
Team #5 Preliminary Design Review

Summary of the Create Phase 

This phase was marked by an improvement in assigning tasks within the group.  The tasks were divided as follows:

Everyone:
Pugh Concept selection.

Haider:
Responsible for finishing the Business Justification from the Identify phase, and determining the scorecard estimates for this phase.

Anesh:
Responsible for finishing the Risk Mitigation from the Identify phase.

Roberto:
Responsible for the gathering data for the Kano survey, competitive analysis and the rapid prototyping.

Casey:
Responsible for the Failure Mode Effects Analysis (FMEA).

Brian:
Responsible for the completed QFD (Kano analysis, Critical-To-Quality (CTQ) metrics, target specifications), and the Input Specifications.

As a group we selected the best concept -- a 12-kilowatt backup generator with two distinguishing features. The first of these features is an option to use the generator as a portable unit.  The second feature is an uninterruptible power supply module. These features were determined “Attractive” in the Kano Analysis.  The competitive analysis showed that competitors generally do not offer these features. 

Finally, we present a “plus-delta” analysis of our progress as a team.

Create Phase

The following five sections, Pugh Concept Selection (PCS), Quality Function Deployment (QFD),  Input Specifications, Failure Mode Effects Analysis (FMEA), Rapid Prototyping, and Scorecard describe the Create phase of our project.

Pugh Concept Selection

We met as a team to complete this process.  The results are shown in the Table 1. We determined that the Fuel Cell concept was attractive, but likely too expensive with current technology.  The battery backup concept is great for quiet operation, but also very large and expensive for such high output (lots of batteries and heat sinks). The “best concept” is a hybrid concept of the Datum that includes some additional main features that were spawned by the Gemba/Kano exercises. These are underlined in the list of features for the best concept (below).
Major features of Datum concept:

· 12 KW continuous at 115 VAC.

· No surge/overload capacity

· 12 second delay after loss of public utility power

· Two-fuel engine (LP gas, or natural gas)

· Permanent installation (not portable)

· Industrial appearance

Major Features Best Concept:

· 12 KW continuous at 115 VAC.

· 12 KW of surge or temporary overload capacity

· Overload warning signal

· Uninterruptible power to the home (12 KW maximum)

· Three-fuel engine (LP gas, natural gas, or gasoline)

· Can be converted to a portable unit

· Attractive exterior enclosure

Table 1: Pugh Concept Selection
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Quality Function Deployment

The QFD process is summarized in this section. The Kano analysis helped us determine the priorities for the customer outcomes. The competitive analysis indicates what features give us the best competitive edge.  The CTQ metrics will ensure that we meet the customer outcomes that were determined most important by the Kano analysis and the Competitive analysis. Finally, the Input specifications were determined for each of the customer outcomes.

Kano Analysis

Input from our Kano survey helped us identify the highest-priority product attributes from the customer perspective. We were only able to interview approximately 12 individuals.  Figure 1 shows the customer priority of each outcome. Not surprisingly, the “Must-Have” outcomes are high reliability, and output that will not damage appliances.  One unexpected result of the survey was with respect to the cost of the unit.   While we expected this to be a “one-dimensional” need (the lower the better), the survey showed most people were either “indifferent,” or the unit was “attractive” at or under $2000. A possible reason for this anomaly is that people expect to pay somewhat more than $2000 for a household backup generator. If we can offer a unit that is close to that price, perhaps a good marketing campaign would yield a large amount of sales.  
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An interesting observation: people tend to give different answers to each question depending on whether the dysfunctional or the functional form of the question for an outcome was asked first.  We chose to ask the dysfunctional question first. In this order, the attractive needs stand out more. 

Figure 1: Customer Importance for Each Outcome

Table 2: Kano Questions (dysfunctional and functional)

	Customer Outcomes
	How do you feel about a residential power generator if…

	Won't damage my appliances
	...the generator does not protect your appliances from damage (over/under voltage).

	
	...the generator protects your appliances from damage (over/under voltage).

	Automatic transfer of power
	...you must manually start the generator and switch on the power.

	
	...the generator automatically starts and switches on the power.

	High Reliability
	…the generator doesn't operate under certain adverse conditions (for example, cold weather)

	
	...the generator starts in all possible adverse conditions.

	Good Customer Support
	…you must ask the retail dealer for support if the generator has problems.

	
	…direct factory support for generator problems is available.

	Low cost
	...the generator costs more than $2000.

	
	...the generator costs less than $2000.

	Sufficient power for house
	…if the generator capacity is only sufficient for a few essential circuits.

	
	…if the generator can supply enough power for all circuits in the home.

	Quiet operation
	…if the generator operates loudly enough to hear easily in your home.

	
	…if the generator operates quietly enough that it is difficult to hear it in your home.

	Portability
	…if the generator must be permanently installed.

	
	…if the generator can also be used as a portable unit.

	Fuel efficient
	…if the generator is not fuel-efficient.

	
	…if the generator is fuel-efficient.

	Hard to steal
	…if the generator has no theft-deterrent devices.

	
	…if the generator has theft-deterrent devices

	Uninterruptible
	…if the generator does not give uninterrupted power (15 second gap) in an outage.

	
	…if the generator gives uninterrupted power immediately in an outage.

	Surge protected
	…if the generator is not protected from damage from power grid surges.

	
	…if the generator is protected from damage from power grid surges.

	Self-protection shutdown warning feature
	…if the generator gives no warning before shutting itself down. (Excess current demand, low fuel, etc.)

	
	…if the generator gives a warning before shutting itself down 

	Easy to maintain
	...a professional must do the routine maintenance.

	
	...you can easily do routine maintenance yourself.

	Low maintenance
	...routine maintenance must be done every month.

	
	...routine maintenance must be done only once per year.

	Easy to install
	…a professional must do the installation.

	
	...you can easily install the generator yourself.

	Pet-Proof
	…if you must install a pet-proof barrier

	
	…if the generator has a pet-proof design.

	Child-proof
	…if you must install a child-proof barrier.

	
	…if the generator has a child-proof design.

	Out of sight
	…if the generator is difficult to disguise or hide from view.

	
	…if the generator is easy to disguise or hide from view.

	Appealing Appearance
	…the generator enclosure has an "industrial" appearance.

	
	…if the generator enclosure has attractive styling.


Table 3: Kano Need Type by Customer Outcome

	Customer Outcomes
	Need Type (majority)

	Portability
	Attractive

	Uninterruptible
	Attractive

	Sufficient power for house
	One-Dimensional

	Overload shutdown warning feature
	Attractive

	Out of sight
	Attractive

	Appealing Appearance
	Attractive

	Hard to steal
	Attractive

	Good Customer Support
	Attractive

	Quiet operation
	Attractive

	Surge protected
	One-Dimensional

	Low cost
	Indifferent

	Easy to install
	Indifferent

	Fuel efficient
	One-Dimensional

	Low maintenance
	Indifferent

	Easy to maintain
	Indifferent

	Won't damage my appliances
	Must-Have

	High Reliability
	Must-Have

	Child-proof
	Attractive

	Automatic transfer of power
	Attractive

	Pet-Proof
	Attractive


Competitive Analysis

We choose 9 competitors to establish how we ranked and which of all of the customer outcomes we could make an impact. Our first step was to establish a baseline generator to measure from. Therefore taking into account the customer outcomes, we choose a unit capable of delivering 12KW of power. In general, all of our research was done over the internet and our choice prove to be effective as most all of the generator manufacturers provided everything from company merchandise to detail specs of their products. Detail specs made it easy to identify 50-70% of our data. Pricing prove to be a chore since most of the manufacturers defer to local distributor web sites for their pricing; emailing was used to obtain quotes from the different distributors. After ranking the competitors the following was concluded (see Table 4):
1)
None of the competitors had units that would provide immediate power to the user; they all could only guarantee power supply anywhere from 1 to 12 minutes after automatic transfer

2)
For the target power, none seemed to recommend a portable unit

3)
Appearance could be exploited to our advantage

Table 4: Best In Class Comparison
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Figure 2: Improvement Priorities Based on Kano
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Figure 3: Customer Importance Matrix
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Figure 4: Critical-To-Quality Priorities
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Figure 5: Competitive Benchmark Results
Input Specifications

The specifications for each CTQ (Critical-to-Quality) metric are given in the in the tables below. These CTQ’s are sorted by their relationships to Quality, Cost, Delivery, Safety, and Morale (QCDSM).  In this case, Morale is with respect to customer satisfaction. 

In most cases where the improvement priority is low, we will try to match competitor’s specifications.  For features that we identified as a high priority, our specifications will be somewhat better than the competition.  For example, most residential generators do not have an overload warning, overload capacity, uninterruptible operation, or portability.
Major features of this concept:

· 12 KW continuous at 115 VAC.

· 12 KW of surge/overload capacity

· Overload warning signal

· Uninterruptible power to the home (12 KW maximum)

· Three-fuel engine (LP gas, natural gas, or gasoline)

· Can be converted to a portable unit

· Attractive exterior enclosure

Quality

	Requirement
	Best Case
	Desired - Expected
	Worst Case

	Reliability (MTBF)
	140K hours
	100K hours
	71K hours

	Surge Protected
	>600 Joules
	600 Joules
	400 Joules

	Reserve (overload) Capacity
	>4 amp-hours
	4 amp-hours
	3.3 amp-hours

	
	> 15 seconds at 12 KW
	15 seconds at 12 KW
	12 seconds at 11KW

	Sufficient Power
	>14 KW continuous
	12 KW continuous
	11KW continuous

	Uninterruptible
	> 4 AH
	4 AH
	3.3 AH

	
	>15 sec. duty cycle 
@ 12 KW
	15 sec. duty cycle 
@ 12 KW
	12 sec. duty cycle 
@11 KW

	
	< 0.05 sec interruption
	0.05 sec interruption
	0.08 sec interruption

	Portability 
(time to remove and use)
	> 7 min
	7 min
	12 min


Cost

	Requirement
	Best Case
	Desired - Expected
	Worst Case

	Profit Margin
	> $800
	$800
	$100

	Cost to manufacture
	<2200
	2200
	>4400

	Warranty cost
	<$5 / unit
	$5 / unit
	>$50 / unit

	Liability insurance cost
	<$1 / unit
	$1/unit
	>$5 / unit


Delivery

	Requirement
	Min Acceptable
	Expected
	Max Acceptable

	Identify phase
	2 weeks
	3 weeks
	4 weeks

	Define and Develop phase
	3 weeks
	3 weeks
	3 weeks

	Optimize and Validate phase
	3 weeks
	4 weeks
	5 weeks


Safety

	Requirement
	Best Case
	Expected
	Worst Case

	Child Proof / Pet Proof
	100% childproof
	100% childproof
	99% childproof

	Voltage Stability
	< +/-1%
	+/- 2%
	+/- 3%

	Safety Endorsements
	UL, CSA, and others
	UL and CSA
	UL only

	Liability Insurance
	>$1M / claim
	$500K / claim
	$300K / claim


Morale (Customer Satisfaction)

	Requirement
	Best Case
	Expected
	Worst Case

	Limited Warranty
	5 years
	3 years
	2 years

	Reliability (MTBF)
	140K hours
	100K hours
	71K hours

	Good customer support
	0 minutes wait time
	< 1 minutes wait time
	8 minutes wait time

	Quiet Operation
	< 60 db at 23 feet
	60 db at 23 feet
	70 db at 23 feet

	Appealing Appearance
	100% preferred vs. comp.
	75% preferred vs. comp.
	50% preferred vs. competition

	Theft deterrent
	> 30 minutes
	30 minutes
	20 minutes

	Retail Price
	< $3000
	$3000
	> $4500

	Portability (time to remove and use)
	> 7 min
	7 min
	12 min

	Easy to Hide
	> 2 locations
	2 locations
	1 location

	Low maintenance
	< Once per year
	Once per year
	Twice per year

	Easy to Maintain
	< 15 minutes
	15 minutes
	30 minutes

	Uninterruptible
	> 4 AH
	4 AH
	3.3 AH

	
	>15 sec. duty cycle
	15 sec. duty cycle
	12 sec. duty cycle

	
	< 0.05 sec interruption
	0.05 sec interruption
	0.08 sec interruption

	Overload Shutdown Warning
	> 15 seconds at max. load
	15 seconds at max. load
	12 seconds at max. load

	Sufficient power
	> 12 KW continuous (24 KW for 15 sec)
	12 KW continuous (24 KW for 15 sec)
	11 KW continuous (22 KW for 12 sec)


Failure Mode Effects Analysis

Table 5: Failure Mode Effects Analysis
	Failure Effect (Not Achieving Customer Need or CTQ)
	Severity of Effect
	Causes of Effect
	Likelihood of Cause Occurring
	Impact if Cause Occurs
	Risk Priority Number
	Design Modification
	Predicted Likelihood
	Predicted Impact
	Predicted RPN

	Slow Delivery
	1
	Customizations before Producing
	2
	2
	4
	Easy/Minimal Customizions 
	1
	1
	1

	Not Powerful Enough
	5
	House is Too Big
	2
	5
	50
	Choose Generator w/ More Peak and Continuous Watt Power
	1
	2
	10

	Not Easy to Maintain
	4
	Complex/Many Features
	2
	4
	32
	User Manual, Easy to Follow Maintenance Guide
	1
	2
	8

	High Maintenance
	3
	Low Reliability/Dependent
	3
	3
	27
	Use Robust Design Techniques
	2
	2
	12

	Hard to Hide
	1
	Too Bulky
	4
	2
	8
	More Compact
	3
	2
	6

	Not Portable/Hard to Move
	4
	Too Heavy
	4
	3
	48
	Use More Light-Weight Materials
	3
	2
	24

	
	4
	Too Large
	3
	4
	48
	More Compact
	2
	2
	16

	Too Expensive: Initial Cost
	4
	Parts Cost Too Much/Labor
	4
	3
	48
	Use Good Quality Used Parts
	3
	3
	36

	Too Expensive: Fuel Usage
	4
	Type of Energy/Fuel Used
	3
	4
	48
	More Fuel Efficient
	2
	2
	16

	Too Noisy
	2
	Type of Energy/Fuel Used
	4
	2
	16
	More Fuel Efficient
	2
	2
	8

	
	2
	Case Too Thin
	5
	1
	10
	Case More Sound-Proof
	2
	1
	4

	
	4
	Location: Too Close to Bedroom
	3
	3
	36
	Versatility in Location
	2
	2
	16

	Minimal Warranty
	2
	Warranty Claims Cost Too Much
	2
	3
	12
	Lots of Quality Testing to Ensure Reliability
	1
	2
	4

	Low Reliability
	4
	Low Quality/Used Parts
	2
	4
	32
	Newer/Higher Quality Parts
	2
	2
	16

	Poor Customer Support
	2
	Personnel too busy to handle calls
	1
	3
	6
	More Support Personnel
	1
	1
	2

	Unappealing Appearance
	1
	Low Creativity
	3
	1
	3
	Aesthetically Pleasing w/ Different Styles
	1
	1
	1

	Easy to Steal
	4
	Not Secured to Ground or House
	1
	5
	20
	Key Lock to Ground
	1
	2
	8

	Not Uninterruptible (UI)
	3
	High Power UI Too Expensive
	5
	5
	75
	Low Duty Cycle Design
	2
	3
	18

	Hard Initial Setup
	3
	Complicated User Manual
	3
	3
	27
	Detailed, Easy to Understand Manual
	1
	2
	6

	Not Child-Proof/Pet-Proof
	5
	No Safety Designs
	2
	5
	50
	Protective Covers Over Buttons/Unsafe Areas
	1
	3
	15


Rapid Prototyping

Since this is a complex device, we can only draw a concept for the first prototype. The basic concept is shown in Figure 6. Unfortunately, we had technical difficulties with a better CAD drawing that we couldn’t import to this report.
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Figure 6: One Concept Prototype
“Scorecard” Estimates

This scorecard gives our sigma values for the process and the performance for our product. I left out the parts sheet temporarily because the Excel template has no formulas and we are deciding on what parts to build and which to buy.

Table 6: Parts Scorecard
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Table 7: Process Scorecard
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Table 8: Performance Scorecard
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0.57

39%

28%

671,403

            

 

-0.44

portability (time to install)

min

Continuous

12

7

6

8

2

1.00

2.00

16%

2%

181,405

            

 

0.91

Mode A

Yield

Discrete

23

                     

 

4.08

Mode B

Yield

Discrete

5,000

                

 

2.58

Mode C

Yield

Discrete

120

                   

 

3.67

Mode D

Yield

Discrete

80,000

              

 

1.41

Mode E

Yield

Discrete

5

                       

 

4.42

2,094,110

    

 

450

DPMO

4,654

           

 

2.60

Performance

PPM Total

Opportunities

Sigma 


Plus Delta:

This process helps us assess “plusses” and the “opportunities for improvement” for our team and project.

	Plus
	Delta

	We have a good time when we get together.
	We cannot get together often enough.

	The project is interesting.
	The project is perhaps too ambitious for our current technical abilities.

	Teamwork has the potential to help us learn.
	The workload is often unevenly balanced among the team members.

	Efficient work time.
	The project requirements are hard to depict.

	Group is fun and dandy.
	Templates hard to follow.

	Group members easy to get along with
	It is difficult for the group to get together.

	Work together
	Group communication due to other engagements.

	The process is interesting.
	Sometimes it is hard to get assignments done because information/tools aren’t fully understood.
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