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Critical Design Review

Team #2

GE 290

“Vacuum-sealed Bread Box Concept”

Team:
Executive Sponsors - Bob Jordan, Damon

Team Leader - Terry Graff

Team Members - Christina Welk, Steve Bueler, Beren Ralston, Bob Good

Time Frame of Phases

Identify – Due 10/27/2003 (Business Assessment Review Complete)Define and Develop Due 11/17/2003 (Preliminary Design Review Complete)
Optimize and Validate – Due 12/15/2003
Introduction
The Critical Design Review portion of the team’s project consolidates all of the testing data from the PDR phase.  The PDR tools and results are then updated and finalized with the team’s testing results.  Statistical analyses are also applied in addition to the preliminary data.

The Team’s CDR will then conclude with the final project recommendation.

Statistical Analyses

The initial portion of our CDR addresses the statistical methods and parameters with which the team analyzed our testing results.  First we compiled a spreadsheet of the effect of each input parameter on each output.

	
	Output
	
	
	
	
	
	
	
	

	Controllable
	•Easy to use
	•Large enough compartment
	•Good seal
	•Quiet operation
	•Cost effective
	•Durable
	X
	Y-Min
	Y-Max

	•Size of compartment
	
	X
	
	
	
	
	20*12*12
	20*12*12
	12*12*24

	•Visibility of button
	X
	
	
	
	
	
	Front
	Front
	

	•Cost of parts
	
	
	
	X
	X
	
	150
	100
	200

	•Output standards for air pumps
	
	
	
	X
	X
	X
	.5 atm
	0.3
	0.7

	•Noise level
	
	
	
	X
	X
	
	50 db
	20 dB
	75 dB

	•Cost of a good pump (Db & Life)
	
	
	
	X
	X
	
	$20 
	$10 
	$30 

	
	
	
	
	
	
	
	
	
	

	Standard Operating Procedures
	
	
	
	
	
	
	
	
	

	•Assembly procedures
	
	
	X
	
	X
	X
	1/1M
	0/1M
	5/1M

	•Packaging procedures
	
	
	
	
	
	X
	1/1M
	0/1M
	5/1M

	•Torque specifications for fasteners
	
	
	
	
	
	X
	1/1M
	0/1M
	5/1M

	
	
	
	
	
	
	
	
	
	

	Noise
	
	
	
	
	
	
	
	
	

	•Assembly stations
	
	
	
	
	
	
	
	
	

	–Hinge installation
	
	
	
	
	
	X
	1/1M
	0/1M
	5/1M

	–Seal installation
	
	
	
	
	
	X
	1/1M
	0/1M
	5/1M

	•Packaging persons
	
	
	X
	
	
	X
	1/1M
	0/1M
	5/1M


From the minimum to maximum values as allowed by the customer, a Y=F(X) function was extrapolated to quantify the range of possible outputs over a continuous range of inputs.  
	X  Minimum=1, Maximum=5
	1
	2
	3
	4
	5

	Y = F(x)  (Seal Problem Possibility*X)
	0
	0
	9
	1
	0

	Y = F(x)  (Noise Problem Possibility*X)
	0
	0
	8
	2
	0

	Y = F(x)  (Cost Problem Possibility*X)
	0
	1
	8
	1
	0

	Y = F(x)  (Durable Problem Possibility*X)
	0
	1
	7
	2
	0

	
	
	
	
	
	

	Y = F(x)  Totals
	0
	2
	32
	6
	0

	
	
	
	
	
	

	Mean
	0
	0.5
	8
	1.5
	0

	Standard Deviation (from 10)
	10
	9.5
	2
	8.5
	10



Each output was discretely graphed, demonstrating the classic Bell Curve statistical results.
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The four input functions were then summed to provide a total statistical curve of our specifications.
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Input/Output Function

To start the final analysis, the team needed to identify the critical input/output parameters with which the testing data would be evaluated.  This includes the standard operating procedures used during the manufacturing and testing process, our controllable specifications, our output parameters, and finally the parameters which drive our critical failure mode (noise).

	
	Standard Operating Procedures

•Assembly procedures

•Packaging procedures

•Torque specifications for fasteners
	

	Controllable

•Size of compartment

•Visibility of button

•Cost of parts

•Output standards for air pumps
Cost of a good pump (Db & Life)
	FUNCTION

	Output

•Easy to use

–Easy to unpack

•Good seal

•Quiet operation

•Large enough compartment

•Cost effective

•Durable

	
	Noise

•Assembly stations

–Hinge installation

–Seal installation

•Packaging persons


	


Failure Mode Effects Analysis (Final)


During our PDR, our concept model was analyzed for a variety of failure mode possibilities.  The failure modes were evaluated based on severity and customer impact, and risk-mitigation solutions and product improvements were proposed to minimize the potential failure modes.  The FMEA is now updated and finalized with the data arrived at during the PDR.

Our CDR discovered the need to reevaluate our initial proposed risks.  The matrix below details the team’s success and confidence in addressing the revised risks.
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(Not Achieving 

Customer Need or CTQ)

Sev

erity 

of Effect

Causes

 of Effect

Likelihood 

of Cause 

Occurring

Impact if 

Cause 

Occurs

Risk 

Priority 

Number

Design 

Modification

Predicted 

Likelihood

 Predicted 

Impact 

Predicted 

RPN

Doesn't Hold Seal 5 Valve breaks 4 5 100 Robust seal 2 5 50

5 Seal/gasket fails 4 5 100 Double seal 2 5 50

Too Small for Bread

5

Poor initial 

measurements 2 5 50

Design large 

enough for multiple 

bread types 2 5 50

Door doesn't open/close easily 4 Poor hinges/latch 2 5 40 Functional testing 2 3 24

4 Sticky seal 3 4 48

Abuse/functional 

testing 2 3 24

4

Vacuum not 

released 3 5 60 Improved valve 2 3 24

Fragile - breaks if dropped

4 Weak casing 3 5 60

Reduce number of 

small parts 2 2 16

2 No little rubber feet 1 1 2 Add rubber feet 2 1 4

5

Insufficient 

testing/weak seal 3 5 75 Flexible seal 2 3 30

Exterior doesn't stay clean

3

Bad texture on 

surface 2 3 18

Nonstick/easy-to-

clean surface 1 1 3

3 Wrong color/pattern 2 3 18

Design that hides 

stains/dirt 1 1 3

Too heavy

4

Casing/material too 

heavy 2 5 40

Lighter materials, 

plastic or aluminum 2 2 16

3 Designed too strong 2 3 18

Smallest pump 

possible 2 2 12

Unattractive

5

Wrong 

size/shape/color 3 4 60

Customer 

surveys/feedback 2 3 30

4

Insufficient 

customer feedback 3 4 48

Wide selection of 

designs 2 3 24

Too noisy

5 Pump wears out 3 5 75

Choose pump 

based on noise in 

addition to 

performance 2 5 50

4

Insufficient noise 

insulation 3 4 48

Insulate pump, 

muffler/silencer 2 5

Short lifetime

5 Cheap parts 3 5 75

Functional/abuse 

testing 2 4 40

5

Pump too weak for 

job 3 5 75

Choose properly 

rated pump for 

performance needs 1 3 15


Design Of Experiments

When faced with the question of what our final design should be, we need to know what the best design is.  To come up with a valid conclusion to this question, we need to experiment with parameters that affect performance that lead to the final, needed result.


In thinking about this question, we decided to optimize time it takes to reach the desired vacuum for our bread box. The performance of the vacuum, the volume of the container and the number of seals result in being parameters for this optimization experiment. 


Upon closing the box, the vacuum pump needs a realistic volume rate to create a vacuum seal, the volume of the box needs to be within reason and the number of seals will also affect the rate at which a preliminary vacuum seal is created. 


Our extreme factors are the fastest vacuum rate, largest bread box for practicality and a total of three parallel seals around the opening. On the other end of the spectrum as our minimum, we will use the slowest vacuum rated pump, the smallest volume box that fits bread loafs and one seal.


Some noise which could occur is, how fast the door is closed, if the seals are dirty and also ambient temperature. Since the door actuates an on switch, the door can be closed slowly and turn the switch on before the seal makes contact with the door. If a seal is dirty, it can cause a break down in measurements and the rate at which the pump vacuums could possibly be affected by large temperature changes.


To remedy the noise, we can implement standard operating procedures for the experiment. The door and the switch can be calibrated to activate only when the seal is contacting the door and also have the same person close the door every time to minimize deviation. The seal can also be wiped with a clean rag before every run to ensure a clean seal. The last noise factor can be remedied very easily, we can simply run the experiment in doors in a temperature controlled room, for the temperature we would simply use and average household temperature of 78 deg F.
Vartran Analysis

The team was unable to install Vartran due to technical difficulties.  The Vartran software failed installation giving an error of incompatible operating system (Windows XP home was not supported).  Administrative settings on the school computers also prohibited the team being able to install the application.
Scorecard Analysis (updated)


The testing data was again analyzed with Scorecard Analysis.  This shows the final results of the team’s type-design specifications and our final Z sigma score of 4.08 for the project’s Parts, Process, and Performance.


[image: image5.emf]Paramete

r Units

Discrete 

or 

Continuo

us USL Target LSL Mean Stdev Zl Zu pl pu

PPM 

Defective

Zt (Sigma 

Score)

Airpump db

Continuou

s

60 50 30 50 3 6.67 3.33 0% 0% 175           3.58

Cutting Board (wooden) in Continuous 30 25 20 25 1 5.00 5.00 0% 0% 10             4.27

Box Hinges Turn Degrees Continuous 180 135 90 135 12 3.75 3.75 0% 0% 150           3.62

rubber seal mmHg Continuous 400 300 200 300 24 4.17 4.17 0% 0% 31             4.01

Tubes Yield Discrete 150           3.62

Fittings Yield Discrete 250           3.48

Switch Yield Discrete 125           3.66

plastic molding Yield Discrete 115           3.68

knife Yield Discrete 60             3.85

brackets and bolts Yield Discrete 100           3.72

rubber feet Yield Discrete 150           3.62

1,316    

130

DPMO 10         

4.26

Parts

PPM Total

Opportunities

Sigma 



[image: image6.emf]Parameter Units Discrete or Continuous USL Target LSL Mean Stdev Zl Zu pl pu PPM DefectiveZt (Sigma Score)

Assembly Yield Discrete 500           3.29

Chamber Manufacturing Yield Discrete 800           3.16

1,300    

36

DPMO 36         

3.97

Process

PPM Total

Opportunities

Sigma 



[image: image7.emf]Parameter Units Discrete or Continuous USL Target LSL Mean Stdev Zl Zu pl pu PPM DefectiveZt (Sigma Score)

Noise db Continuous 60 50 30 50 3 6.67 3.33 0% 0% 429           3.33

Weight lbs Continuous 10 5 3 5 1 2.00 5.00 2% 0% 1,500        2.97

Hold seal mmHg Continuous 400 300 200 300 24 4.17 4.17 0% 0% 31             4.01

1,960    

36

DPMO 54         

3.87

Performance

PPM Total

Opportunities

Sigma 


Final Scorcard

[image: image8.emf]PartsProcess Performance Total

PPM

1,316   1,300          1,960                    

4,576   

Opportunities

130      36               36                          

202      

DPMO

10         36               54                          

23        

Sigma

4.26 3.97 3.87

4.08


Business Justification (Final)


The third phase of the team’s business justification is now adjusted to account for all of the data and analysis from testing.  There are three different components to the business justification: Economic Analysis, Market Analysis and Strategic Analysis. All three of these points must be researched and planned out so that the new product will be accepted.  Things such as market and economic analysis can never be assumed and this information must be carefully used to create a proper plan of action. 
1. Economic Analysis Tool: 3-Point Estimates Inputs
· Total Labor Hours – 2000

· Labor Rate – $10./hour

· Other Direct Costs (ODC) – Cost of materials/ manufacturing/ advertisement - $50./unit

· Time to Develop – Project to be completed by mid December, 2003.

· Sales Price – 149.99

· Cost of Goods Sold (COGS) – $50.

· Incremental Sales Quantity per Year – 1000
Outputs

· Total Development Costs – $50,000.

· Profit per Unit – $99.99.

· Profit per Year – $99,990.00
· Break Even Point (Years) – seven months in first years

· Profit Margin (%) – 199%

2. Market Analysis Tool:  QFD

· Who are the customers? – any household in America, but also includes small stores and bakeries

· What does the customer want? – a dependable machine to increase the life of their bread

· Who is the competition? – at this time none, close to Food Saver

· What market share does the competition have? none

· How do our current offerings compare with the New Product idea? n/a

3. Strategic Analysis Tool:  Questions

· Is this New Product consistent with our Strategic Plan?  - Yes this product clearly covers our goals and is within our competency to make.

· Will it protect our market share? – we are a new company therefore we can only gain market share, however with this product we should be able to dominate the bread box market.

· Will it keep our competitors out? – unknown

· Can we develop intellectual property? – n/a

· What separates us from everyone else? – New concept w/ attractive features

· Will it cannibalize any existing sales? –no current products to cannibalize

After reviewing our Business Justification and our scorecard we had to make a few adjustments. After adjusting these two areas to our liking we achieved a sigma value of 4.26 sigma, which we found encouraging.  

As a group we feel that our bread box will meet and even surpass our initial goals.

 
Some areas that still could use improvement are durability and longevity. Our initial design is to make a plastic bread box, however a concern is that the plastic box may not be durable enough to withstand everyday usage in the kitchen. We will be able to answer this question when the prototype is made. Our second concern is the longevity of our pump and or gaskets or seals. We want a good product that lasts many years. Much like the plastic box, we will know more with a prototype.

Project Recommendation


This project has been an overwhelming success, and the machine has passed all of our expectations and far exceeds similar product of our competitors in quality, price and performance.  Feedback from our customers and those who have helped give input on the specifications of the product have been very high.  On the business end of things, the business justification speaks for itself that this product should make the company a huge profit. Along with our customers, we are very excited about the project and are looking forward to its release into the market.

Production Ready!

All risks for the project have been taken care of and the project is ready to go into the production faze.  Below is a list of possible risks on the project and how they were taken care of.  All risks are shown in green, showing that the risks have been taken care of as they arose. 

	Risk
	Action
	Who
	When
	Predicted Likelihood
	Predicted Impact
	Predicted Risk Priority

	Cost of box
	Materials were chosen with cost in mind and the total cost of the box was kept within the ISR
	Project Group
	Design phase
	1
	1
	1

	Scope Creep
	Project manager kept the project on track
	Project manager
	throughout project
	1
	1
	1

	Size of box
	Size of box was based on customer need and covered by the ISR
	Project Group
	Design phase
	1
	1
	1

	Weight
	Material were chosen with weight in mind
	Project Group
	Design phase
	1
	1
	1

	Bread in Refrigerator might last longer
	Prototype showed positive results
	Project Group
	Design phase
	1
	1
	1

	May not seal
	Prototype showed positive results
	Project Group
	Design phase
	1
	1
	1

	May not make a significant difference
	Prototype showed positive results
	Project Group
	Design phase
	1
	1
	1

	Lack of time
	Project manager kept the project on track
	Project manager
	throughout project
	1
	1
	1

	Might dry the bread out from repeated vacuuming
	Prototype showed positive results
	Project Group
	Design/verify phase
	1
	1
	1

	Too much noise
	Quiet sealer was chosen within ISR
	Project Group
	Design phase
	1
	1
	1

	Longevity
	Prototype showed positive results
	Project Group
	Design/verify phase
	1
	1
	1

	Energy efficiency
	Efficient sealing devices were chosen and efficiently used
	Project Group
	Design phase
	1
	1
	1

	Safety
	Standard warnings are placed on device and regulations followed
	Project Group
	Design phase
	1
	1
	1


Back to Optimization 

Although this product is ready for production, it does not mean that it could not be further optimized.  The current product meets all ISR and safety requirements.  If any further work were to be done on this device there would be more risks involved within the optimization not covered in the original risk mitigation document.

Risks involved with further optimization:

· Scope Creep 

· Lack of Funds

· Lack of time

· Upper management disagreements

Just like other risks these too can be dealt with through proper mitigation and planning. Other risks could arise due to specific component optimization.

Things that may need further optimized:

· Training factory workers

· Optimizing production

Plus/Delta of Team and Phase 2
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Sheet1

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Airpump		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		175		3.58

		Cutting Board (wooden)		in		Continuous		30		25		20		25		1		5.00		5.00		0%		0%		10		4.27

		Box Hinges		Turn Degrees		Continuous		180		135		90		135		12		3.75		3.75		0%		0%		150		3.62

		rubber seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

		Tubes		Yield		Discrete																				150		3.62

		Fittings		Yield		Discrete																				250		3.48

		Switch		Yield		Discrete																				125		3.66

		plastic molding		Yield		Discrete																				115		3.68

		knife		Yield		Discrete																				60		3.85

		brackets and bolts		Yield		Discrete																				100		3.72

		rubber feet		Yield		Discrete																				150		3.62

																		Parts

																		PPM Total								1,316

																		Opportunities								130

																		DPMO								10

																		Sigma								4.26





Sheet2

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Assembly		Yield		Discrete																				500		3.29

		Chamber Manufacturing		Yield		Discrete																				800		3.16

																		Process

																		PPM Total								1,300

																		Opportunities								36

																		DPMO								36

																		Sigma								3.97





Sheet3

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Noise		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		429		3.33

		Weight		lbs		Continuous		10		5		3		5		1		2.00		5.00		2%		0%		1,500		2.97

		Hold seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

																		Performance

																		PPM Total								1,960

																		Opportunities								36

																		DPMO								54

																		Sigma								3.87





Sheet5

		

						Parts		Process		Performance		Total

				PPM		1,316		1,300		1,960		4,576

				Opportunities		130		36		36		202

				DPMO		10		36		54		23

				Sigma		4.26		3.97		3.87		4.08
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Sheet1

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Airpump		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		175		3.58

		Cutting Board (wooden)		in		Continuous		30		25		20		25		1		5.00		5.00		0%		0%		10		4.27

		Box Hinges		Turn Degrees		Continuous		180		135		90		135		12		3.75		3.75		0%		0%		150		3.62

		rubber seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

		Tubes		Yield		Discrete																				150		3.62

		Fittings		Yield		Discrete																				250		3.48

		Switch		Yield		Discrete																				125		3.66

		plastic molding		Yield		Discrete																				115		3.68

		knife		Yield		Discrete																				60		3.85

		brackets and bolts		Yield		Discrete																				100		3.72

		rubber feet		Yield		Discrete																				150		3.62

																		Parts

																		PPM Total								1,316

																		Opportunities								130

																		DPMO								10

																		Sigma								4.26





Sheet2

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Assembly		Yield		Discrete																				500		3.29

		Chamber Manufacturing		Yield		Discrete																				800		3.16

																		Process

																		PPM Total								1,300

																		Opportunities								36

																		DPMO								36

																		Sigma								3.97





Sheet3

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Noise		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		429		3.33

		Weight		lbs		Continuous		10		5		3		5		1		2.00		5.00		2%		0%		1,500		2.97

		Hold seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

																		Performance

																		PPM Total								1,960

																		Opportunities								36

																		DPMO								54

																		Sigma								3.87





Sheet5

		

						Parts		Process		Performance		Total

				PPM		1,316		1,300		1,960		4,576

				Opportunities		130		36		36		202

				DPMO		10		36		54		23

				Sigma		4.26		3.97		3.87		4.08
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Sheet1

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Airpump		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		175		3.58

		Cutting Board (wooden)		in		Continuous		30		25		20		25		1		5.00		5.00		0%		0%		10		4.27

		Box Hinges		Turn Degrees		Continuous		180		135		90		135		12		3.75		3.75		0%		0%		150		3.62

		rubber seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

		Tubes		Yield		Discrete																				150		3.62

		Fittings		Yield		Discrete																				250		3.48

		Switch		Yield		Discrete																				125		3.66

		plastic molding		Yield		Discrete																				115		3.68

		knife		Yield		Discrete																				60		3.85

		brackets and bolts		Yield		Discrete																				100		3.72

		rubber feet		Yield		Discrete																				150		3.62

																		Parts

																		PPM Total								1,316

																		Opportunities								130

																		DPMO								10

																		Sigma								4.26





Sheet2

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Assembly		Yield		Discrete																				500		3.29

		Chamber Manufacturing		Yield		Discrete																				800		3.16

																		Process

																		PPM Total								1,300

																		Opportunities								36

																		DPMO								36

																		Sigma								3.97





Sheet3

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Noise		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		429		3.33

		Weight		lbs		Continuous		10		5		3		5		1		2.00		5.00		2%		0%		1,500		2.97

		Hold seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

																		Performance

																		PPM Total								1,960

																		Opportunities								36

																		DPMO								54

																		Sigma								3.87





Sheet5

		

						Parts		Process		Performance		Total

				PPM		1,316		1,300		1,960		4,576

				Opportunities		130		36		36		202

				DPMO		10		36		54		23

				Sigma		4.26		3.97		3.87		4.08
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Sheet1

		Plus and Deltas for Enpi Team

		Plus		Delta

		DOE - liked the usefulness of the technique		Not enough times when entire group can meet

		Shared workload		CDR requirements unclear from lecture

		Motivated Teammates		Lack of examples

		No team arguments		Reduced time alloted for CDR combined with final project seemed too much

		Got things done on time		Vartran was not able to function or install

				total 5
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Sheet1

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Airpump		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		175		3.58

		Cutting Board (wooden)		in		Continuous		30		25		20		25		1		5.00		5.00		0%		0%		10		4.27

		Box Hinges		Turn Degrees		Continuous		180		135		90		135		12		3.75		3.75		0%		0%		150		3.62

		rubber seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

		Tubes		Yield		Discrete																				150		3.62

		Fittings		Yield		Discrete																				250		3.48

		Switch		Yield		Discrete																				125		3.66

		plastic molding		Yield		Discrete																				115		3.68

		knife		Yield		Discrete																				60		3.85

		brackets and bolts		Yield		Discrete																				100		3.72

		rubber feet		Yield		Discrete																				150		3.62

																		Parts

																		PPM Total								1,316

																		Opportunities								130

																		DPMO								10

																		Sigma								4.26





Sheet2

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Assembly		Yield		Discrete																				500		3.29

		Chamber Manufacturing		Yield		Discrete																				800		3.16

																		Process

																		PPM Total								1,300

																		Opportunities								36

																		DPMO								36

																		Sigma								3.97





Sheet3

		Parameter		Units		Discrete or Continuous		USL		Target		LSL		Mean		Stdev		Zl		Zu		pl		pu		PPM Defective		Zt (Sigma Score)

		Noise		db		Continuous		60		50		30		50		3		6.67		3.33		0%		0%		429		3.33

		Weight		lbs		Continuous		10		5		3		5		1		2.00		5.00		2%		0%		1,500		2.97

		Hold seal		mmHg		Continuous		400		300		200		300		24		4.17		4.17		0%		0%		31		4.01

																		Performance

																		PPM Total								1,960

																		Opportunities								36

																		DPMO								54

																		Sigma								3.87
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						Parts		Process		Performance		Total

				PPM		1,316		1,300		1,960		4,576

				Opportunities		130		36		36		202

				DPMO		10		36		54		23

				Sigma		4.26		3.97		3.87		4.08
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Sheet1

												Risk Priority Number		Design Modification		Predicted Likelihood		Predicted Impact		Predicted RPN

		Doesn't Hold Seal		5		Valve breaks		4		5		100		Robust seal		2		5		50

				5		Seal/gasket fails		4		5		100		Double seal		2		5		50

		Too Small for Bread		5		Poor initial measurements		2		5		50		Design large enough for multiple bread types		2		5		50

		Door doesn't open/close easily		4		Poor hinges/latch		2		5		40		Functional testing		2		3		24

				4		Sticky seal		3		4		48		Abuse/functional testing		2		3		24

				4		Vacuum not released		3		5		60		Improved valve		2		3		24

		Fragile - breaks if dropped		4		Weak casing		3		5		60		Reduce number of small parts		2		2		16

				2		No little rubber feet		1		1		2		Add rubber feet		2		1		4

				5		Insufficient testing/weak seal		3		5		75		Flexible seal		2		3		30

		Exterior doesn't stay clean		3		Bad texture on surface		2		3		18		Nonstick/easy-to-clean surface		1		1		3

				3		Wrong color/pattern		2		3		18		Design that hides stains/dirt		1		1		3

		Too heavy		4		Casing/material too heavy		2		5		40		Lighter materials, plastic or aluminum		2		2		16

				3		Designed too strong		2		3		18		Smallest pump possible		2		2		12

		Unattractive		5		Wrong size/shape/color		3		4		60		Customer surveys/feedback		2		3		30

				4		Insufficient customer feedback		3		4		48		Wide selection of designs		2		3		24

		Too noisy		5		Pump wears out		3		5		75		Choose pump based on noise in addition to performance		2		5		50

				4		Insufficient noise insulation		3		4		48		Insulate pump, muffler/silencer		2		5

		Short lifetime		5		Cheap parts		3		5		75		Functional/abuse testing		2		4		40

				5		Pump too weak for job		3		5		75		Choose properly rated pump for performance needs		1		3		15
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