Design for Six Sigma


For the purposes of identifying, constraining, and approaching the design and implementation of this robot, we will be using the engineering process of Design for Six Sigma. This is the approach taught at Henry Cogswell College, and it focuses on achieving a high level of customer satisfaction and avoiding costly late process revisions. It has provided us with the following tools for approaching this problem.

Gemba


The simple concept of “going to Gemba” is an often-overlooked step in the engineering process. This is simply the act of going physically to wherever your product will be used. Though this sounds like a very simple step, quite often engineers will assume that they understand the needs of the customers enough without ever physically observing them. This leads to many problems, and a good engineer will always go to great lengths to fully understand their customers and the environment in which their product will be used as early in the process as possible. 


There are two things accomplished during this process. The first does not come with any sort of deliverable but is still very valuable. This is simply a firm understanding of the spirit of the needs of the customers. By spending time with the customers and talking to them about how the product will be used and what their requirements are, an engineer can learn a great deal about the details of how to implement a solution. The things learned during this process are very difficult to enumerate and are rarely explicitly asked for by the customer, but they are still very important.


The other thing achieved during these interviews is a list of the functional requirements for the product. These requirements will be used to evaluate different possible solutions and to validate the final product.


After speaking to our customers on several occasions about their requirements and what they envision as their optimum solution in the form of a robotic platform, we have compiled a list of eight functional requirements that will be used to evaluate this project. They include “safe to operate around people,” “works well in various environments,” “easy transportation,” “various application options,” “simple to keep powered,” “easy to operate,” “looks good,” and “meets project time constraints.” These will be used in the following parts of the design approach.

Kano Analysis

[image: image1.wmf]
The Kano Analysis involves interviewing the customers to determine how to categorize each functional requirement discovered during the Gemba process. By asking each customer how they would react to various implementation successes or failures, we are able to categorize each requirement as either indifferent, one-dimensional, must have, or attractive. The survey simply asks two questions for each requirement. The first asks how they would react if the requirement were filled well. The second asks how they would react if the requirement were not filled or filled poorly. 
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There are three columns in the QFD (the next tool) that are filled with the data collected during this analysis. The first is the need type, which is determined by the responses to the survey and the simple table pictured above. The other two are M+O (the percentage of customers who classified the need as must have plus the percentage of cus-tomers who classified the need as one-dimensional) and O+A (the percentage of customers who classified the need as one-dimensional plus the percentage of customers who classified the need as attractive). This relationship is shown visually on the Kano Plot shown above. The further away from the origin a given requirement is, the stronger its correlation to the need type. 

Quality Function Deployment (QFD)


The Quality Function Deployment is quite possibly the most important document generated during the identification phase of the Design for Six Sigma process. The QFD is a spreadsheet that contains a huge amount of information about the customer requirements, metrics, competitors, and priorities involved in the project. In order to fill out the QFD, we spoke at length with our customers to determine several different things. First, we had to establish the current ability versus importance of each of the functional requirements. This was simply a matter of surveying the customers.


We then had to determine how to measure the success of the project and the units of each measure. Once that was established, a list of competitors had to be compiled, and these competitors had to be ranked against the functional requirements as well as the metrics. This gives the design engineer a tremendous amount of information about what will be necessary to be competitive in the market that they seek to enter. Unless the competition is taken into consideration during this phase of the design, there will be nothing to distinguish the product from those already on the market. Also, the engineer will not have any way of knowing what to focus on in order to maximize market effectiveness. 


With all of this information, it is possible to evaluate target values as well as upper and lower specifications. These help clearly define the success of the project very early on in the process. With the completion of these steps, both the engineer and the customers are very clear on exactly what a successful project will entail, and it eliminates many opportunities for miscommunication. The completed QFD follows:
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Risk Mitigation


Through very closely working directly with our customers and speaking at length about exactly what they envision as the most likely modes of failure of this project, we have compiled a list of the major risks involved in this project. Then, the likelihood and impact of each of these risks were evaluated; the product of those two values represents the priority of that risk. A higher priority indicates a more unacceptable risk.


By looking at the highest priority items, it is possible for engineers to revise their approach to a problem and reduce the ramifications of the major risks. By reducing either the impact or likelihood of a given risk, the major sources of failure can be eliminated, making the project much more likely to succeed. Our risk mitigation summary document is provided in the following pages.

Input Specification Document


The input specification document lists the best case, expected, and worst case requirements of the project with respect the various categories. The five major types of requirements covered here are quality, cost, delivery, safety, and morale. For each of these, there are a number of restrictions put upon the project. An upper and lower specification as well as the expected value is listed for each of these requirements. Our input specification document is included in the following pages.

One Page Scope Statement


The one page scope statement is a self-explanatory document that enumerates the scope of the project. This document is provided in the following pages.
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INPUT SPECIFICATIONS REQUIREMENTS DOCUMENT

PROJECT: Robot Mascot

Quality

	Requirement
	Best Case
	Desired – Expected
	Worst Case

	Adaptable Speed for Different Applications
	3 Speeds
	3 Speeds
	2 Speeds

	Various Application Options
	6-8 Modules at Delivery
	3 Modules at Delivery
	1 Module at Delivery

	Powerful
	Carry a Full Grown Person Up Steep Stairs (25mph)
	Carry a Full Grown Person Up Stairs
	Carry its Own Weight Up Stairs

	
	
	
	

	
	
	
	


Cost

	Requirement
	Best Case
	Desired – Expected
	Worst Case

	Cost
	< $5000 (With Tools)
	$5000
	$10,000

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Delivery

	Requirement
	Min Acceptable
	Expected
	Max Acceptable

	Mechanical Design and Budget
	
	April 15, 2004
	April 15, 2004

	Prototype for Major Testing
	
	September 1, 2004
	January 1, 2005

	Completed Robot with at Least Three Modules
	
	January 1, 2005
	April 15, 2005

	
	
	
	

	
	
	
	


Safety

	Requirement
	Best Case
	Expected
	Worst Case

	Top Speed
	Safe to Ride in Controlled Conditions
	Safe for Spectators
	Safe for Spectators More Than 10 Meters Away

	Around People (Speed Limitation in Effect)
	Fool-Proof Human/Child/Animal Safe
	Completely Safe With a Responsible Driver
	Safe Around Responsible Adults

	Conditions
	All
	All But Saltwater
	Indoor and Dry Outdoor

	
	
	
	

	
	
	
	


Morale

	Requirement
	Best Case
	Expected
	Worst Case

	Looks Good
	100% Visual Satisfaction (Everyone Likes It)
	Customers and Major Investors Like It
	General Positive Response (75% or More)

	Easy to Transport
	One Person Can Move it Un-powered
	3 People Required to Move it Un-powered
	4 People Required to Move it Un-powered

	Easy to Transport
	Goes Anywhere We Go (Narrow Halls, Stairs, etc.)
	Goes Anywhere Wheelchair Accessible
	Fits Through Standard Doorways and in Cars

	Battery Life
	> 30 Minute Battery Life with Feedback
	30 Minute Battery Life with Feedback
	20 Minute Battery Life

	Easy to Operate
	5 min Practice Needed to Operate Safely
	15min Practice Needed to Operate Safely
	Several Hours Practice Required

	
	
	
	

	
	
	
	


One Page Scope Statement

	Project Title
	Robot Mascot

	
	

	Product of the Project
	We will produce a robot for Z Buffer Inc that will serve as an advertising symbol for that organization in promotional and recreational activities. 

	
	

	Product Justification
	There exists a market for advertising through icon recognition that will be exploited by this project. Z Buffer Inc currently possesses no such icon, and would like to fund a robot to fill this role. This robot must be visually distinct and appealing, and be capable of performing a given set of tasks.

	
	

	Project Constraints
	Schedule: no constraints

Product Scope: must meet the performance requirements of the customers and be capable of reliably operating in a wide range of environments.

Resources: constrained budget, available people, and equipment.

	
	 FORMCHECKBOX 
 Schedule 
	 FORMCHECKBOX 
 Product Scope 
	 FORMCHECKBOX 
 Resources 

	Project Deliverables
	A robot, extra batteries, battery charging equipment, modular components, transmitters and controls, documentation, and software.

	Current Phase 

Next 

Phase


	· Project Charter

· Input Specification Document

· Failure Modes and Effects Analysis (FMEA)

· Rapid Prototyping

· Program Plan

· Y = f(x)

· Detailed Process Map

· Design FMEA

· Optimization

· Measurement System Evaluation

	Interim Success Metrics
	-Mechanical design and completed budget submitted for final approval by April 15th.

-95% of all manufacturing done in-house.

-Prototype capable of major tests done by September 1st.

-Major testing results in the destruction of no more than two major selected components.

	
	

	Approvals
	Mike Carr,

Team Leader
	Rick Labadie, Chairman
	Gordon Jenkins, CS Advisor
	P. Nikaaien,   ME Advisor


Failure Modes and Effects Analysis (FMEA)

The failure modes and effects analysis is a tool that is very similar to the risk mitigation. However, instead of prioritizing and mitigating the things that can go wrong during the project, this tool evaluates the various modes of failing to meet a “critical to quality” customer need. The risk priority in this case is the product of the likelihood and impact of the risk as well as the severity ranking of the customer need. 


Through the use of this tool, we have been able to identify and address several different things that could impair our ability to deliver on our customer’s critical requirements. Such a failure would result is poor customer satisfaction and a low level of project success. 


The completed failure modes and effects analysis spreadsheet is included on the following page. With the completion of this exercise, we have successfully reduced the risk priority number of each failure mode to 50 or less, placing them all in the green range of acceptable risk.

Failure Modes and Effects Analysis
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QFD: Robot Mascot
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