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Introduction

The PDR, Preliminary Design Review, is the second phase gate for eNPI (New Product Introduction) Six Sigma training for GE 290 at Cogswell College.

The Basic Milestones are:

· QFD

· IS Document

· PCS

· FMEA

· Rapid Prototyping

· Scorecard

QFD
This portion was undoubtedly the most difficult. Much data is missing from the VOC.
NASI (North American Scientific, Inc.) spent very little time determining the extent at which this option required feedback from actual users. They simply set about mimicking the competition and spent very little time consulting with users and the customer (Varian, Inc.). Team spent some time searching the competition to no avail. One team member was able to contact a few sales reps, a technician and an engineer to obtain feedback. This proved valuable and is reflected in the overall project.
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Barzell-Whitmore

B-K Medical Systems

Upgrade cost less that $5000 4.60 6.99 13.85 Must-Have 100% 0% 3 3 9 1 3 3 3 7 5

Has linear and angular outputs 5.00 8.03 9.85 Must-Have 50% 50% 0 9 0 0 0 0 0 9 9

Compatible with other software 1.40 3.01 9.79 Must-Have 100% 0% 0 1 0 0 0 9 1 9 7

Can replace defective parts 1.80 5.07 8.87 Indifferent 50% 50% 0 1 9 3 9 9 3 9 6

Can be easlily cleaned 4.20 8.03 8.27 Must-Have 75% 25% 0 3 9 9 9 1 1 7 7

Connects to current OR equip. 3.40 8.05 6.63 Attractive 25% 75% 0 3 0 1 0 9 9 8 9

Is easy to use 2.20 8.05 4.29 Attractive 50% 100% 0 3 3 3 3 3 3 5 6

Has a low physical profile 3.80 9.01 3.76 Indifferent 25% 25% 0 0 9 9 9 1 9 8 7

Stays out of the way of user 3.00 8.99 3.03 Attractive 0% 50% 0 1 9 3 9 1 3 5 8

Compatible with existing probe 2.60 9.01 2.57 Must-Have 75% 25% 0 0 9 3 9 0 9 10 10

Overall Ability Score 78%   7% 33% 59% 29% 46% 47% 35% 79% 70%

8 9 8 6 7 9 8

8 8 5 7 6 9 6
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PROJECT: 

Suggested Sources: QFD, Competitive Product, Industry Knowledge, Organizational Philosophy, Marketplace Expectations, Technical Considerations, Congruency with STRAP, Economics, and Safety.

Areas of Consideration: QCDSM – Quality (technical), Cost, Delivery (dates needed), Safety, and Morale.

Quality

	Requirement
	Best Case
	Desired - Expected
	Worst Case

	Accurate linear encoder
	Accurate to ±1mm
	Accurate to ±5mm
	Greater than ±10mm

	Accurate angular encoder
	Accurate to ±0.1°
	Accurate to ±.5°
	Greater than ±1°

	Concentricity of angular magnetic ring housing
	Concentric to ±.5mm
	Concentric to ±1mm
	Concentricity greater than ±1mm

	
	
	
	


Cost

	Requirement
	Best Case
	Desired - Expected
	Worst Case

	Total upgrade less than $5K
	Sell at about $4K
	Sell at $5K
	Sell price of +$6K

	
	
	
	


Delivery

	Requirement
	Min Acceptable
	Expected
	Max Acceptable

	Prototype ready for Varian
	December 31, 2003
	December 31, 03
	January 15,2003

	
	
	
	


Safety

	Requirement
	Best Case
	Expected
	Worst Case

	Consistent encoding
	Feedback to computer works every time
	Same as best case
	Fails more than once

	Cables don’t interfere with user
	Cables placed completely out of the way
	Cables out of the way
	Cable interferes with user

	
	
	
	


Morale

	Requirement
	Best Case
	Expected
	Worst Case

	Complete CDR
	Complete before 12/15/03
	Complete on 12/15/03
	It’s late

	
	
	
	


PCS – Pugh Concept Selection
With only three choices for accomplishing the design goals, Pugh selection was not too difficult. As a matter of fact, the magnetic encoders seem to be the only choice. This seems to contrast the amount of time and effort spent at NASI in choosing which system to design around. The lead engineer’s first foray into encoders turned up the optical choice. After considerable time spent in finding the right vendor, another engineer asked if magnetic would be a viable choice. It seems that risk mitigation or a more thorough search into the competition would have ferreted out that possibility.
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DATUM 1 2

Goals Magnetic Encoders Analog Encoders Optical Encoders

Easy to use 0 -1 0

Connects to current OR equipment 0 -1 0

Stays out of the way of the user 0 0 0

Low physical profile 0 0 -1

Linear and angular outputs 0 0 0

Replaceable parts 0 0 0

Easily cleaned 0 0 -1

Compatible with existing probe 0 0 0

Compatible with other software 0 -1 0

Upgrade cost less than $5000 0 0 -1

+ +0 +0 +0

- -0 -3 -3

 0 -3 -3

Best Case

Magnetic Encoders Can be easily cleanded None

None

Major Strengths Major Weaknesses

Hybrid Concepts



FMEA – Failure Modes and Effects Analysis

FMEA was performed finding only one failure effect at a high risk and two failure effects being moderate.

While the use of the encoder system was limited to the Varian software, we recognized that the device had the potential to be connected to other equipment. With proper product description, the likelihood of this occurring should be all but eliminated. The FDA governs proper validation in the CFR (Code of Federal Regulations) and therefore product labeling will be fully disclosed.
Damage to the polring (magnetic ring used with the encoder) was noted in the risk analysis. Further analysis indicated that protecting the polring would be valuable and would eliminate the dependence on the operator absorbing all the information imparted in the DFU (Directions For Use), thus removing most of the chance for damage.
Encoder malfunction was also seen in the risk analysis. With a good design, improper connection can be mitigated
FMEA would be a good tool to use as a standard risk analysis that would allow a more in-depth look at the possible risks associated with a given design.

Care must be taken so that an FMEA is not too weak or too time consuming in a given design. Time must be spent on economies of scale with FMEA. Many software packages on the market are targeted to specific industries and are therefore extremely in-depth in their scope. Some projects can withstand a very basic analysis at the onset of the design, but may require a greater level of detail the closer to prototyping or production.
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Failure Effect (Not Achieving 

Customer Need or CTQ)

Severity 

of Effect

Causes 

of Effect

Likelihood 

of Cause 

Occurring
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Cause 

Occurs

Risk Priority 

Number Design Modification

Predicted 

Likelihood

 Predicted 

Impact 

Predicted 

RPN

Software dependent Limited to Varian software

5 1 4 5

100

Product description 1 5

25

Dropping polring

Damage to polring 5 2 3 5

75

Protect polring 2

5

50

Misalignment of encoders after 

removal and reattachment

Encoder(s) do not function

5 2 3 4

60

Simplify connection 2

3

30

Improper disassembly

Damage to encode(s)

5 2 2 4

40

Simplify instructions 1 4

20

Improper cleaning Inconsistant readout

5 2 2 3

30

Cleaning label 1 3

15

Cables too short

Won't attach to computer

5 1 2 3

30

Coiled cables 1 3

15

Proximity to MRI

Inconsistant readout

5 2 1 5

25

Warning label 1 5

25


Rapid Prototyping

This part was the most interesting. The design group at NASI has created a working prototype that will be used in team sixes presentation on December 15th. Each team member has visited the offices of NASI and has been through a short orientation of the product. 
The image shown below shows most of the items used in the working prototype. The pink parts are representative of the encoders. The top light blue item is the housing for the magnetic polring used by the angular encoder. The long dark blue item will hold the magnetic strip for the linear encoder.
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Scorecard
The scorecard for the encoders was based upon parts and processes only.

A single prototype part was measured for machining accuracy

The encoder outputs for linear and angular feedback were measured to obtain process data for verification.
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PPM

6,043,930               4,760,803    900,000,000     93,125                  

10,897,858       

Opportunities

150                          223              145,000            450                       

823                   

DPMO

40,293                     21,349         6,207                207                       

13,242              

Sigma

1.75 2.03 2.50 3.53

2.22


Addendum

Plus Delta Matrix on Team 6
	Plus
Intelligent team members
Understands concepts

Work well in class together
Respectful and understanding
Good mix of disciplines (mechanical, 
computer science and electronics)


	Negative
Poor communications
Lack of focus
Difficult to get in touch with
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