations on the part of the manufacturer are going to escalate.  It’s no longer a world in which the designer just interacts with the manufacturer and other departments.  In fact, it is an environment where the employer or new product manufacturer expects the employee to be capable of crossing over to not only work in a collaborative fashion, but to become “hands-on” with the equipment on the manufacturing floor.  As new age technology has driven the need for highly developed engineers and technicians to manage very expensive and intricate equipment on the manufacturing floor, it’s now become apparent that the highly valuable equipment on the plant floor is now at the lead of cross-departmental team member’s minds, when considering any new product design.  Where at one time it was design that drove the project, over the past 10-15 years there’s instead been a push toward advanced manufacturing techniques driving design.  This in turn has blurred the line of what can be made and at what cost, (What is Manufacturing).  We’re now seeing candidates coming into industry that have to perform at a much higher level than ever before.  
As described above, this nation has made great improvements in addressing the need for otherwise highly talented engineers to become comfortable in DFM.  As this paper will go on to describe, in order to maintain a competitive edge with other industrialized nations, the next generation of talent must be taught DFM, as it is crucial in providing a candidate to the workplace who is employable at the outset of their hiring date.  This pipeline of talent must be maintained and measured, as the nation’s baby boomer generation steamrolls into retirement.  Politically speaking, as CTE instructors in this field, this position carries with it great responsibility; to the student, the community, and ultimately industry, in ensuring that the programs are present to provide preparation and awareness to our next generation of industrial engineers, designers, and technicians.  For without this sustenance, companies here in the United States will continue to source their manufacturing costs overseas and worse, suffer loses to global competition, whereby driving them out of business.  In order to prevent the “environmental, economic and social which are all inter-linked” decay of our communities, (Understanding a company's social impact is crucial to sustainability), we must support the companies in our respective areas of concentration in their everyday battle to succeed.
Moving forward, this research will explore how the demands placed on the individual coming out of high school will dictate for curriculum changes that interweave: 
1.) The mastering of design on a computer assisted software platform and, 
2.) Grasping the machining concepts included in our “Design for Manufacturability DFM Examples”, and beyond!
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