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Where in the Process?Where in the Process?Where in the Process?Where in the Process?
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Phase A: Design Problem Analysis



Project Tools CoveredProject Tools CoveredProject Tools CoveredProject Tools Covered

Quality Function DeploymentQuality Function Deployment
– A mechanism to ensure that the customer 

needs drive the entire product design andneeds drive the entire product design and 
production process in the company, 
including market planning, product design 

d i i d l t dand engineering, process development and 
prototype evaluation, as well as production, 
sales, and service. sa es, a d se ce

(Lumsdaine et al., 2006)
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Quality Function DeploymentQuality Function DeploymentQuality Function DeploymentQuality Function Deployment

 “Relating the voice of customer to design and Relating the voice of customer to design and 
manufacturing decisions”

QualityQuality 
– Satisfies the total needs of the customers

Measure of qualityMeasure of quality 
– Difference between what the customers expect 

and what is provided
 Deployment of quality 

– All phases of a product’s life-cycle
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Quality Function DeploymentQuality Function DeploymentQuality Function DeploymentQuality Function Deployment

Ensures(?) that the needs of theEnsures(?) that the needs of the 
customer are understood

Phil h d t tPhilosophy: products are customer 
driven, future products must offer 
“ iti lit ” thi k b f d“exciting quality,” think before you do

Tool: House of Quality, NOT a magic 
box
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What Is QFD?What Is QFD?What Is QFD?What Is QFD?

Quality function deployment (QFD) is aQuality function deployment (QFD) is a 
continuous improvement tool that brings the 
voice of the customer into the design processvoice of the customer into the design process

 It is a very structured team approach to 
quality control that offers many opportunities q y y pp
for creative thinking and brainstorming to 
achieve products that do not have any 
defects

 It is a comprehensive data base for 
ti i t d i ti
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continuous improvement and innovation
(Lumsdaine et al., 2006)



QFD Seeks to Answer …QFD Seeks to Answer …QFD Seeks to Answer …QFD Seeks to Answer …

What are the qualities the customerWhat are the qualities the customer 
desires?

fWhat functions must the product serve, 
and what functions must we use to 

id h d i ?provide the product or service?
Based on our available resources, how 

can we best provide what our customer 
wants?
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(Lumsdaine et al., 2006)



HistoryHistoryHistoryHistory

 Early ‘60’s (Demming) in US Early 60 s (Demming) in US
 1971:  Kobe shipyards (Mitsubishi) and 

Japanese Society of Quality ControlJapanese Society of Quality Control
 1980’s: Toyota - customer values
 Xerox 1980’s and Ford 1984 Xerox 1980 s and Ford 1984
 Toyota’s famous rust study in 1978 was the 

result of QFD pointing to rust as a majorresult of QFD pointing to rust as a major 
competitive disadvantage for the company, 
with many complaints
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Benefits of QFDBenefits of QFDBenefits of QFDBenefits of QFD

Shorter development cyclesShorter development cycles
Trade-offs are made in design, rather 

than in the market
Lower costs, increased productivity
Documentation orientation
Team involvement and commitment atTeam involvement and commitment at 

the design stage
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(Lumsdaine et al., 2006)



QFD: Key PointsQFD: Key PointsQFD: Key PointsQFD: Key Points

Design how do our capabilities matchDesign – how do our capabilities match 
the customers' needs?

ffDesign – what trade-offs do we make in 
design?

Process planning – key processes are 
identified in the process planning matrix

Production planning – key process 
control items are identified in the 
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production planning charts
(Lumsdaine et al., 2006)



QFD PhasesQFD PhasesQFD PhasesQFD Phases

Translate VOC through productTranslate VOC through product 
development

Requirements to metrics to part 
characteristics to process control to 

d i l iproduction planning
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QFD: The Visual Planning MatrixQFD: The Visual Planning MatrixQFD: The Visual Planning MatrixQFD: The Visual Planning Matrix

 The House of Quality (the first of four The House of Quality (the first of four 
QFD matrices) links

C– Customer Requirements
– Design Requirements 
– Target Values
– Competitive PerformanceCompetitive Performance
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(Lumsdaine et al., 2006)



House of QualityHouse of QualityHouse of QualityHouse of Quality
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Phase I Phase I 
ExampleExample
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Customer RequirementsCustomer RequirementsCustomer RequirementsCustomer Requirements

Engineering Metrics
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TheThe Customers’ VoiceCustomers’ VoiceTheThe Customers  VoiceCustomers  Voice

From Weighted User RequirementsFrom Weighted User Requirements
– Solicited information

U li i d i f i– Unsolicited information
– Quantitative information
– Qualitative information
– Structured information
– Random information
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(Lumsdaine et al., 2006)



Requirements ImportanceRequirements ImportanceRequirements ImportanceRequirements Importance
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Requirements BenchmarkingRequirements BenchmarkingRequirements BenchmarkingRequirements Benchmarking
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Requirements BenchmarkingRequirements BenchmarkingRequirements BenchmarkingRequirements Benchmarking

More customers more time moreMore customers, more time, more 
personal, more open-ended (with 
facilitation) leads to more knowledgefacilitation) leads to more knowledge

 Interviews, process participation 
( i l d i ) i i(service, sales, design), participant 
observation
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QFD ToolsQFD Tools

 Interrelationship diagram

QFD ToolsQFD Tools

 Interrelationship diagram
– Establishes relationships between and 

among causesa o g causes
Tree diagram

– Classification tree of the ideas in theClassification tree of the ideas in the 
affinity diagram

Matrix diagramg
– Maps the voice of the customer against 

the company capabilities required to 
meet the c stomer need
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(Lumsdaine et al., 2006)

meet the customer need



Relationships: Requirements versus Relationships: Requirements versus 
M iM iMetricsMetrics

HOWHOW

WHATWHAT

(L d i l 2006)
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Weak Medium StrongRelationships:
(Lumsdaine et al., 2006)



Engineering Metrics Engineering Metrics 
InteractionInteraction

CORRELATION 
MATRIXInteractionInteraction
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HOW MUCH
(Lumsdaine et al., 2006)



Relationships: Requirements versus Relationships: Requirements versus 
M iM iMetricsMetrics

Customer 
RequirementRequirement

Benchmarking

CONFLICT !CONFLICT !

COMPETITIVE ASSESSMENTS
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COMPETITIVE ASSESSMENTS
Engineering Metrics Benchmarking

(Lumsdaine et al., 2006)



When is a Conflicting Relationship a When is a Conflicting Relationship a 
Pl ?Pl ?Plus?Plus?

When conflicting requirements for anWhen conflicting requirements for an 
important product feature cannot be 
resolved this presents an opportunityresolved, this presents an opportunity 
for creative problem solving, the 
development of new technology anddevelopment of new technology, and 
subsequent innovation in company’s 
effort to achieve highest quality at theeffort to achieve highest quality at the 
lowest cost (Lumsdaine et al., 2006)
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Importance RatingImportance RatingImportance RatingImportance Rating

5
33
2
1
5
2

1

2
4
2

=  1

=  3 33     89      9    13    21    25    21   18
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IMPORTANCE RATING=  9
(Lumsdaine et al., 2006)



Establish the Company Measures (HOW’s)Establish the Company Measures (HOW’s)Establish the Company Measures (HOW s)Establish the Company Measures (HOW s)

Customer wants must be translated intoCustomer wants must be translated into 
characteristics that are measurable

These incorporate the design objectives 
or requirements

This is a crucial step in QFD, deserving 
major study and development, so that 
the voice of the customer is not lost and 
the design requirements truly reflect the 
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customer wants 
(Lumsdaine et al., 2006)



Conduct Technical Competitive Conduct Technical Competitive 
B h k S diB h k S diBenchmark Studies Benchmark Studies 

 Comparative testing of this type is normally Comparative testing of this type is normally 
done by a company’s laboratory

 The team should spend preparatory time with The team should spend preparatory time with 
the lab personnel who will conduct the study

 They need to be familiar with the company They need to be familiar with the company 
measures the team has established

 It may not be possible to develop data for all It may not be possible to develop data for all 
measures
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(Lumsdaine et al., 2006)



Complete Relationship Matrix of Customer Complete Relationship Matrix of Customer 
W t C MW t C MWants versus Company MeasuresWants versus Company Measures

This is a vital step in the QFD processThis is a vital step in the QFD process
Look for the direct relationship of how 

fwell the company measure satisfies the 
customer wants

The symbols used indicate a strong, 
medium, or weak relationship

Most teams find that filling the matrix in 
a column-wise manner works best   
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(Lumsdaine et al., 2006)



Establish Preliminary Targets for Establish Preliminary Targets for 
C MC MCompany MeasuresCompany Measures

Targets are the level of performanceTargets are the level of performance 
which the team believes is required to 
achieve customer satisfactionachieve customer satisfaction

Traditionally, design specifications 
fl h j d f h i dreflect the judgment of the engineer and 

include the capabilities of the 
f t imanufacturing process
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(Lumsdaine et al., 2006)



Complete the Correlation MatrixComplete the Correlation MatrixComplete the Correlation MatrixComplete the Correlation Matrix

Orientation values indicate the directionOrientation values indicate the direction 
for optimization

M i i (t il t th li bilit )– Maximize (tensile strength, reliability)
– Minimize (wear, fade, water leak amount)
– Target (material stretch, operating effort)
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Analysis of Completed QFD ChartAnalysis of Completed QFD ChartAnalysis of Completed QFD ChartAnalysis of Completed QFD Chart

 Blank rows Blank rows 
– No company measures address this customer 

want
– If it is important, identify design requirements

 Blank columns 
– These may be necessary for the product but do 

not directly relate to any customer want
f Q f– Remove from QFD matrix but reserve for 

subsequent use (see Column 12)
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(Lumsdaine et al., 2006)



Analysis of Completed QFD ChartAnalysis of Completed QFD ChartAnalysis of Completed QFD ChartAnalysis of Completed QFD Chart

ConflictsConflicts
– If your customer rates your product good, 

but your engineering competitivebut your engineering competitive 
assessment does not have a good rating, 
this could mean that you do not fullythis could mean that you do not fully 
understand your customer demand and 
competitive assessment, or you don’t have 
a strong relationship
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Quality Function Deployment Quality Function Deployment Q y p yQ y p y
(QFD) (QFD) –– Lunar PenetratorLunar Penetrator
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QFDQFD –– Tree DiagramTree DiagramQFD QFD Tree DiagramTree Diagram

Customer requirements are identifiedCustomer requirements are identified 
using pre-phase A documents and 
forming Affinity and Tree Diagramsforming Affinity and Tree Diagrams

Lunar Penetrator

Performance 
Requirements

Able to collect

Operational 
Requirements

Provide

Constraints

Able to collect 
soil sample of 1 

m
Able to survive 

Impact

Accommodate 
Payload Protect Payload

Transmit data
Provide 

sufficient power 
for instruments

Provide standard 
interfacing

Low cost
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Payload interfacing 



QFDQFD –– Requirement WeightingRequirement WeightingQFD QFD Requirement WeightingRequirement Weighting

Weights are assigned to theWeights are assigned to the 
requirements in agreement with the 
views of the customersviews of the customers
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QFDQFD –– Customer Opinion SurveyCustomer Opinion SurveyQFD QFD Customer Opinion SurveyCustomer Opinion Survey

Quantify customer requirement prioritiesQuantify customer requirement priorities 
and perception of existing products and 
place on the right side of the houseplace on the right side of the house
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QFDQFD –– Technical RequirementsTechnical RequirementsQFD QFD Technical RequirementsTechnical Requirements

Voice of the company: describe productVoice of the company: describe product 
in terms of your design team using 
measurable characteristicsmeasurable characteristics
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QFDQFD –– Interrelationship MatrixInterrelationship MatrixQFD QFD Interrelationship MatrixInterrelationship Matrix

Describe interrelationship betweenDescribe interrelationship between 
customer requirements and technical 
characteristics using symbolscharacteristics using symbols
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QFDQFD -- RoofRoofQFD QFD RoofRoof

Fill out the roof to find out where theFill out the roof to find out where the 
technical requirements characterizing 
the product support or impede eachthe product support or impede each 
other
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QFDQFD –– Technical BenchmarkingTechnical BenchmarkingQFD QFD Technical BenchmarkingTechnical Benchmarking

Carry out technical benchmarking toCarry out technical benchmarking to 
find out relative technical position of 
existing product and determine targetexisting product and determine target 
level of performance to be achieved by 
new productnew product
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QFDQFD –– Technical PrioritiesTechnical PrioritiesQFD QFD Technical PrioritiesTechnical Priorities

 Fill bottom of the house by stating the Fill bottom of the house by stating the 
technical priorities (absolute importance of 
each tech requirement in meeting needs)each tech requirement in meeting needs) 

Multiply interrelationship points with customer 
weights for all technical requirementsg q
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QFDQFD –– Engineering Target ValuesEngineering Target ValuesQFD QFD Engineering Target ValuesEngineering Target Values

Set engineering target values to be metSet engineering target values to be met 
by new design
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QFDQFD--QFDQFD
Lunar Lunar 

PenetratorPenetratorPenetratorPenetrator
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