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The Engineering Design Process

 



    Simplified
Most students and teachers are familiar with the Scientific Method as a tool for discovery which typically yields relationships of the form – “If this variable is changed, then the result is …” The Engineering Design Process (EDP) is similar to the Scientific Method in that it provides an algorithmic approach to design, but the goal of the EDP (creating) is dramatically different than the goal of the Scientific Method (discovering). Engineering design is the art of using that which is known to create something that doesn’t exist or to improve something that has already been developed. As the famous physicist and engineer Theodore Von Karman said, “A scientist discovers that which exists. An engineer creates that which never was.”

The EDP is a straightforward approach to design. This approach can be applied to any design problem from the development of a physical mechanism to creating a software package to laying out an assembly line. In general, the design process includes the following steps:

1.  Identify the design objective. 

The objective is a very general statement about what the design is intended to do. The objective does not provide any specific information about the design or any indication as to what the end result might look like. Example:
Build a robot that will compete in the 2007 BEST Competition.

2. Determine the design specifications.

The specifications involve clearly identifying the goals (G), requirements (R), and constraints (C) associated with the design. The more detailed the specifications, the clearer the guidelines for creating viable design alternatives. The specifications still do not provide any indication as to what the end product will look like. Examples:


Robot must fit in a 24-inch cube and weigh no more than 24 pounds. (C/R)


Robot should be able to travel the width of the field in less than 45 seconds. (G)


Robot must have a minimum reach of 38 inches in order to score points. (R)


Scoring strategy – get a lot of the low point items, then go after high point items.


(G)

3. Develop numerous design alternatives.

This is the creative side of engineering that tends to get lost in the stereotype that portrays engineers as pocket-protector-clad, socially-hindered nerds.  Designing is a highly creative process.  Engineering design marries that creative process with content knowledge from a variety of disciplines, which means that design engineers must be innovative.

Brainstorming is the name of the game at this stage.  How many different ways can you think of to meet the design specifications?  Even if some ideas seem outlandish, put them on paper.  Help students to find effective ways to communicate their ideas – rough 
sketches, written descriptions, simple models (Legos, toothpicks, etc.).  As a teacher, your job at this stage is to initiate the discussion and then get out of the way.  The younger your students are, the less they are hindered by prior knowledge.  Our unintentional tendency as teachers is to bias students toward how we would solve a problem.  Get the students to work in groups of 3-4, so that they can bounce ideas around.  Try to set up several groups, though, so that you can get as many different alternatives on the table as possible.  One strategy might be to require every student to submit a design idea for some aspect of the robot.  Additional design alternatives may come from blending two or more ideas that are submitted by the students.

Note:  In each BEST game, there are always multiple means of scoring points.  The design alternative that is chosen is often driven by the scoring strategy that a team has adopted.  During the initial brainstorming, encourage students to propose ideas for all of the scoring opportunities.  They shouldn’t limit their thinking to a particular scoring strategy at the outset.  Once there are several design alternatives, then they should begin to look at the feasibility associated with each means of scoring.

4. Choose the optimal design.

Rarely are engineers in the position to develop what might be considered the “best” design.  More times than not, it is the optimal design that is developed.  There are always trade-offs involved in the design selection.  Some constraints may force the designers in a particular direction, e.g. allowable budget or required deadlines (like having 6 weeks to go from zero to a functioning robot!).  As a design team, the pros and cons of the alternative designs must be weighed and a clear decision must be reached.  Students should give as much (or more) weight to how each design will be manufactured as they do to the anticipated functionality of each design.

Once a design choice is made, it is easy for students to let up some and think that the hardest part is over and now all they have to do is build their design.  The distance between a great design idea and a working product is often immeasurable.  In industry engineers will often hand over a design to the manufacturers and let them worry with making the product.  With BEST the students are also the manufacturers…and they’re usually working with fairly basic tools and minimal manufacturing experience.  Turning their idea into reality is at the heart of the BEST competition, and this is where the bulk of the time associated with the robot is spent.

5. Build and test the design.  (Revisiting previous steps, as needed.)

Cut, drill, sand, avoid expletives, re-cut, re-drill, buy more wood, wake up “dreaming” about robots – welcome to the building phase of BEST.  More time spent on the steps leading up to this usually means less chaos in the building phase.  However, the sooner you can get to this phase (in the context of BEST), the better off you are…provided that your students know what it is they are building!

The EDP as a Teaching Tool

When you read through the scoring guidelines for the BEST Award, it is clear that students are expected to apply the EDP in the overall development of their robot.  The EDP can be applied in a number of other ways within the context of BEST.  Having students formally apply the EDP on 
several different levels reinforce the process and will help them to develop better work products.  Encourage your students to apply the EDP to:

· Each functional component of the robot (e.g. the chassis assembly, “grabbers”, arms, etc.)

· The Project Notebook

· The Group Presentation

· The organization of your BEST team

· The management of the six weeks (42 Days) of BEST

For any of these aspects of BEST, it is possible to have the students write out the Design Objective, the Design Specifications, several Design Alternatives, a justification for the Design Choice that was made, and then generate the product. 
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