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Engineering Design Process

The process of engineering design is similar to the “scientific method” in that a formal process can be defined that contains many of the steps that actual engineers follow when solving a problem, but there are so many exceptions that the rules are not hard-and-fast.  Nonetheless, there are three essential attributes to engineering: the inventive, the artistic, and the rational.
  While the first and the last may be more or less obvious, the middle one may not be.  The design of a car, airplane, or even a bridge can be one of elegance or beauty.  In fact, a good design that is efficient nearly always has an element of beauty.  When “form follows function,” the result is often elegant or beautiful.  However, an artistically beautiful building may not stand up!  Engineering is more than art.

1.
Define the Problem

The first task is to define the problem in your own words.  Do not underestimate the importance of this seemingly simple task!  If you do not fully understand what you are supposed to accomplish, then it is very unlikely that you will end up with a useful design.  In defining the problem, be as specific as possible and – where possible – define everything quantitatively.  Use diagrams to clarify words.  Do not be vague because in the end you need to argue why your final design accomplished what you set out to do.

One point of this project is to mimic the real world where “time is money.”  Part of the problem is setting up a “working” schedule listing when key tasks should be completed so that you will have a working vehicle by the date of the competition.  “Cramming” at the last minute is not an acceptable plan!  Estimate how long each step should take, add up this time and compare to when you need to be done.  Since your initial estimate will probably put you behind schedule, keep repeating the process until you have a timetable that nominally completes the project on schedule.  You now have a tentative schedule to gauge your progress.  The dates will need to be adjusted during the course of the project.

2.
Generate Various Solutions

With the problem understood, you now need to generate some ideas on how to solve it.  These do not need to be fully drawn designs.  They could be pieces of a design.  This “brainstorming” is also very important because if you start off heading in an unproductive direction, then you will waste time and energy.

The question is then: how do you become creative or inventive?  While there is no easy answer to this key question, consider the following advice from a design engineer:

You cannot command your mind to invent something, but you can encourage it.  The best way to do this is by saturating your mind with all the elements of the problem.  Study everything you can; try to find the feel of the job.

…

The secret of inventiveness is to fill the mind and the imagination with the context of the problem and then relax and think of something else for a change.  Perhaps you could read a book, play a game, or climb a mountain and thus release mental energy which your subconscious can use to work on the problem.  If you are lucky, this subconscious will hand up into your conscious mind, your imagination, a picture of what the solution might be.  It will probably come in a flash, almost certainly not when you are expecting it.  This is true of all creative thinking whether in engineering or not.

…

It is important to realize that our subconscious minds will hand up their suggestions in the form of symbols or pictures.  The subconscious has no vocabulary.  To encourage communication between the conscious and subconscious, we should practice their only common language, which is in three dimensional pictures.  That is why all engineers should learn to do three-dimensional sketches.

As a corollary to this advice, always be prepared for inspiration to strike!  When an interesting thought comes to mind, write it down; draw out the idea and give it form.  

In coming up with ideas, do not think only “inside the box;” do not constrain yourself to traditional solutions.  Specifically, in this project – do not restrict yourself to the design being used in class.  Note that it is not intended to address the problem you are working on.  It has a different purpose.  Finally, note that many inventions were originally developed by amateurs (the ballpoint pen was invented by a sculptor).  Expertise is not a prerequisite for inventiveness.

3.
Focus on Single Approach

Ideally you would have the time and resources to build several different prototypes and test each in order to find the best design.  In practice, you will often need to focus on only one concept and fully develop it.  The design, however, should be flexible so it can be modified if one component does not work as well as hoped.  It is always best to be able to modify an existing design, than go back to square one and start from scratch.  In selecting ideas that merit further development, keep two considerations in mind: (1) beware of physical impossibility and (2) think simple.  While the first may appear obvious but some subtle but critical feature of the design may prove to  impossible. 

In your final report, you will need to justify your decision on how to proceed.  Make your reasoning explicit.  Note, however, that you will need to modify whatever design you select – so do not throw out any ideas because you may need them.

4.
Design Prototype

The outcome of this step should be a “blueprint” of your final decision on how to solve the problem.  It should be in sufficient detail so that someone else could also build it.  Draw and label diagrams; provide dimensions (note that you may need to do some computations using geometry); be specific.

Some thoughts to consider when formalizing your design:

· Divide up and tidy up: Break down the problem into simpler, little problems.  Solve each individually.  Put it all together and then simplify the result.  

· Complicate to simplify: While this may sound contradictory, an overall simple, elegant solution may appear superficially complex but be based on an underlying simple concept.  The simplicity need not be in each individual step.  It can be in how a single source of energy is used for multiple tasks, rather than relying on a separate source for each task.

· Avoid over-designing: One mistake that is sometime made is to find one good idea for one specific problem, but then overuse it to solve all problems.  Avoid becoming infatuated with a clever idea and using it over and over again!

· Make the materials you use an ally, not an enemy:  Think carefully about the properties of the materials you are using (density, strength, flexibility, etc.) and how these properties can help solve problems, rather than creating them.  

· Avoid technical snobbery:  Do not make your design more involved than it needs to be.  A trivial solution may not look impressive but it may be the best approach.  

· Watch for hidden, disguised assumptions:  Make all of your reasoning explicit because you may discover that you are assuming something will or will not happen.  If this turns out to be wrong, you vehicle may not work at all.  Ask yourself: are we forgetting anything or taking something for granted?

· Keep a safety margin:  In general, it is best to over-design on the assumption that something will go wrong.  “Murphy’s Law” always turns out to be true and should never be ignored!

Keep in mind the basic laws of mechanics we will be studying in class!  After all, that is the purpose of this project.  Your design should reflect such concepts as kinematics, Newton’s laws of motion, the conservation of energy and momentum, static equilibrium, and so forth.

5.
Construct Prototype
With your completed design, you now actually build a prototype.  A collection of hints on building mousetrap cars will be kept in the classroom.  These hints address some common problems when building them and alternative ways to solve each.  A general tip is to always think before cutting, gluing, or nailing anything!  The old adage to “measure twice and cut once” works!  Note that a good design can fail if it is not carefully constructed.  Make sure elements are properly aligned and secured in place.  Finally, although this step and the next are listed separately, they should be done simultaneously – test each component before moving on to the next.

6.
Test and Evaluate Prototype
If the first time your vehicle is operated under realistic conditions is the day of the competition, then you will undoubtedly discover that it does not work as intended.  As noted above, the only law of nature you should unquestioningly believe in is Murphy’s Law: If anything can go wrong, it will.
  The only protection against Murphy is to test your vehicle under realistic conditions and find all of the obvious problems.  At least then, in the actual competition, you will uncover new ones!

When testing your vehicle, quantify its performance so you can judge if any modifications are improving your vehicle.  Ideally, you should also quantify the modifications so you can then predict how much change is needed to reach a given level of performance.  Note that in your final report, you will need to report on your testing.

7.
Modify, Redesign, and Retest Prototype

Steps 4 through 6 will need to be repeated since your initial design cannot be expected to work flawlessly.  At this point in the process you will discover that your design needs to be flexible so changes are easy not hard to make.  In addition, make each component so that it can be repaired or replaced as needed.  This is known as “modular design.”  Engineers have discovered, often the hard way, that their designs should include an ability to repair broken parts or replace them with new, improved components.


8.
Document Results
To complete the process, a final report documents your progress, solutions, and results.  The report’s structure is provided below:

1. TITLE PAGE - report must include a title page with your names, date turned in.

2. PROBLEM - in your own words, state the problem you are trying to solve.

3. MATERIAL LIST - list all the materials used in your solution. This should include glue, fasteners, and the amounts used.  Include receipts for any items purchased specifically for this project.

4. PROBLEM SOLVING PROCESS - give a summary for design steps 2 through 4 (from Engineering Design Process). Include explanation of how physics concepts apply toyour design and decision-making.

5. BUILDING PROCESS - give a brief summary of how you built your solution. This should be stated so that some one else reading it can build your solution.

6. PRELIMINARY TESTING - give a brief summary of any testing you performed prior to the due date. Be sure to describe any changes you made to your solution as a result of this testing.  Include data tables and/or graphs (properly drawn and labeled).

7. RESULTS - explain what happened to your solution on the due date. State whether it was successful or unsuccessful and why.

8. DRAWINGS - include thumbnail sketches of preliminary ideas (brainstorming), and a formal drawing of your final solution.
� Gordon Glegg`. The Design of Design. (NY: Cambridge University Press, 1969): pp 18-25.  Many of the ideas in this short description come from this book.
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�PAGE \# "'Page: '#'�'"  ��(1) define using diagrams and numerical quantities


�PAGE \# "'Page: '#'�'"  ��(2) concentrate/relax; do not be conditioned by tradition; don’t despise untutored inspiration


�PAGE \# "'Page: '#'�'"  ��(1) beware of physical impossibility; (3) continuity of energy


�PAGE \# "'Page: '#'�'"  ��(2) complicate to simplify; make allies; divide up and tidy up; feedback from physical sciences ** the purpose of this part of the course!! **; (3) avoid over-designing; select materials appropriate to task; (4) avoid technical snobbery; watch for disguised assumptions


�PAGE \# "'Page: '#'�'"  ��(4) design for repair/maintenance
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