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1. Introduction 

The intent of the CDR (Critical Design Review) is to ensure the proposed product design meets the criteria for a six sigma design.  The following attributes taken step by step will show that this design is compliant and has a good opportunity to be successful for our company if brought to market. 
2. Y=f(x) 

This is used to identify the inputs and outputs that affect our final goal of stopping where to stop the car.
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The functions are:

Controllable

Ball Weight is a variable from 0.5 oz to 2.0 oz. 

Ball Size is a variable from 0.5 in to 2.0 in.

String Weight is a variable from 10 lb test to 40 lb test line.

Process

String length is a variable from 150 in to 170 in.

Assembly of the ball to the string will be verified by applying a 20 +/- 5 lb force to the ball through the string.

Noise

Wind: The weight of the ball will mitigate the force of the wind.

Operator: Clear instruction to install the car stop in the garage. Add warnings/cautions to owners manual.

Visibility: Have the proper size of the ball and use a reflective finish.

Output

Have the car stop within +/- 0.85 inches of mean.

3. Basic Statistics 

To better analyze the product we choose to use the IO model.  (See above, cross reference DOE, Vartarn, Scorecard).
4. DOE 

The intent of our DOE (Design of Experiment) was to validate that our design was six-sigma compliant.  Our experiment accounted for several key factors such as:
· Size of ball

· Weight of ball.

· Weight of string

· Eye Level.

We then designed experiments where we attempted to stop the car within 6 inches (+3/-3) of a preferred location.  The following data captures:
Our controllable factors are:

	

	Controllable Factors

	Factor
	Name
	Units
	Low Level (-)
	High Level (+)

	A
	Ball Weight
	Ounces
	0.5
	2

	B
	Ball Size
	in. Dia 
	0.5
	2

	C
	String Weight
	lb test
	10
	40

	D
	Eye Level
	inches
	-6
	6


When we ran the experiments the following data resulted.
	Factors
	Response

	Ball Weight
	Ball Size
	String Weight
	Eye Level
	
 



	A
	B
	C
	D
	Y

	0.5
	0.5
	10
	-6
	-5

	2
	0.5
	10
	-6
	0.25

	0.5
	2
	10
	-6
	6

	2
	2
	10
	-6
	0.2

	0.5
	0.5
	40
	-6
	-5

	2
	0.5
	40
	-6
	-1

	0.5
	2
	40
	-6
	-5

	2
	2
	40
	-6
	0.3

	0.5
	0.5
	10
	6
	7

	2
	0.5
	10
	6
	-0.5

	0.5
	2
	10
	6
	5

	2
	2
	10
	6
	0.5

	0.5
	0.5
	40
	6
	5

	2
	0.5
	40
	6
	1

	0.5
	2
	40
	6
	8

	2
	2
	40
	6
	0.25


We then optimized the experiment based on the results.

	
Optimization Settings


	

	Coded Levels
	Uncoded Levels
	

	
	
	

	0.69
	                   1.00 
	Ball Weight

	-0.05
	                   1.00 
	Ball Size

	0.33
	                 30.00 
	String Weight

	0.02
	                   0.10 
	Eye Level


Prediction for stopping distance .86
We then ran the experiment with what we believed to be the optimal in order to validate the resultant.

	Test Data

	0.372

	0.500

	0.750

	0.400

	0.000

	0.250

	0.250

	1.000

	0.750

	1.000

	1.000

	0.000

	0.250

	0.500

	0.000

	0.250

	0.250

	1.000

	0.750

	0.000

	0.468


To validate if the results were six sigma compliant we calculated the:
· Standard deviation 
.354

· Average 
.464

· Upper Limit

3.

· Lower Limit

-3.

· ZUPPER
7.173508
· ZLOWER
9.485443
· ZUPPER + ZLOWER = 
16.65895
Because this data showed our design was significantly better than six sigma we chose to gain a one dimensional advantage by stipulating our product will identify where to stop your car within +/- .85 of an inch.  That still results in a six sigma design. (reference Section 8 Project Charter)
· Standard deviation 
.354

· Average 
.464

· Upper Limit

.85
· Lower Limit

-.85
· ZUPPER
1.092274
· ZLOWER
3.404209
· ZUPPER + ZLOWER = 
4.496483
5. VarTran

We then applied our design to the Vartran Software package and found the following.   We found that the String and Ball weight were a minimal influence on the net output function.  This could be used to allow for more variation in the production build for those factors. 
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B_size : Ball Size

B_weight : Ball Weight

S_weight : String Weight

Eye : Eye Level

Stop : Stop Car
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Characteristic Value

Average: 0

Standard Deviation: 0.51539

Cp: 1.55

Cc: 0

Cpk: 1.55

Def. Rate (normal): 3.21 dpm

Z-Score (short-term): 4.51

Sigma Level: 4.51

 Interval for Values = (-1.5462, 1.5462) +/-3SD


6. Final Product Diagram/Design
We believe this design is compliant to our objectives and meets the customer’s needs hence we are going to continue.

7. Scorecard

After all the data is in it is time to asses your progress.  This is accomplished by a Six Sigma Tool called a Scorecard.  Reference the EPIN web site for directions how to derive the data for this chart
	 
	Parts
	Process
	Software
	Performance
	Total

	PPM
	             200,000
	       67,126 
	  0 
	                 93,125 
	360,251

	Opportunities
	                             3 
	                 4 
	                     -   
	                           3 
	                  10

	DPMO
	3
	             3
	                     -   
	3
	9 

	Sigma
	4.53
	4.53
	0.00
	4.53
	4.23


8. Business Justification

· We have a six sigma design (reference DOE data)
· Based on our initial Key Learning’s (as identified on day one) we have meet every objective with this project. (reference section 5)
	Apply knowledge
	Learn engineering tools 
	Obtain knowledge

	Apply Effective communications
	Learn to lead projects
	Streamline processes 

	Get an A
	Listen to customer
	Successful teaming 

	Identify opportunity 
	Make money
	Understand design process 

	Identify pitfalls 
	
	


· Since this project currently meets customer cost, reliability, and visual appeal we do not believe there is room for further improvement prior to production.   Post production we will look at enhancing the design with the developments identified earlier in this project.  (such as: lighted balls etc.)
9. Recommendations

The project has been optimized to achieve six sigma.  The risk associated with this project has been mitigated to an acceptable level.  The recommendation will be to proceed to the next phase which would be to implement the product. 

10. Plus/Delta
	+
	Delta

	Catapult hands on experiment was very helpful.
	Vartran is not installed on the school computers.

	Software used to find PGA proved very efficient.
	Possibly have a list of projects that could be used that would show the process.

	 
	Have a list of acronyms with definitions available.
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� In phase one we identified the customers requirement was one of stopping their car within +3” or -3” of a nominal.


� In phase one we identified the customers requirement was one of stopping their car within +3” or -3” of a nominal.


� Due to our experimental data we were able to reduce the distance to stop.


� Due to our experimental data we were able to reduce the distance to stop





