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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
as y
Tec

Thi
Sub
dev

Ali

procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he SO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of [SO specific terms and expressions related to conformity 3
vell as information about ISO’s adherence to the World,Trade Organization (WTO) princ
hnical Barriers to Trade (TBT) see the following URL; www.iso.org/iso/foreword.html.

5 document was prepared by Technical Committee ISO/TC 69, Applications of statistic
committee SC 8, Application of statistical and related methodology for new technology a
blopment.

5t of all parts in the ISO 16355 series\¢an be found on the ISO website.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

ssessment,
ples in the

1l methods,
nd product

© IS0 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

Introduction

Quality Function Deployment (QFD) is a method to ensure customer or stakeholder satisfaction and
value with new and existing products by designing in, from different levels and different perspectives,
the requirements that are most important to the customer or stakeholder. These requirements can be
well understood through the use of quantitative and non-quantitative tools and methods to improve
confidence of the design and development phases that they are working on the right things. In addition
to satisfaction with the product, QFD improves the process by which new products are developed.

Reported results of using QFD include improved customer satisfaction with products at time of launch,
improved ¢ross-functional communication, systematic and traceable design decisions, efficientuse of
resources, [reduced rework, reduced time-to-market, lower life cycle cost, improved reputation.of]the
organizatipn among its customers or stakeholders.

This documment demonstrates the dynamic nature of a customer-driven approach. Since’its incepfion
in 1966, QFD has broadened and deepened its methods and tools to respond to the ghanging business
conditions|of QFD users, their management, their customers, and their products. Those who have ysed
older QFD models can find these improvements make QFD easier and faster to-use. The methods fand
tools show{n and referenced in the standard represent decades of improvements to QFD; the ligt is
neither exhaustive nor exclusive. Users can consider the applicable methodswand tools as suggestipns,
not requir¢ments.

This docuI)ent is descriptive and discusses current best practiceit.is not prescriptive by requifing
specific togls and methods.

vi © ISO 2017 - All rights reserved
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Terms and definitions
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4.1

I50 Online browsing plattorm: available at http://wWww.1S0.0rg/obp

Management summary

Basic concepts of QFD

The basic concepts of QFD are referenced in ISO 16355-1:2015, Clause 4.
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4.2 Evolving classical QFD into modern QFD

4.2.1 General
QFD was first systematized in Japan in 1966 for applications in the automotive industry.[3] As new

industries and applications emerged, the method, tools, and flow of information evolved to address the
unique factors of each company. In recent years, the methods in 4.2.2 to 4.2.6 are most commonly used.

4.2.2 Classical QFD

manufacturer (OEM) specifications mto component specifications and process requ1rements using a
series of four matrices, as follows:

a) customer requirements into product requirements;

b) produg¢trequirements into component requirements;

c) component requirements into manufacturing requirements;
d) manufpcturing requirements into process requirements.

NOTE 1 lassical QFD is also called 4-phase QFD because of the four mattices used.[16] These four matiyices
are highlighted in yellow in Figure 3.

NOTE 2  The 4-phase QFD charts in this document and ISO/TR 16355:8 use improved mathematics and tighter
definitions fo guide the user, resulting in faster implementation and more confident results.

4.2.3 Comprehensive QFD

The 4-phage QFD was readily adopted around the world for its simplicity and easy implementation. As
QFD gainegl popularity, other industries, includingfinished goods, services, software and information
systems, ahd processes struggled to make it fittheir products and business models. This led adding
more toold and flows to create a more comprehensive approach. Comprehensive QFD ensures|the
quality of hew products by including markét research to understand customer needs as referrefl to
in ISO 16355-2 and ISO 16355-4, translating customer needs into design quality targets, and then
deploying §o innovation, cost, and reliability phases. [t enables greater flexibility in application to a brfoad
variety of industries including aerospace, architecture, construction, electronics, materials processing,
services, and software.[1][24] The.many tools and information flows enable the user to select which dnes
are applicdble to their project-An Figure 3, the vertical deployments are quality, technology, cost, pnd
reliability. [The horizontal*deployments are customer, product, function, components, and build. [The
purpose off this documentand ISO/TR 16355-8 is to guide users in harnessing the full capabilitigs of
compreher]sive QFD:

—

of the product, service, process, or 1nformat10n technology Addltlonally, customer priorities and
satisfaction targets are transferred into functional requirement priorities and performance targets,
independent of the enabling technology. This technology independence allows for greater freedom
of design in technology deployment. Functional requirements are then deployed to components,
processes, and quality assurance.

4.2.3.2 Technology deployment

Either in response to unachievable product function and performance, or in engineering-driven
innovation, technology deployment matches systems and subsystems to assess how well they achieve
the prioritized functions and performance targets. This can trigger additional innovation efforts,
refinement of technology concepts regarding user experience and interface, redirection of technologies

2 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

to more appropriate markets and customers, and establish criteria for technology assessment and
selection, including costs. This is detailed in 10.4.3.

4.2.3.3 Cost deployment

As technologies are explored, the costs to develop and produce them must align with market price and
business financial requirements such as revenues and profits. Selling price targets drive product cost
targets which flow down to system, subsystem, component, and build cost targets. This flow down is
managed through the tables and matrices in cost deployment. Since costs are absolute and not relative,
the calculations in cost deployment matrices are more precise and are detailed in 10.4.4.
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3.4 Reliability deployment

V technology increases risks related to many unknowns in actual customer usage, iritera

ires can be, to some degree, forecasted based on known failures. Reliabilitjrdeployment
0.4.5.

E1 The comprehensive QFD charts in this document use improved mathematics and tighter d
e the user, resulting in faster implementation and more confident results:

E2 Additional tools and methods have been added to comprehensive QFD such as strateg
market segmentation (referred to in ISO 16355-2), voice of customer translation into custome
roved mathematics (referred to in ISO 16355-4), and innovation and costing methods referre
iment in 10.4.3.4 and 10.4.4, respectively.

E3  According to the scope of the project, a subset@f these deployments and their associat
equired. Management awareness that such deployinénts exist helps improve their directives
blopment teams, monitor their process, in order tosincrease their confidence in the results.

4  Matrix of matrices

ersion of the comprehensive QFD_models was developed to make the matrices easie
ght a systematic re-drawing of the information flows. It is called the matrix of matri

5 Modern Blitz QFD® B

As

for ppeed in new product development has emerged as an important constraint on QFD. Thg
and|time requiredifor the classical and comprehensive approaches is not always feasible, and
appjroach was deteloped by the U.S. QFD Institute called Blitz QFD® as shown in Figure 2. TH
get the benefits of comprehensive QFD more quickly by focusing on only a small number of
prigrity customer needs. The emphasis on high priority customer needs requires additional
enspredgreater confidence in the prioritization process. Identifying high priority customer
analysis, and situation analysis is explained in ISO 16355-2. Identifying high priority custom

odern businessestwork to improve efficiency in a highly competitive global marketplad

Ctions with

br systems provided by other suppliers, new materials, new software, and others. Risk of unknown

is detailed
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ic planning
I' needs and
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ces[28] and
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e, the need
resources
so a faster
eideaisto

the highest

hnalyses to
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er needs is

explained in 15U 16555-4. Detalled design work'is explained here in J.4.

4.2,

6 German QFD Institute model

This model includes several of the tools for market research, innovation, cost reduction, and reliability
in the updated comprehensive QFD added to the classical 4-phase QFD. Many users find this a middle
way through the other models.[19]

1

Blitz QFD® is an example of a suitable product available commercially. This information is g

convenience of users of this document and does not constitute an endorsement by ISO of this product.
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5 Integration of QFD and product development methods

5.1 QFD support for product development methods
QFD support for product development methods is referenced in SO 16355-1:2015, 5.1.

5.2 Flow of solution development with QFD

5.2.1 Organization of the QFD flow

The flow of QFD methods and tools can vary according to the organization and project requireme
Typically, they begin with broad concerns and through prioritization flow down to specificscFigu
shows the flow of product development from quality to technology to cost to reliability depléyment

5.2.2 Flgw charts of strategy and translation of VOC into engineering solutions and cost
planning

The detail¢d flow charts are presented in Figure 2 and Figure 3. These flow charts represent how
various togls in this document link together as a standard operating procedure that can be applie
individual projects. Not all tools are required on all projects. Custom tailoring of appropriate tools
sequence are recommended.

6 Types of QFD projects

QFD projefts can encompass new developments as well.as”generational improvements to exis
products. The types of QFD projects are referenced in ISO 16355-1:2015, Clause 6 and ISO 16355-4:2
Clause 6, nptes.

NOTE DFD tools and sequence have evolved sinceithe first studies in the 1960s in the automobile p

nts.
e 3

Vi

the
] to
and

[ing
P17,

Arts

industry that used simple diagrams and matrices to identify design elements and downstream manufactufring

details. Whien end-user products, non-manufactiwed products such as service and software, and busi
processes Qegan using QFD, additional tools{ were added to address human tasks, information, and o

hess
ther

complexitiep (see Figure 3). In more recent’years, organizational resource constraints have led to a quifker
approach that addresses both complexity-and speed (see Figure 2). It is consistent with quality methods in
general and|with customer-driven methods like QFD in particular that the methods and tools evolve and adapt to
the ever-chdnging business environment of its practitioners, in order for them to remain viable and practicgble.
This evolution is demonstrated in the bibliography of case studies.

7 QFD team membership

7.1 QFDjuses cross-functional teams

Cross-functienal'teams are referenced in [SO 16355-1:2015, 7.1.

7.2 Core team membership

Core team membership is referenced in ISO 16355-1:2015, 7.2.

7.3 Subject matter experts

Subject matter experts involvement is referenced in ISO 16355-1:2015, 7.3.

NOTE The matrix relationships and quantifications can be determined by the QFD team with representatives
of customer-facing and technology-facing departments, such as marketing and operations or engineering. It is

becoming more common with technology products for customers and stakeholders to be invited to participate,
often in multiple meetings as the products are iterated. This is called continuous[181[20] or collaborative QFD.[54]

4 © IS0 2017 - All rights reserved
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7.4 QFD team leadership

QFD team leaders or moderators can be trained in the QFD tools and methods in order to effective lead
the QFD project. Additional tools, as identified in the appendices can be useful. Basic team facilitation
and moderation skills are recommended.

NOTE1 The QFD team leader can take a position of being function-agnostic so as to remain neutral to any
business department or activity.

NOTE 2 Team membership and responsibilities can be indicated according to the development process and
functional departments and human resources. This can be detailed in a process map, supplier-input-process-
output i ; =aTTd= = i

EXAMPLE Table 1 indicates the product development process in the rows and which~departments or
resqurces have what level of responsibility to the project.
Table 1 — QFD team responsibility L-matrix
=
2
S
3
Resource v £
. £ I=) Q
g & 2| & | £ 5
2 2 s|6|8 1w g
o] 8 = 8 > | & = ]
3| 5|8 B I =N s (e
slE|E|s|2|5|5)%¢
Prgcess g |l |s|le | dlalsS[3]2 Key
Strategize (9| Q| D ® Primary resporjsibity
Fupd P e | 2| D @ Secondary responsibilty
Dehne customer problem ) ® 9| ™ b D Subject matter pxpert
Define product solution e )Hho | | * Supportresoulce
Dejelop N o T I L I ‘ Keep informed
Tept e )
Solirce/Supply e @
Bulld 9 b| @ .
Commercialize N B ] b, P | | @ |
Support b b B b (9| @
Refjire ' ) ' ' ] ' ' > | @
8 |Seven'management and planning tools
Theuse and purpose of the seven management and planning tools are referenced in ISO 16355{2:2017, 8.2.

9 Translation of one information set into another

9.1 General

QFD flows information sets through the various development and commercialization functions of
the organization and design dimensions. These flows are called deployments and often require the
language of one information set to be translated into another information set, or a single information set
broken down into more detail. This translation can be visually displayed to check for completeness and
accuracy, and can be mathematically quantified for complex information sets. The first transformation

© IS0 2017 - All rights reserved 5
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is often from customer needs into product functional requirements, quality characteristics and
capabilities, and specification values. There are two approaches to doing this,

a) maximum value table, and

b) L-matrices.

9.2 Max

9.2.1 Ge

imum value table

neral

The maxirjlum value table is used to show everything on the project that is most important‘to

customers
delivering
by the QFD

9.2.2 Efflect-to-cause diagram

Early QFD
attributes
customer
commercig

NOTE 1

adapted in
which is exp
factors.

’

NOTE2 1
Technical sf]

NOTE3
assoonasp

NOTE4 |
customer a
stakeholder]

EXAMPLE

that the des|
trueness an
accurate fit
so that the ¢

NOTES5 1
informatior
better demd

and stakeholders. It identifies where to apply best efforts to the tasks that are esSentig
yalue to customers. By doing so, maximum value to customers results from minimum effi
team.

hnd customer needs.[39] Product attributes cause a customer need/to be fulfilled. For e

lization are essential to delivering quality and satisfaction,

'he traditional cause-and-effect diagram (also known as IshiKawa diagram or fishbone diagrarn
DFD to uncover the root causes of success rather than failure. It has two formats: cause-to-ef|
lained in ISO 16355-4, and effect-to-cause. Note that the arrows point from one effect to many ca

'he customer need is the effect. The names of causal bones and sub-bones depend upon the prod
aff with sufficient product knowledge can be invited to the QFD team to help identify them.

larget values sufficient to meet the customer need can be determined by experimentation and tes
ossible.

ach customer and stakeholder need can have a separate effect-to-cause diagram. Do high prig
hd stakeholder needs first. Thewanalytic hierarchy process (AHP) can be used by customers
s to prioritize their needs.[481HY]

Figure 1 is adaptedfrom the first published QFD case study by Bridgestone Tire in 1966. It sh
ired effect of smooth’ride can be positively caused by proper design of the tire characteristics of
d sidewall strength,\proper setting of the moulding process characteristics of pressure, time,
of the mould halves, and proper raw material handling storage humidity and rotating the mate
ldest polymets-are used first.

'he “head?/of the fishbone diagram in QFD is oriented on the left side to indicate the floy

nstrates the QFD matrix construction as a set of effect-to-cause diagrams with the heads becon

the
] to
Drts

studies used an effect-to-cause diagram to show the relationship between product

ach

need, the QFD team can determine what product attributes;~from development through

h) is
fect,
usal

uct.

ting

rity
and

oWs
tire
and
Fals

v of

fromyleft-to-right as will be seen in the maximum value table in 9.2.3. This change in orientdtion

hing

the rows of

L€ matrix and bones becoming the columns.
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Tire characteristics MOId“.lg .
characteristics
Trueness <— Sidewall Pressure Accuracy of

strength Time molding halves

Smooth
ride AN >
Age of Storage
polymers humidity
Raw materials
handling

Effect » Cause

Figure 1 — Effect-to-cause diagram

9.2]3 Steps to make a maximum value table

The effect-to-cause diagram can be presented in a spreadsheet by putting the informatign into the
colymns. This is called the maximum value table.

— |Enter information regarding tHe customer such as segment, application and use modep, problem,
and other contexts that help.the QFD team determine appropriate target values.

— |Enter high priority customer and stakeholder needs. The analytic hierarchy process (AHP) can be
used by customers and'stakeholders to prioritize their needs.[17][48]

NOTE1 The number‘efneeds to include depend upon the priorities of the needs as well as the projdct schedule,
budpet, and available Tesources. The guideline is to analyse only those needs for which the projgct can take
actipn. Many projetcts’can have only three to five high-priority needs.

— |Identify{the necessary design dimensions necessary to address the project. Make thege separate
columm headers.

— |Foy each high priority customer or stakeholder need, enter into the appropriate cplumn any
nformation, Target Values, Tests t0 e doNe, and Other Tetevant mformation as it becomes known.
The maximum value table grows as the project progresses end-to-end throughout the development
and realization process

— Indicate any special tasks related to this acquiring or acting on this information. Special tasks can
be protected from de-scoping by the project manager in cases of budget or schedule conflict, as they
are critical to addressing the most important customer or stakeholder needs.

EXAMPLE In Table 2, the highest priority customer need is my employees appreciate the benefits I provide
to them.[1Z] To fulfill this need and ensure that downstream service activities are performed sufficiently, the
following must take place:

a) contract should show savings to employee of using insurance;

© IS0 2017 - All rights reserved 7
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by competing provider networks;

mechanism works;

b)

c)

d) system
e) system
NOTE 2

should collect user feedback to ensure it works as promised;

level design should report employee savings and comparisons to street (uninsured) fees.

provider network (doctors and hospitals) should show their Blue Cross network is superior to care offered

to communicate this, the sales broker or representative should explain exactly how the claims

Customer needs are transformed into product functional requirements which can include capabilities

(technology-independent functions), quality and performance characteristics, and specification targets. In this

example, wiiich Tocuses on communication of information to the employees, only the capabilities of show savings,

explain ric

NOTE3 1

ess of benefits, and show employees how much employer paid are presented.

'he effort to develop and realize a solution strategy for the highest priority needs can consume

available bydget, schedule, and human resources. The maximum value table helps ensure the highest v

customer a
possibly all
engineering

NOTE 4
to analyse
dimensions

NOTES5
important g
maximum v

NOTE6 ]
compreheng
benefits of

hd stakeholder needs are addressed first and best. If available resources are <onsumed, th
attention.

DFD teams needing to address a larger set of customer and stakeholder’neéds can use an L-m3
wo design dimensions at a time. The maximum value table is useful in“"determining which de
warrant the L-matrix analysis.

'he maximum value table can be done early in the QFD studysto analyse the solution to the 1
ustomer or stakeholder needs. Even if other tools such as L-thatrices are employed later, doing
plue table first can give the QFD team a head start on the.critical needs.

laximum value tables from similar products or generations of products can be aggregated
ive QFD L-matrices. This spreads the time and effort over several projects, eventually yielding
he deeper analysis of comprehensive QFD.

the
hlue
S is

the QFD the team can perform. All other customer and stakeholder needs can thenTeceive standlard

trix
Kign

host
the

into
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9.2.4 Modern QFD

The maximum value table can be used with other modern Blitz QFD® tools for analysing the voice of the
customer and voice of the stakeholder. Guidance for the semantic analysis and situation analysis phases
is explained in ISO 16355-2 and guidance for the goal analysis phase is explained in ISO 16355-4. The
maximum value table is in the project strategy phase at the right in Figure 2[35][57] and is positioned
between the prior steps and the L-matrices used in comprehensive QFD.
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Figure 2 — Modern Blitz QFD® flow

9.3 L-matrices

9.3.1 General

The seven management and planning tools include several types of matrices. The most common matrix
in QFD is the L-matrix which is used to examine two dimensions of information. L-matrices can be used
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to examine goals and the means to achieve them, responsibilities, and relationships. The most common
L-matrix in QFD is used to examine effect-to-cause relationships.

9.3.2 Entering information into L-matrices

When the row and column information sets are large, they can be organized with the affinity diagram
and hierarchy diagram. Most common are three to four levels of primary, secondary, tertiary, and
quaternary levels of abstraction. When building an L-matrix, the level of abstraction of the row can
match the level of detail of the column. If mixed, the weight calculations of the matrix can have errors

due

to over- or under-counting relationships that are mismatched.

9.3

The
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use
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3 Determining effect-to-cause relationships in a QFD L-matrix

QFD L-matrix is essentially a collection of effect-to-cause fishbone diagrams tp_ shéw m
mns. If this orientation is rotated, the effect-to-cause relationship can be.preserved. T}

tionships between the effects and causes are subjective, then words and symbols are
d to indicate the strength or level of the relationship, as follows:

classical QFD matrices use three levels of relationships desctibed as weak (W), moc
strong (S); symbols or icons used are:

Weak: A Moderate: O . Strong: ©

E1 Strengths of this approach: familiarity. Weaknesses of this approach: with only three
s can struggle to agree on the appropriate level.

modern QFD matrices use five or nine levels-ofrelationships described as weak (W), mo
strong (S), very strong (V), or extremely strong (X), as well as intervals such as weak-t(
(W-M), and so forth. These levels aligmywith the analytic hierarchy process (AHP) th{
later to transfer priorities from theeffects to the causes. Symbols or icons used are:

WO W-M® M™ M-S SP SV VI VX X@

E2  Strengths of this appreach: when the level of relationship requires a judgment, human
hory capacity is best when-there are 7 £ 2 (5 or 9) levels. This allows first a judgment of high, n
then within each category-another high, medium, low. This creates nine levels ranging from high-
giving QFD teams more relationship levels to select from, and thus improving agreement. Weakn|
foach: unfamiliar bot'has a short learning curve, commercial QFD software cannot support these

E3  Certaimsymbol oricon patterns indicate the health of the matrix. For example, blank rows
cate missing,information. Nearly identical rows or columns indicate problems with comingl
raction of the row or column hierarchies.[31]

E 4¢ \(In addition to the L-matrix, QFD can use T-matrices, Y-matrices, C-matrices, and others

any effects

auses relationships. Effects are commonly placed in the rows of the matrix-and cayses in the

e strength

ontribution of a causal relationship can be indicated with words, syimbols, or numbers. If the

commonly

lerate (M),

levels, QFD

Herate (M),
-moderate
It are used

short-term
edium, low,
high to low-
esses of this
symbols.

or columns
ed levels of

n the seven

agement and planning tool set.[3][38][41]

9.3.

4 Linking matrices

Since each L-matrix relates two columns from the maximum value table, several matrices can be
required to complete the QFD analysis. It is common that the columns of one matrix cascade into the
rows of the next matrix in sequence. Thus, the matrices can be linked so that information flow downs
and flow ups can be established such that changes in one matrix can be updated in later matrices. This
can be useful if the matrices are later weighted with priorities and quantifications. A set of linked
matrices can create a comprehensive QFD framework that can be used again on other projects.
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9.3.5 Comprehensive QFD

In 1988, a comprehensive QFD model was developed that added to the quality deployment additional
deployments to address issues related to technology, cost, and reliability. These deployments could
be applied at the product level, system level, component level, and build level, as shown in Figure 3.[1]
These deployments are explained in later clauses of this document.

NOTE1 Comprehensive QFD is referred to in JIS Q 9025, 6.1.[24]

NOTE2 Comprehensive QFD was used as the model for the US-developed matrix of matrices.[28]

9.3.6 Hduse of quality

9.3.6.1 eneral

One of the most common L-matrices in QFD is the house of quality. The first published usé€of this majtrix
was in 197 in Japan for a ship-building program. Later enhancements earned it themickname “hofise”
of quality dlue to its shape and several rooms.[3] It is also referred generically as aguality table. In|the
compreher]sive QFD flowchart in Figure 3, the house of quality is located in the upper-left cornef as
Table 1-1. The house of quality is not shown in Figure 2 but can be used after‘the maximum value table
when greater detail is required.

9.3.6.2 Ipformation for building the house of quality

The house [of quality is so named for the several “rooms” or tables'and the sometimes used “roof” that
comprise if. These rooms, explained in this document and guidance for creating them, are as follow:

a) customer needs hierarchy in the rows of the house of\quality (in 9.3.6.2.1 and ISO 16355-4);
b) functignal requirements in the columns of the haouse of quality (in 9.3.6.2.2);

c) customer needs — functional requirements matrix in the centre of the house of quality displays
the stiength of the contribution or relatiénship of each functional requirement to each customer
need (In 9.3.6.2.3);

d) quality planning table in the right-side room of the house of quality adjusts the priorities of|the
customer needs in response to.customer satisfaction with current and competitors’ prodycts,
strategic product planning, and-sales activities (in 10.3.2.1 and ISO 16355-4);

e) design|planning table inthe basement of the house of quality adjusts the priorities of the functixnal
requirgpments in response to competitive benchmarking, technical advantage, technical difficilty,
and Kdno dimensiens of quality (in 10.3.4.1);

f) functignal requirements correlation matrix in the roof of the house of quality looks for conflictspnd
tradeofffs among the functional requirements that could impact design decisions (in 10.4.3.4.1.1).

These rooms-are assembled as shown in Table 17.

12 © IS0 2017 - All rights reserved
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9.3.6.2.1 Customer needs hierarchy diagram

In the rows of the house of quality are the customer needs. As noted in Clause 3, customer needs describe
the benefit to the customer of their problem solved, their opportunity enabled, or their image enhanced,
independent of the product. Historically, these were called demanded quality items. The customer
needs can be entered as a hierarchy diagram with only the most detailed level, usually tertiary level,
being assigned relationships. This is explained in ISO 16355-4 in the customer voice table.

NOTE1 In QFD, the voice of customer is sometimes referred to as requirements because it comes directly from
the customer. Requirements can include a raw mix of needs, solutions, and features. However, it is important to
understand why the customer has specified these requirements, and so the customer voice table in ISO 16355-4
explains h:Ev to translate voice of customer requirements Into true customer needs. Getting the unaer;lt/ing

customer ngeds has two benefits. One, customers can prioritize them more accurately and two, they \more
clearly sepajrate the problem space from the solution space which can lead to more innovative solutions.' Anofther
confusing t¢rm, “wants and needs,” actually refers to priorities with needs having a higher priority-than wqnts.
In QFD, thede priorities are clearly calculated using the AHP process explained in ISO 16355-4.

NOTE 2 I Figure 3, the customer needs hierarchy is represented as a triangle on the left side of the matr]x. It
is not a correlation matrix or trade-off matrix, since customer needs have priorities, not cenflicts.

9.3.6.2.2 | Functional requirements hierarchy diagram

In the columns of the house of quality are the functional requirements: Historically, these were callled
quality chgracteristics, but to make QFD easier to apply in non-manuifacturing applications, the njore
universal term functional requirements has been adopted. As noted‘in Clause 3, functional requirem¢nts
describe what the product is or does without defining how it does it. Thus, they can be technol¢gy-
independent. Functional requirements can already be known by‘the QFD team or can be extracted ffom
each customer need using an effect-to-cause diagram. If ppssible, determine the method of measuring
each functjonal requirement to ensure that measurable\targets can be set. Functional requirements
can be structured with an affinity diagram and a hierarchy diagram. Affinity and hierarchy diagrams
are explairfed in ISO 16355-4.

NOTE Jome QFD users use the terms customer needs for the rows and product requirements for| the
columns. Product requirements can include both-functional requirements and non-functional requiremgnts.
Non-functignal requirements such as aesthetics.are described in ISO/TR 16355-8. In value engineering, howgver,
non-functiopal requirements such as aesthetics are called attractive functions.

EXAMPLE In Figure 4, notice the arcows come out of the customer need from the customer need “I can get a
taste I like”|(head of fishbone diagramjy’and point to the functional requirements (bones). Figure 5 and Figure 6
illustrate thie structuring of the functional requirements.
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Figure 4 — Fishbone diagram used to extract functionalréquirements from customer needs in

airport breakfastkiosk
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Figure 5 — Affinity diagram of functional requirements in airport breakfast kipsk
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| # Topp;i@\ varieties
count

Figure 6 — Hierarchy diagram of functional requirements in airport breakfast kiosk

9.3.6.2.3 | Matrix

Functional| requirements are entered into the columns of an L-matrix, matching the same levdl of
detail as the customer needs. Werking row-by-row, the strength of contribution or relationship of gach
functional [requirement noted”in“the intersecting cells of the matrix. The strength of contributiop or

relationsht is explained inc10:2.1.
I

NOTE 1 Figure 3, thefunctional requirements hierarchy is represented as a triangle on the top of the mafrix.
It is not a cgrrelationmatrix or trade-off matrix since these arise only in technology specific characteristids or
attributes.

NOTE 2 istorically, this is the only matrix to have the term quality in both the rows and columns, thus earping
it the nickname’“house of quality.” The modern approach is to name matrices by the names of their information
sets. Thus, the house of quality can be referred to as the customer needs-functional requirements matrix. This
avoids confusion of the many matrices in comprehensive QFD.

NOTE3  Normally, each functional requirement has a relationship with more than one customer need. In
some cases, increasing the performance of the functional requirement helps achieve the customer need, in other
cases, meeting a target value of the functional requirement helps achieve the customer need, and in still other
cases reducing the performance of the functional requirement helps achieve the customer need. For example,
increasing the size of an umbrella helps achieve the customer’s need to stay dry in the rain, but decreasing the
size of an umbrella helps achieve the customer’s need to carry it easily. Therefore, functional requirements do
not have direction until setting targets in the design planning table discussed in 10.3.4.3.

NOTE 4  Functional requirements are referred to in JIS Q 9025, 5.4.2.[24]
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NOTES5  The functional requirements correlation matrix, often referred to as the “roof” of the house of quality
is most useful to examine for positive (as one functional requirement improves, so does another) or negative
correlations (as one functional requirement improves, another is reduced), after an enabling technology is
selected. Since the positive or negative correlations are technology dependent (change the enabling technology
and the correlations change), doing this matrix can prematurely imbed a solution paradigm into the analysis,
thus limiting the QFD team’s ability to innovate.

EXAMPLE Table 3 is an example of an unweighted matrix. This matrix shows that the customer need of I
can make a healthy choice is moderately achieved by making the food and preparation options visible, strongly
achieved by having a number of product varieties, and strongly achieved by having a number of topping varieties.
Number of heating options as no impact.[30]

Table 3 — Customer needs-functional requirements matrix (house of quality) forngirport
breakfast kiosk (unweighted)
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1.1.4 |l can choose quickly

9.37 Knowledge management

Unweighted L-matrices are also useful in knowledge management to capture intrinsic |or “tribal”
kngwledge of individuals in the organization.[2] Information in L-matrices can later be weighted for a
spefific projectzThis can be valuable in the following scenarios:

a) |mature organizations whose engineering technology and methods are poorly documented;

b) |drganizations facing employee turnover due to retirements, short-term project work, njergers and
acquisitions;

c) organizations expanding their technical staff. Knowledge management matrices can be helpful in
training new hires.

10 Transfer of prioritization and quantification from one information set into
another

10.1 General

Prioritizations and quantifications of one information set can be transferred into prioritizations and
quantifications of another information set. This is used to flow the results of each analytic tool into the

© IS0 2017 - All rights reserved 17


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

next tool in order to ensure that upstream priorities and targets are deployed downstream into solution
priorities and targets. In a QFD L-matrix, prioritization builds on relationships that show the strength of
relationship or contribution of the columns of the matrix to the rows of the matrix as explained in 9.3.3.

NOTE Typically, the transfer of prioritization and quantification are done by the QFD team, involving both
customer facing (marketing, sales, product managers) and technology facing (R&D, engineering, and others)
members.

10.2 Transfer of prioritization

10.2.1 Q

There are different approaches to quantifying the weights of contributions or strengths of relationships

in a matrix. An approach that is appropriate for the analysis can be used.

a)

b)

d)

18

Classidal QFD matrices using three levels of relationships described as weak (W), moderate (M),
strong|(S) and assigned values of 1, 2,4 or 1, 3,5 or 1, 3, 9 respectively.

NOTE 1 Strengths of this approach: familiarity, 1, 3, 9 addresses problem of tgansferred priorities being
too clos$e in value. Weaknesses of this approach: with only three levels, QFD teamsTan struggle to agref on
the apgropriate level, these are ordinal scales without fixed intervals so thatresulting QFD math functjons
have results that only tell order but not relative importance.

Moderjpn QFD matrices use five or nine levels of relationships des¢rjbed as weak (W), moderate (M),
strong(S), very strong (V), or extremely strong (X), as well as intervals such as weak-to-modefate
(W-M), and so forth. Assigned values can be adapted using:the analytic hierarchy process, but|the
follow|ng are commonly used.

Five lepels: W (0,069), M (0,135), S (0,267), V (0,518):X (1,00)

Nine l¢vels: W (0,059), W-M (0,079), M (0,112),-M-S (0,162), S (0,237), S-V (0,344), V (0,498),|V-X
(0,712}, X (1,000)

NOTEZ  Strengths of this approach: When:the level of relationship requires a judgment, human sHort-
term njemory capacity is best when there.are 7 + 2 (5 or 9) levels. This allows first a judgment of High,
mediurp, low, and then within each category another high, medium, low. This creates nine levels ranging
from h|gh-high to low-low, giving QFD*teams more relationship levels to select from, and thus improying
agreenjent. These ordinal judgments’are transformed into absolute scale values with fixed intervals using
the AHP principle eigenvector,so that resulting QFD math functions tell both order and relative importance.
Weakngsses of this approach: unfamiliar but has short learning curve, if commercial QFD software doeq not
support assigning ratio sgale-values, QFD team can build its own spreadsheet.

Nonlinear relationships can be used in cases where other scales are justified.

Technical L-matrices can use the formula Y = f(x1, X2, ... Xn). Where measureable data exists between
the input (x).and output (y), the Pearson product moment correlation coefficient can be usefl to
measufre the degree of linear relationship between the two variables. The correlation coefficjent
assumps?a value between -1 and +1. If one variable tends to increase as the other decreases,|the
correlation coefficient is negative. Conversely, if the two variables tend to increase together the
correlation coefficient is positive. However, in most QFD L-matrices such as the house of quality, the
absolute value of the correlation can be used so that when column values are summed, positive and
negative correlations do not cancel each other out but rather add to indicate a higher priority.

Display of relationships or contribution can include icons representing the various levels. Icons can
visually increase according to the strength of relationship or contribution they reflect, from weak
to extremely strong, as shown in 9.3.3.
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10.2.2 Weight the rows

10.2.2.1 Customer need priorities

ISO 16355-4 explains how to get prioritized customer needs in the form of a hierarchy. Priorities can
be as accurate, unbiased, and unambiguous as possible as they can serve later QFD activities related to
cost and resource allocation. Thus, the mathematical limitations of different numerical scales cannot be
ignored.

NOTE1 Prioritization can be done by the group that “owns” the information. For example, customer needs can
be prioritized by the customer.

NOTE 2  The analytic hierarchy process (AHP) enhances the precision of the statistical methods of QFD by
employing absolute relative scale values with meaningful ratios that can be added, subtracted, muftiplied, and
divided.[48] AHP also gives customers a forced-choice, paired comparison model that §ields mdre accurate
resylts. Finally, when applied to a hierarchy, the prioritization process is broken into smdllér groups yhich is less
fatiguing than presenting customers with single, long list of needs to rate on an ordinalscale.

NOTE 3  Ordinal scale values do not contain sufficient information to performnQFD mathematicpl functions
properly. There are these problems.

a) |The ratios between the levels are not equal; the effort to go from 1 to<2 s 100 %, while the efforft to go from
4 to 5 is only 25 %. In ratio scale, the ratios between the scale values.are close to equal.

b) |Because of the inequality or ratios, ordinal scales tend to biag-towards the higher values.

c) |Ordinal scale values cannot be divided, nor can most othet~mathematical functions be perfornjed. Ordinal
numbers do support mode and median, which is why early QFD studies recommended using response mode
(most frequent count) rather than mean (average) response.

NOTE4  Those preferring 1-5 scale surveys cansstill survey with ordinal numbers. However,| before any
mathematical functions are performed, such as avéraging, the responses can be converted to ratio scple. The five
level ratio scale shown in 10.2.1 b) can be used as follows. 1 (0,069), 2 (0,135), 3 (0,267), 4 (0,518), 5 ({1,00).

10.2.2.2 Cascading linked matrix priorities

In comprehensive QFD as showmin Figure 3, matrices can be linked together so that the columns of one
mafrix cascade into the rowg-efithe next matrix in the sequence. Similarly, the column weights of one
mafrix can be cascaded into the row weights of the next matrix in the sequence. This is important for
trapsferring the informatipn sets and priorities from customer needs through functional requirements
intq quality, technology, cost, and reliability factors as shown in Figure 3 and detailed 13ter in this
document.

NOTE1 If only@Subset of columns are cascaded into the next matrix in the sequence, those welghts can be
normalized te~100 % before cascading. This keeps downstream weights from displaying too many| zeros after
be used or

ices. In fact,
the rows of the house of quality (customer needs) are “why” the customer wants the product and the columns are
“what” the product must be or do (functional requirements). Functional requirements specifically do not include
“how” to do it.

NOTE 3  If the effect-to-cause orientation of rows-to-columns is rotated as in some of the matrices in Figure 3,
then the cascading matrix weights can also be rotated so that the row weights cascade to the columns of the next
matrix in the sequence.

EXAMPLE Table 4 shows the flow of information and priorities from columns of one matrix to rows in the
next matrix in the sequence. In this example, the columnar functional requirements for service and their weights
at the bottom flow into the rows of the next matrix which is the functional requirements (for service)-function
matrix. This example is explained in detail in 10.4.2.4.3.
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Table 4 — Cascading linked matrices for airport breakfast kiosk

"~ Functional Requirements
~. 5 -
~ 5|2 | 52|82 8
~ E3 || 22| 2% B | 35
~ z= (|28 |28 |°8| %
~ £ = w® > *® > .
Customer Needs | ES FR1 FR2 FR3 FRS
= |l can make a healthy choice 19,3% * 2 ? )
0,022 0.045] 0.045] 09004
E | can get a taste I like 60,6% » ° ? >
0,143 0,303 0,343 006}
o ) - 0 2 ] g
= |l can make an appealing choice | 11,6% . o . .
= |l can choose|quickl 8.6% "i 2 > -
= || can chooseqquicy 143 07| L 01
= Absolute Weaight 0324 0425 027 0,091
% Functional Requirement Weight 301% 395% 20% 84%
E Functional Requirament Rank| 2 1 3 4
) Functions F
E %? g
~ £ P 23 23 g 2 =% | £k
Functional g 84|53 | 28| o g a 24| 2
Requirements & §£ §£ £ & EE EE\ SE EE 2
(tor service) K1 i FN3 FN4 [ ~~ENS ENE N7 F
% |visibility of options | 30.1% | | ) > ® iy . .
0an on umn (401 015 0,000 m 0,150}
% # Product varieties 19,5% . * ’ ® > ) . ®
039 0,32| 0,004) 0,305 | 0,044 0,034 0,395/ 0,395/
% |# Topping varieties 220% . . o . e o 2 »
02 0.220) sl 0.220| 1,057 0,052 0,052 0.052|
Z (#Heating options BA% ) ) ¢ ) ) » ) ) 7‘
. 030 0.000] 0.000] 0,00 0.020] 0.000 0.000
T Absolute Weight 0,706 0705 o217 0,588 0,245 0,166 0,748 0,557
5 Function Weight 17.3%[\'\1‘7',3'5 53% 169% 50% 1% 1B4% 7%
2 Functicn Rank| 2 2 7 4 B B 1 3
10.2.3 Calculate the column weights
Transfer of priorities from rows to columns can be(calculated as:
1
X
Wj = ‘L X iaij @8]
iF1
where
X;  ig the priority of theow item (for example, customer need priority in the house of quality));
ajj if the strength gf'the relationship between the row and the column.
NOTE 1 Because ordinal scale weights such as 1,2,4 or 1,3,5 or 1, 3, 9 do not support mathematical functjons
such as add]tion, subtraction, multiplication, or division, ratio scale weights described in 10.2.1 b) can be us€d.
EXAMPLE Table 5 adds relationship weights to Table 3 . Working the first customer need I can njake
a healthy ch01ce it has a customer prlorlty of 19 3 % derlved from the unwelghted quallty plannmg ble
explained in 3 Oderate

relationship contrlbutlng to achlevmg this need. A moderate relatlonshlp is indicated by the quarter ple symbol
or icon, and it has a relationship weight of 0,112 as shown in 10.2.1 b). Multiply the customer need weight of
19,3 % x 0,112 = 0,022 rounded to three decimals. This is shown in the lower-right portion of the split cell. This
is repeated for all relationships. The values in the lower-right portions of the split cells are then summed for each
column to calculate an absolute weight. Thus, 0,022 + 0,143 + 0,116 + 0,043 = 0,324 rounded to three decimals.
The absolute weights are then summed across: 0,324 + 0,425 + 0,237 + 0,091 = 1,077 rounded to three decimals.
The absolute weights are then normalized into functional requirement weights by dividing each absolute weight
by the sum of all absolute weights. Thus, 0,324/1,077 = 0,301 or 30,1 % rounded to three decimal places. If
desired, rank order can be displayed as shown here.
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NOTE 2  The use of split cells is optional. Specialized QFD software can display this easily, but most QFD
software does not support ratio scale numbers, without which these calculations lose accuracy. Another solution
is to use a spreadsheet and just show the relationship strengths as ratio scale values. The spreadsheet function
sumproduct can be used to calculate an array of the row weights x the relationship strengths in the cells, and
then sum the products as absolute weights.

NOTE 3  This example is the house of quality showing customer needs and functional requirements. The math
calculations shown here apply to all QFD L-matrices. There are three methods of calculations depending on the
distribution method described in 10.2.4. Table 5 uses the ideal distribution. If cost deployment is going to be used
later in the QFD, then the proportional distribution method is recommended.

Table 5 — Customer needs-functional requirements matrix (house of quality)y forairport
breakfast kiosk (weighted, ideal distribution)

Functional Requirements
]
= [z =) o
a = 9@ £ o =
ES || 2| £ 22 ||5 2
s 2 2 9o ..o o .2 o .2
> L a | &S = S T 5
';'é 2 > O *= > *= > #* O
Cpistomer Needs £5 FR1 FR2 FR3 FR4
5 . G0 D D
7 |l can make a healthy choice 19,3%
0,022 0,046 0,046 0,000
G . D 9 D ®
7 |l can get a taste | like 60,6%
0,143 0,302 0,143 0,068
] . . o 9 O ®
7 |l can make an appealing choice | -11,6%
0,116 0,058 0,027 0,013
= . 9 D D ®
| can choose quickly 8,6%
0,043 - 0,020 ~ 0,020] | 0,010
3 Absolute Weight 0,324 0,425 0,237 0,091
=g ~ Eunctional Requirement Weight 30,1% 39,5% 22,0% 8,4%
2 Functional Requirement Rank 2 1 3 4

10.2.4 Distribution methods

10.2.4.1 Use-of scales

Thd mathematical calculations in the various distribution methods require addition, multiplication, and

divisien. To preserve the accuracy of these calculations, ratio scale values can be used for row weights
and relationship strengths as described in 10.2.1 b).

10.2.4.2 Independent distribution

Independent distribution treats each column independently of the other columns, so that no single
column can dilute the others. In QFD, this is the most common distribution method. This identifies
which columns are most critical and can be investigated further. For example, in the house of quality,
functional requirements are prioritized and the most critical can be investigated first.
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10.2.4.3 Ideal distribution

Ideal distribution yields the same column priorities as independent distribution, but the scale maximum
is set to 1,000 and all other relationship strengths are represented in ratio to 1,000. This is the method
used in Table 5.

NOTE

Since independent and ideal distributions yield the same column priorities, the distribution method

easiest for the QFD team can be used. When using the ideal distribution, be careful not to confuse a relationship
value of 1,0 with a statistical correlation of 1,0 which would erroneously imply that one column completely
explains the row.

10.2.4.4 H

Proportion
are import
limiting fa
then propc
all be cons
component

NOTE

EXAMPLE 1
the relation
relationshig
ratio scale v
is then sum

Independent and proportional distribution is referred to in JIS Q 9025,.5:2:3.[24]

roportional distribution

al distribution is used when the number and strengths of the correlations in~each
ant to consider. It normalizes each relationship row-by-row. This is useful when.there
Ctor to consider, such as cost, weight (mass), time, or human resource. Théxow weigh

idered. For example, a cost plan must assign a target cost to each systent, subsystem,
in proportion to its contribution to the function of the product.

The airport breakfast kiosk example is repeated here but in prgportional distribution. To simy
Ship strengths have been displayed as numbers instead of the synibols, as in Table 5. For example
between I can make a healthy choice and visibility of option$\s a moderate relationship which h
alue of 0,162 as shown in Table 6. The ratio scale values areentered in all intersecting cells. Each
med across, thus 0,112 + 0,237 + 0,237 + 0,000 = 0,586. Numbers are rounded to three decimal pl3

Fow
is a
tis

rtioned by the relationship weights to the columns. This is useful when-all columns npust

and

lify,
the
asa
row
ces.
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Table 6 — Customer needs-functional requirements matrix for airport breakfast kiosk
(displaying relationship weights as numbers)

Functional Requirements o 6 o0
. >N Own C n c
(for service) B 50 20 Sy
= 9T ab w5
ope oo 0l 02
s g2 | &% | ER | T2
3 S (o} * > * > 0 Row sum
o N1 Z e a eno oo —
Customer Needs O SRt SRZ SR3 SR% of SR
[ can make a healthy choice 19,3%]| 0,112 0,237 0,237 0,000 0,586
[ can get a taste [ like 60,6 % | 0,237 0,498 0,237 0,112 1,084
I can make an appealing choice | 11,6%| 1,000 | 0498 | 0,237P 0,112 || 1,847
I can choose quickly 86% | 0498 0,237 0,237 0,112 1,084
EXAMPLE 2  The ratio scale values of the relationships are then normalized by dividing each |ntersecting

cell[value by its row sum, as shown in Table 7. The row sum of the normalized relationships equa

0,191 + 0,404 + 0,404 + 0,00 = 1,00. Numbers are rounded to three decimal places.

Table 7 — Customer needs-functional requirements matrix for airport breakfast
(displaying normalized relationship weights)

Normalized
Functional Requirements -
: o
(for service) > 2o ®, 2
2w 5 0 | = 0 [ 2w
= S |5 | &% |& &
2282 |§2 |8
= o 2 o = - -l
E > g' # S |x 5§ |% % Row su
Customer Needs o SR1 SR2 SR3 SR4 of SK
[ can make a healthychoice 193% | 0191 | 0404 | 0404 | 0,000 1,00(
I can get a tastel like 606% | 0218 | 0460 | 0218 | 0,103 | 1,000
I can maké an appealing choice | 11,6% | 0541 | 0270 | 0,128 | 0,061 | 1,00(
[ canchoose quickly 86% | 0460 | 0218 | 0218 | 0,103 | 1,00

EXAMPEE'3  The ratio scale values of each relationship is then multiplied by the row weight (cus
weight.in house of quality). These products are then summed and normalized to a percentage col

kiosk

m

s 1,00, thus

tomer need

hmn weight

(functional requirement weight in house of quality), as shown in Table 8. Thus 0,191 x 19,3 % = 0,037. For SR1,
the functional requirement weight is calculated as 0,037 + 0,132 + 0,063 + 0,039 = 0,271 or 27,1 %. Numbers are
rounded to three decimal places. Because the relationship weights were normalized already, the absolute weight
and column weight (functional requirement weight in the house of quality) are the same.
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Table 8 — Customer needs-functional requirements matrix for airport breakfast kiosk

(displaying row weight x relationship weights, summed and normalized)

Functional Requirements

(for service) .% NE g 2 NEN
. |E5|88|EE|8 S

= |S8|S 8|S 8|58
Customer Needs S | SR1 | SR2 | SR3 | SR4
I can make a healthy choice 19,5% | 0,057 | Q076 | 0,078 | 0,000
| can get a taste | like 60,6% | 0,132 | 0,278 | 0,132 | 0,063
| can make an appealing choice | 11,6% | 0,063 | 0,031 | 0,015 | 0,007
| can choose quickly 8,6% | 0,039 | 0,019 | 0,019 | 0,009
Absolute Weight| 0,271 0,406 0,244 0,079

Functional Requirement Weight| 27,1% | 40,6% | 24,4%.| '7,9% |

10.3 Transfer of quantification

10.3.1 Ge|

Quantifica
target valu

neral

ion is used to set target values or specifications for the column information that ensures
es or specifications of the row information can bé/met. How to achieve the target valug

the
s of

specificati¢ns of the columns could be known or not knownyet, and are analyzed further in subsequent

matrices ir
10.3.2 Qu

10.3.2.1 U

In many ca
matrix pre
be prioriti:
informatio|

EXAMPLE

needs-func
planning ta
of 60,6 %, i
professiona

the sequence.
antify row information

Jse of pre-existing quantification\information

Ceding the current matrix(inthe sequence. In some cases, the pre-existing quantifications

kitchen=This information came from gemba visits and customer interviews.

red or not. Quantification/information can include target values, specifications, competi
h, and other relevant.details.

Table 9 (from“4SO 16355-4) displays quantifications for the row information. For the custg
ional requirements matrix (house of quality), this can come from the unweighted or weighted qu
li:le described.in [SO 16355-4. In this example, the target value for [ can get a taste I like with a prid
cludes adarget value of something delicious enough to beat the competitive offering of food frg

ses, the quantification of row\information can be done in a previous step such as in a table or

can
tive

mer
hlity
rity
m a
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Table 9 — Unweighted quality planning table for airport breakfast kiosk

Customer |Importance| Current situation Hoped for situation Competitiveness

=
9
=
©

with hoped for
peformance

Renormalized
level

CN Hierarchy

diagram
Magnitude of

current
with current
peformance

level
Magnitude of

Magnitude of
hoped for
performance
Competitor
Selling Point
Potential if

performance
level

level
Satisfaction

From
Satisfaction

Key Customer Needs

hoped for level

Prediction of
Kano Catergory

1.1.1 | CN#

at least one

I can make a heal . e . .
ca FLealiceldiy 19,3% only junk food| Dissatisfied healthy Neutral protein bar | minor

Expected

chroice

choice

1.1.2

| can get a taste I like

Very
satisfied

professional

0
60,6% kitchen

OK Neutral delicious Qpjor

Exciting

1.1.3

|l can make an appealing

Very
satisfied

profes§ighal
kivchen

local
specialty

nothing looks

11,6% go0d

Neutral minor

choice

Exciting

1.14

don't know if
time to
choose meal

onboard
snack box

at gate at 1st

boarding call Neutrah

I can choose quickly 8,6% Dissatisfied none

Expected

10.
Wh

qualntification information can be created by conjectiire subject to discussion or sui

cus

10

Thd
wit
pro

a corresponding problem, deficieneynor opportunity with the current level of performg

strd

EXA

B.2.2 Creation of new quantification information
bn quantification is necessary and pre-existing quantification information is insuff

fomers and stakeholders, or other means of validation:

.B.3 Use relationship weights to connect row quantification to column quantification

logic of QFD L-matrices is that if there is aliigh priority row, the columns with strong re
blem, deficiency, or opportunity withithe current level of performance of the row and co

ngly related columns.

MPLE In Table 5, the highest priority row, I can get a taste I like (60,6 %) has a very strong

cient, new
veys with

Jationships

h that row can also be high priority. Further, quantifications of the high priority rows caf indicate a

hsequently
nce of the

Felationship

withh # product varieties. TheTow quantification of delicious enough to beat a professional kitchen can create

a C(

professional kitchen.

10.

The
wit

rresponding opportunity.to improve the # product varieties to better than what would be

8.4 Quantify,eolumn information

quantification information for columns can come from hypotheses subject to discussion
n customeérs and stakeholders, experimentation, test, technical benchmarking or

ffered by a

or surveys
eardowns,

pro
tec

alte

NOTE 1

Lotyp€, or other means of validation. It can include additional information related to ¢

rnatives.

If specifications or targets are technically difficult, this can trigger innovation or creativi

pmpetition,

Tnical difficulty, or other important decision factors. Target values or specifications can r
performance 15 sutficient to fulil € Strongly related customer needs and excee €C

bflect what
ompetitive

ty efforts to

resolve the difficulty, or tradeoff decisions to optimize any technical conflicts. These are addressed elsewhere in

this

NOTE 2

document.

The customer needs-functional requirements matrix (house of quality) has a unique column

information table that corresponds to the row information table (quality planning table). The column information
table is called the design planning table.
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10.3.4.1 Design planning table information for the house of quality

10.3.4.2 General

The design planning table is used in the house of quality to help the QFD team set target specifications
needed to fulfill high priority needs better than the competition. The design planning table can be
unweighted information only or can be additionally weighted to adjust the column prioritizations.

NOTE1  Which information to use in the design planning table is optional, according the project.

NOTE 2  Since the effort to obtain accurate information is not trivial, the QFD team can elect to analyse only

Table 10.

the highest priority functional requirements.
10.3.4.3 Unweighted design planning table
Common ipformation displayed in the design planning table includes the following;yas shown in
Table 10 — Unweighted design planning table for airport breakfast kiosk
v
Functional £ RN I 5
. = NS I3 5
Requirements 2 E T 5
. w RS g 2
(for service) S - 9
2 Q§ 5 L= g
A 3 & =
<05 £ 2 £
t s #* #* *
SR1 SR2 SR3 SR4
Customer Priority 301% | 395% | 22.0% 84 %
0,
- § current ,10 % 2 3 0
_ & a display
©)3 g
E S 5 | competitor || 5% menu 2 2 1
<% |%T
SR 0
?‘ go 3 target 6(_) Yoam 6 5 1
A display
2 Relative to Much Much
N Judgment e Better Equal
Competition| Better | Better
Technical . . .
ecamica Judgment None Minor Minor Major
Challenge
Technical
eehmica Judgment Minor Major Minor None
Advantage
Kano Survey Exciting | Exciting | Expected | Expected

a) Functional requirements and their priorities from the house of quality.
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EXAMPLE 1

Table 10 brings over the functional requirement priority weights of 30,1 % for visibility

of options, 39,5 % for # product varieties, 22,0 % for # topping varieties, and 8,4 % for # heating options.

Performance levels of the current product and competitive products, corresponding to the

competitors in the quality planning table.

EXAMPLE 2

Table 10 shows that the level of visibility of options is 10 % of the display case and the

competitor which has a traditional menu devotes about 5 % to breakfast items. Number of bagel (a type of

breakfast roll) varieties is currently 2 and the competitor is also 2.

A performance target or specification sufficient to meet the strongly related customer
to beatthe r‘nmppfifinn toa r]pgrnp thatthe customer would consider pnrrhqcing the ne

needs and
w product,

despite the costs associated with a new purchase, learning curve, operator and servic
and other factors required to change from the existing product to the new one.

EXAMPLE 3 Table 10 shows a target value of 60 % of the display case can bésdevoted
items during the morning. The number of bagel varieties can be increased to 6.

NOTE1 The performance target takes into account the operating environinent of the targe
identified earlier in the QFD study, as explained in ISO 16355-2. For example; in the design of

e training,

o breakfast

k customers
a hand-held

light or torch, a reduction in weight (mass) of the light from 100 g to 98_g is probably insignificant if the

target customer is a camper in the campground. If the target customerjs’‘an astronaut in a spa
station, however, a two gram reduction in weight can lower launch cpsts by as much as € 1 000. H
target optimization and competitive benchmarking is explained ify detail in ISO 16355-6.

NOTE 2  If the current performance of a functional redquirément strongly related to a h
customer need already exceeds the competition, it can indicate that neither product is sufficient
customer need.

NOTE 3 If the current performance of a functional requirement strongly related to a h

e vehicle or
erformance

jgh priority
to meet the

jgh priority

customer need already exceeds the competition,lit can indicate that there is a problem with njarketing or

advertising the current product. This means that the customer perception captured in the qual
table of the competitor’s product being superior is contradicted by the actual performance of {
This means that the customer perception-is misled either by insufficient advertising of the
confusing advertising by the competition:

Judgment relative to competition‘can be useful in capturing the QFD team’s opinion abo
the performance target can endble a marketing or advertising campaign.

1) If the strongly related high priority customer need has a major selling point in
planning table, there can be a judgment of much better relative to the competition.

2) If the strongly Telated high priority customer need has a minor selling point in
planning€able, there can be a judgment of better relative to the competition.

3) Ifthestrongly related high priority customer needs has no selling point in the qualif

tableythere can be a judgment of equal to the competition.

ty planning
he product.
product or

ut whether

the quality

the quality

y planning

4) \Ih some cases, it can be determined that the current product is exceeding the c¢mpetition,
_\mﬂmmmmmmm&mw j i e target at

worse than the competition.

EXAMPLE 4

Table 10 shows that the QFD team judges that achieving the 60 % of display in the

morning can make our product much better than the competition. Offering six varieties of bagels also makes

the company’s product much better than the competition.

Judgment relative to technical challenge can be useful in capturing the QFD team’s opinion about
the difficulty in achieving the target value with the current or available technology in time for any

market launch commitment.

1y
then there is no technical challenge.
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2) Ifthe current or available technology cannot be sufficiently improved to meet the target value,
but there is a reasonable opportunity for innovation or creativity to result in a technology in
time for any market launch commitment, then there is a minor technical challenge.

3) Ifthe current or available technology cannot be sufficiently improved to meet the target value,
and there is not a reasonable opportunity for innovation or creativity to result in a technology
in time for any market launch commitment, then there is a major technical challenge that can
require research and development efforts, trade-offs, patent licensing, or other paths to a
solution.

EXAMPLE 5 Table 10 shows that the QFD team believes there is no technical challenge to arranging

the display case to hold 60 % breakfast items. Increasing the number of bagel varieties presents a,mfinor

technidal challenge in terms of inventory management.
f) Judgment relative to technical advantage can be useful in capturing the QFD team’s gpinion aljout
technifal leverage for other product lines or future products.

1) If meeting the target value in this product has little or no potential to beleveraged for other
cufrent or future products, then there is no technical advantage.

2) If meeting the target value in this product has real potential to be léveraged for other curfent
or|future products, then there is a minor technical advantage.

3) Ifneeting the target value in this product has great potentialté be leveraged for other curfent
or|future products, then there is a major technical advantage.

EXAMHLE 6 Table 10 shows that the QFD team judges thebe can be a minor technical advantage to

making the display case time-of-day flexible. This then allowsmore lunch and dinner products to be offg¢red

at the appropriate time, which is a major technical advantage,
g) Resultk from a Kano model survey can be displayed’in the design planning table.
EXAMPLE 7| Table 10 shows Kano survey results confirming that increasing visibility of options to 60 % of the

display casq
is an excitin
be very sati

10.3.4.4 1

10.3.4.4.1

The Kano
fulfillment
extends th
as defined

in the morning can be satisfying to custoniers but that keeping it at 10 % is not dissatisfying, w
g quality category. Kano survey results.confirm that increasing number of bagel varieties to six
5fying to customers but that keepirlg it at two varieties is not dissatisfying.

raditional and new Kano-model

General

model is a survey method that seeks to understand the relationship between phyq
(or not) of appreduct function or feature and customer satisfaction.[26] The new Kano m
b binary sutvey question to a series of performance levels.[47] Since a functional require

in 1SO-36355-1:2015, 3.4 is a product characteristic or capability, the traditional K

question agldresses capabilities and the New Kano question addresses characteristics.

10.3.4.4.2

hich
can

ical
del
ent
ano

£ ditional X .

For each product capability or feature, an inversely-paired set of questions is asked.

EXAMPLE

a)
b)

Iftheb

For the airport breakfast kiosk, these questions were surveyed.

agel can be toasted, are you satisfied, neutral, or dissatisfied? (Largest response was neutral.)

If the bagel cannot be toasted, are you satisfied, neutral, or dissatisfied? (Largest response was dissatisfied.)

As shown in Table 11, a response of neutral if fulfilled and dissatisfied if unfulfilled, it is interpreted as
“expected quality.”
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10.3.4.4.3 New Kano survey questions

For each product characteristic, questions at various specific performance levels are asked.

EXAMPLE

For the airport breakfast kiosk, these questions were surveyed. The results are entered into the

design planning table. It was determined that offering four standard varieties plus two seasonally changing
varieties would achieve good choice without the risk of too many choices causing a queue to form.

a)

b)

9

d)

e)

NO1
diss|

NOT
can
calc

NOT

10.

Degending on the question and response, the following interpretations can be made, ag
Tab)

If two bagel varieties are offered, are you very satisfied, satisfied, neutral, dissatisfied, or very dissatisfied?

(Largest response was neutral.)

If four bagel varieties are offered, are you very satisfied, satisfied, neutral, dissatisfied, or very dissatisfied?

(Largest response was satisfied.)

(Largest response was very satisfied.)

(Largest response was very satisfied.)

dissatisfied? (Largest response was extremely satisfied.)

htisfied, and very dissatisfied response.
E2 Customers knowledgeable about the product tend “t0 respond accurately. Fielding 1
ulations explained in ISO 16355-4.

E3  Queried functional requirements can be limjted to 20 to avoid survey fatigue.

8.4.4.4 Interpreting the traditional and-new Kano survey responses

le 11:

Exciting (Kano originally texmed Attractive) — an exciting product function or feature
satisfaction when fulfilled, but is not dissatisfying when unfulfilled;

Desired (One-dimensional) — a desired product function or feature which results in s
when fulfilled, and-dissatisfaction when unfulfilled;

thus not resporided as satisfaction, but results in dissatisfaction when not fulfilled;

Indifferent'— a “don’t care” product function or feature which results in neither satis
dissatisfaction, regardless of being fulfilled or unfulfilled;

If six bagel varieties are offered, are you very satisfied, satisfied, neutral, dissatisfied, or'very dissatisfied?
If eight bagel varieties are offered, are you very satisfied, satisfied, neutral, dissatisfied, or very dlissatisfied?
If seasonal bagel varieties are offered, are you very satisfied, satisfied, neutral, dissatisfied, or very

E1 At least five performance levels can be queried to establish a very satisfied, satisfiled, neutral,

espondents

focus on the target customers identified in ISO 16355-2..Number of respondents can reflect [sample size

shown in

vhich gives

atisfaction

Expected (Must-be) — a product function or feature which is taken for granted when filfilled and

faction nor

Reverse — an undesired product function or feature which results in dissatisfaction wh

en fulfilled

and satisfaction when unfulfilled;

Skeptical — an illogical response where the paired responses are both dissatisfied o
suggesting the question was poorly constructed.

© IS0 2017 - All rights reserved
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Table 11 — Traditional Kano survey response interpretations

Quality
Characteristic Physically Fulfilled
Fulfillment
Feeling of o oy
: : Dissatisfied Neutral Satisfied
Satisfaction
S
S E Dissatisfied Skeptical Expected Desired
o =
> G
i S Neutral Reverse Indifferent Exciting
Satisfied Reverse Reverse Skeptical

10.3.4.4.5| Graphing the traditional Kano model

Each functjon or feature can be graphed, as shown in Figure 7. Since the traditional Kano survey gsks
only binary questions, it yields only two data points, sufficient to graph-oenly a line. This example is
from the afrport breakfast kiosk.

| satisfied feeling |

N
Satisfied | »

EXCITING QUALILY

Fulfillment‘ State of physical
- fulfillment
/ toasted bagel I

Non-fulfillment

DESIRED QUALITY EXPECTED
QUALITY J
v Dissatisfied
no bagel
toasting

Figure 7 — Fraditional Kano model graph of exciting quality and expected quality

10-3-4’-4‘.6 Gl aphius thc IICTW I(auu lllUdCl

With three or more data points from the new Kano survey questions of performance levels, curves
can be graphed to interpolate additional values as shown in Figure 8. This example is from the airport
breakfast kiosk.
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Satisfied feeling

10.

If th
tab
the

Extreme [
Satisfaction A
EXCITING
QUALITY
_//
#varieties ——— >
2 4 6 seasonal
DESIRED QUALITY
[ EXPECTED QUALITY }
/ |
Extreme

Dissatisfaction

Figure 8 — New Kano model graph of exciting quality and expected quality

8.4.4.7 Using Kano survey results in the design planning table

e functional requirement is a capability, it can beentered as the target value in the desig

pla

EXAMPLE
suryey section of the quality planning table as “expected.” This can be used to validate or adjust the
aboye. The results of the performance levels in the new Kano survey questions about # varieties
into[the Kano survey section of the.quality planning table as “exciting.” This can be used to validate
target value above.

NOTE Look for a corfe§pondence between the predicated Kano category for the customer 1
quality planning table apd)the actual Kano survey results for functional requirements that are stro
to the customer needs:

10.

10.

level the QFD team determines it wishes tg'achieve can be entered as the target value in
ning table along with the appropriate.Kano survey result.

8.4.4.8 Other uses of Kano model

8.4,4.8:1 Adjustments for market segments based on Kano model

n planning

e along with the appropriate Kano survey result. If the new Kano survey result is a characteristic,

the design

The results of the binary Kamno survey questions about bagel toasting are entered infto the Kano

farget value
are entered
r adjust the

eeds in the
hgly related

Sur

ey responses-are market anmﬁr‘ I(pv market or customer segments identified earlier

in the QFD

process can be surveyed first, since dlfferent segments can yleld different response categories. For
example, remote control starting that would be exciting by an entry level vehicle consumer might be
considered expected by a luxury level vehicle consumer. Market and customer segmentation concerns

are
a)
b)
‘)
d)

©IS

explained as follows:

identifying and prioritizing key market segments are explained in ISO 16355-2;
survey creation and fielding methods are explained in ISO 16355-3;

survey sample size calculations are explained in ISO 16355-4;

sorting survey responses by market demographics can reveal hidden segments.

02017 - All rights reserved
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EXAMPLE An automotive manufacturer discovered in a new Kano study of stopping distance that
aggregating all responses masked the variation between male and female drivers of an entry level vehicle. When
these were broken out by sex, they were able to see product variations that satisfied male and female drivers
which could then be reflected in different performance packages available to the consumer.[4Z] This is graphed in

Figure 9.

Male —

113
ALL — Feet Stopping Distance 60 mph to 0

Dissatisfied

Cugtomer Variation

Figure 9 — New Kano model graph of stoppingdistance targets, by sex

10.3.4.4.8)2 Adjustments for competitive products and time based on Kano model

When an ¢xciting product feature or performance level is introduced, competitors seek to copy it.
Eventually| all products can have this feature-or performance level, and it can become expected.|For
example, afitomatic syncing a personal device with an automobile infotainment system was once found
only on luyury vehicles, but is now standard on almost all vehicles. The effects of competition and time
on the Kanp model are shown in Figure«10{47]

SATISFACTION
(+)
%

%

<& ®
PERFORMANCE

Figure 10 — New Kano model graph of influence over time

()

10.3.4.5 Weighted design planning table

Weighting of the design planning table allows for adjusting the impact of these other factors on the
functional requirement priorities. Weight adjustments help the QFD team allocate constraints
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such as human resources, schedule, and budget with greater precision. According to the project
goals determined earlier in the QFD project, it can be that the customer need-prioritized functional
requirements, competitive benchmark, technical challenge, and Kano survey results are not equally
important factors. For example, if the company is trying to grow the market, then customer need-

prioritized functional requirements can be the most important factor. If a competitor has

a preferred

product, then competitive benchmark can be the most important factor. If there are no preferred
solutions, then technical challenge can be the most import factor. If the company is considering a new
technology, then the Kano survey can be the most important factor. Modern QFD allows weighting of

these factors as shown in Table 16.

NOTE 1 The weighted design planning table adds absolute weights to the unweighted design plan

ning table in

10.3.4.3 which contains verbal information only.

EXA
QFD
prio
in 7]
eno

MPLE1 In this example from the airport breakfast kiosk, an AHP paired comparisen\was
team on these four factors yielding these factor priorities: customer-prioritized functional
rities: 57,3 %, competitive benchmark: 10,6 %, technical challenge: 5,9 %, and Kano survey: 26,2

gh to include in this fine-tuning.

Table 12 — AHP weighting of design planning table adjustment factors

Customer
Technical
Kano

factors normalized columns sum ro

pble 12. The QFD team did not consider the technical advantage information found in Table ¢

Hone by the
equirement
0, as shown
) significant

1

v avg

—_

3

1/3

1/5
{

0,526 0,500
0,105 0,125
0,053 0,063
0316 0313 0,221| 1,050

0,662
0,074
0,044

2,291
0,424
0,235

Customer 0:603
0,121
0,075

0,201

— w1 Competition

Competition 1 / 5
1/8

1/3

]
&
=
2
"
<
S
8
2
1

Technical Challenge 1/2

3 5

Kano

[l
[
[
(

,573
,106
,059
,262

1,000 1,000 1,000{ 4,000
Inconsistency Ratio

1,66 950 16,000y 4,53 1,000

EXA
to 1
prig
thrd
prig

MPLE 2
rity is multiplied by the factot-weight for customer of 0,573. Thus, 30,1 % x 57,3 % = 17,2 %

rities sum to the factorweight.

EXA
QFD
Tab]
columns. The valyes are then normalized by summing them and dividing each by the sum. These value

MPLE 3 In this_eXample from the airport breakfast kiosk, an AHP paired comparison was
team on the competitive levels of much better, better, equal to, or worse than the competition,

into

The customer need-prioritized functional requirements weights are already normali3
00,0 % as shown in Table 16. In AHP, these are called local priorities. To adjust these weight

e decimal places. These are-called global priorities. This is repeated for all columns. As a checl

e 13. When the judgment is much better, a value of 55,8 % is entered into the table. This is rep

com

Table 16%s)a local priority. To adjust these weights, each local priority is multiplied by the factq
petitiofiiof 0,106. Thus for visibility of options, 37,2 % x 10,6 % = 3,9 %, rounded to three decimal g

©IS

02017 - All rights reserved

,000
0,0

ed and sum
, each local
rounded to
x, the global

)|

Hone by the
hs shown in
bated for all
are entered
r weight for
laces.
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Table 13 — AHP weighting of levels of competition

e
3]
£
2
= 2 = %
5 % 2 S
Competition 3 M E S normalized columns sum rowav
Much Better 1 3 5 7 0597 0662 0536 0438 2232] 0,558
Better| 1/3 1 3 5 0199 0221 0321 0313] 1,053] 0,263
Eqtal—1/5 3 1 3 5 H9—6,074—6,107—6,188— 6487 —6;122
Worse| 1/7 1/5 1/3 1 0,085 0,044 0,036 0,063 0228 0,057
1,68 453 933 16,00 1,000 1,000 1,000 1,000{ 4,000]." 1,000
Inconsistenm
EXAMPLE 4 In this example from the airport breakfast kiosk, an AHP paired comparisonwas done by the

team on the
a value of 1
summing th
these weigh
visibility of

NOTE2 1
of directing
small budgg
for the purp

Technic

EXAMPLE 5
QFD team
in Table 15

them and d

D,6 % is entered into the table. This is repeated for all columns. The valuésjare then normalize

poptions, 8,4 % x 5,9 % = 0,5 %, rounded to three decimal places.

development effort to this challenge. In projects where speed-to-market, insufficient resources,

ose of directing development effort away from this challenge.

Table 14 — AHP weighting of levels of technical challenge

technical challenge levels of major minor, or none, as shown in Table 14. Whetrthe judgment is nl

em and dividing each by the sum. These values are entered into Table 16-ds a local priority. To ad
ts, each local priority is multiplied by the factor weight for technical challenge of 0,059. Thus

t constrains the team, they can score a major technical challenge inversely, which lowers the wd

QFD
one,
1 by
just

for

In this example, a major technical challenge is scored very strongly, which adds weight for the purjpose

ora
ight

. o
© %)
g £ E
al Challenge s s = normalized columns sum row avg
Major 1 3 5 0,652 0,692 0,556| 1,900} 0,638
Minor 1/3 1 3 0,217 0,231 0,333] 0,781} 0,26p
None 1/5 /3 1 0,130 0,077 0,111 0,318} 0,106
1,53 4,33 9,00 1,000 1,000 1,000f 3,000f 1,00
Inconsistency Ratio 0,0
In this example/from the airport breakfast kiosk, an AHP paired comparison was done by] the
bn the Kano diodel categories of exciting, desired, expected, indifferent, and reverse, as shpwn
When the survey indicates the functional requirement target level would be exciting, a valye of
50,3 % is emntered infe the table. This is repeated for all columns. The values are then normalized by sumrhing
viding each by the sum. These values are entered into Table 16 as a local priority. To adjust these
th 16cal priority is multiplied by the factor weight for Kano of 0,262. Thus for visibility of options,

weights, ea
39,5 % x 26

2% = 10,4 %, rounded to three decimal places.

NOTE 3

The AHP scoring of the Kano categories can be changed according the project and customers. In

very new technology projects, for example, just meeting expected quality can be judged by the team to be more
important than exciting quality.

EXAMPLE 6

34

The global priorities are then summed for each functional requirement to calculate the adjusted
priority. For visibility of options, 17,3 % + 3,9 % + 0,5 % + 10,4 % = 32,0 % rounded to three decimal places.
Optionally, rank order can also be displayed, as shown at the bottom of Table 16.
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Table 15 — AHP weighting of Kano categories

=

P 3 ¥ ;¢

s : % £ i

3 n a = >
Kano § 8 & £ § normalized columns sum rowav
Exciting] 1 3 5 7 9 0,560 0,642 0524 0,429 0,360 2514 0,503
Desired 1/3 1 3 5 7 0,187 0,214 0,315 0,306 0,280 1,301 0,260
Expected] 1/5 1/3 1 3 5 0,112 0,071 0,105 0,184 0,200{ 0,672] 0,134
Indifferent] 1/7 1/5 1/3 1 3 0080 0043 0035 0061 0120 0339| 0,068
Reverse| 1/9 1/7 1/5 1/3 1 0,062 0,031 0,021 0,020 0,040| ,0)1F4| 0,035
1,79 468 953 16,33 25,00 1,000 1,000 1,000 1,000 1,000} 50p0| 1,000

Inconsistency Ratio
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Table 16 — Weighted design planning table for airport breakfast kiosk
Functional Requirements (for service)

5 8 g 0
= g & S
£ g g 5
> S 2 =]
£ 3 = =
3 g g 5
@ o = a5
= H= H= i
SR1 SR2 SR3 SR4
5 prioity| = 30,1% 39.5% 22,0% 84% 100,0%
g Local Priority, 2 30,1% 39,5% 220% 84% 100,0%
© Global Priority BRI | 17.2% 22,6% 12,6% 4,8% 573%
= 5 current| 10% display 2 3 0
(S s
= competitor| & 5% menu 2 2 1
8E g 60% am 6 s ]
target - display
- Judgment Much Better | Much Better Better Equal
=]
z Vaue| = 55,8% 55,8% 26,3% 12,2% 1501%
g Local Priority| £ 37.2% 372% 17.5% 8,1% 100,0%
Global Priority IR | >°% Gk ik Loth 10,6%
Judgment None Minor Minor Maijor
TS5
£ g Valwe| = 10,6% 26,0% 26,0% 63,3% 126,0%
QL © r—
e S Local Prioroty| 8.4% 20.7% 20,7% 50,2% 100,0%
Judgment Exciting Exciting Expected Expected
2 Value| & 50,3% 50,3% 13,4% 134% 127.4%
! —
Local Priorotyl~ £ 39,5% 39.5% 105% 10,5% 100,0%
Globatbriority JEIEY | 104% 104% 2.8% 2.8% 26.2%
A
< Adjusted Priority| | 32,0% 381% 18.4% 11,4% 1000%
Adjusted SR Rank 2 1 3 4
10.3.4.6 Assembling the house of quality

The customer needs-functional requirements matrix (house of quality) is often displayed with the
various “rooms” of the quality planning table and design planning table attached, as shown in Table 17.
This can be useful in confirming analyses of correspondence between the quality planning table and
design planning table, as well as in management presentations. The quality planning table is referenced
in ISO 16355-4. The L-matrix is referenced in 9.3.6. The design planning table is referenced in 10.3.4.1.

NOTE1 The example of the airport breakfast kiosk has been reduced to only four customer needs and four
functional requirements to simplify the explanation. It is not impossible for QFD L-matrices in general and the
house of quality specifically to grow to 1 000 rows by 1 200 columns for very complex projects. In such cases,
building the various “rooms” separately and assembling them later can be easier to manage.
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Modern QFD teams can begin with the maximum value table in 9.2 before doing any L-matrices. By

definition, the maximum value table include all the high priority information contained in the house of quality

and

10.

the subsequent matrices in the comprehensive QFD sequence in Figure 3.

4 Transferring deployment sets by dimensions and levels

10.4.1 Deployment sets

10.4.1.1 General

Tra
tab
(dis
Not
and

NOTI
10.2

10.
The

d)

de
hea
org

NOT1
qua
orb

Mc;iern QFD dimensions include schedule deployment to improve project timeline

hsfers of prioritization and quantification can be done in deployment sets with m4
es organized into both dimensions of design (displayed vertically in Figure 3) and.level
played horizontally). A matrix or table occurs where a design dimension and a design-leve
every deployment is required for every project. The layout of the deployments,which ch
in what sequence can be tailored to the organization’s product development process.

E L-Matrix deployment sets are examples of priority transfers using cascading matrices
2.2.

1.1.2 Classical and modern QFD design dimension deploymentsets

deployment sets are as follows:

quality deployment is used to improve the performange of a new or existing product;
technology deployment is used to ensure customer, satisfaction with new technologies;

cost deployment is used to target cost for\new products or reduce component co
negatively impacting customer satisfaction;

reliability deployment is used to prevenbfailures in the new product;

oyment to prevent unauthorized access to information, safety deployment to ensurs
th and safe use, regulatory deployment to ensure compliance with environmental and
hnizational deployment to-ensure policies are complied with, and others.

E Generally, design dimension deployment sets have a departmental or business function fg
ity, technology, reliability, and the others mentioned above. This is useful in determining which d
Lisiness functions are<+o be involved in the QFD process as subject matter experts.

trices and
s of design
l intersect.
qrts to use,

hs shown in

st without

b, security
consumer
bther laws,

cus, such as
epartments
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2017(E)

Table 17 — House of quality assembled from L-matrix (Table 5), quality planning table (Table 9

ISO 16355-5

v ¢ L z uey yf paisnipy
%0001 % 1L %8k %188 %028 _ _>._B_E peisnipy
%298 %8'T %8'T %0k %0k
%0001 %S0k %504 %g6E %g6E & f1o01014d e00 =
%b'Le %p'El %b'eh %E'05 %E'05 = [eriea 3
pejoedx3 peledx3 Bupioxg Buiox3 luswbpnp
%6’ %6 %2 | %21 %S0 E._E_E [eqo1d
%0001 %2'0S %202 %102 %h'g m K101011d [e00T m m
s g
%0'9Z} %E'€9 %092 %0'92 %901 = feren 28
R
10l Joun Joun BUON ewbpnp
%901 %6'0 %61 %6'C %6E E_s_& [T
o
%000 %1'8 %g'LL %2'LE %2'LE s farionid eoo E
%Host %22} %E'9T %8'SS %8'SS = feren W
enb3 leneg Jeneg yoniy Jeneg yony uswbpnp =
. R R Aeydsip < 1eb.e) .
we %09 5 5 §
g 5
L z z nuBW %g m 1lomedwos E m
[] € 4 Keydsip %01 ® fueuno =7
%E'LS %8y %9Th %922 %T'LL E._s_i [qo10 .
=
> wr's o'z %is'ee %k 08 & [fuoudizoor g
%000}, %b'8 %022 %G5'68 %1'08 = [fwsoud 8
) . ) ) ) ; ) ) 1] [o%00 0200 0200 /00 . oy
%hEk %6 | %52 | %09 | paaseg %50 | %8 | ugoL | OoN ugh | oge | %gen | mnbd | s |y | s | e | gl | %l ° © © e || %o Ap1ainb asooyd uea | e
- . ) . ) €100 1200 8500 9110 wall IOYI|
%9vL %6'G | %S2e | %0'9g | palsa %t | %L0e | %092 Jouly %60 | %8 | %LG | 9siom ¢ 12 S %99 | %9 | %69 . =
el el e | i e s R e < © e e || %Y Hujeadde ue ayew uea || &
8900 210 2060 B =y
%0'S WL | r'sy | %gos | Bupod T | W05 | o | BN || 0y | TS| uger | e | 5 | 6 | b || %L | U808 | NG | S © * © %9 oyl | eisepejeb ued | =
N
| 0000 950 9100 2200 =y
%E'6l %0 | %911 | %r'sl | paroady WL | RO | WS | JOUN || %Y | %18 | eS| g | v | 6| T || 0| B | Y © ° .x.m.&— 8210y2 Ayjeay e oYew ued || =
EE— :
v o ﬁg_ﬁ E_a____asa [ Pl om0 vad tHd |, eud a4 2 SPadN Jowo}sny
) N m ) I m ) = = =5 518 ¢ () I3 £l T 3+ a3 2
E| (g|8|&]|f¢f mmmMmmwmmmmemwlexrdem
= o 8 3 £3 o 8 = =5 -4 o o =1 @ 3 o ® S .
2 e b= § v e = a 53 2 3 | £ e ~ |8 |2 2 S | F @ o o
2 - | 2| 5|58 S ? > | 2% 7 | 2|5 | 58 17l 5| 2% = 3 =
= I O S - B L g | 3| g | g ||| 8| || |g]|s g | 5 &
g g | < 5 RN s g | <|5 = g | < > @ = m o
e H ° 5 5 /
S ) o sjuswalinbay [euonouny
ouey SoeS uonedwo) Kanins sowojsna Jawojsngy o % %

© ISO 2017 - All rights reserved

10308}

38


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

10.4.1.3 Classical and modern design level deployment sets

The various QFD deployments help the team understand different dimensions of the product,

as follows:

a) customer deployment to understand the customer problem space, independent of the solution space;

b) function deployment to examine in detail what a product does;

c) new concept deployment to identify and select innovative and inventive technologies;

d) component deployment to identify and prioritize the subsystems, components, parts, materials,
tasks instructions software code and other basic elements of the prnr‘]nr‘f;

e) |manufacturing deployment to identify and prioritize what steps, equipment, resourees are required
to build the product;

f) |production deployment to identify, prioritize, and set targets for what a¢tivities, pgrformance
levels, setups, are required to produce and assemble the product;

g) |process deployment to identify, prioritize, and set targets for processes and parameters

Modglern QFD levels include testing and validation deployment to, prieritize testing and dompliance,

sysfems engineering to define customer problems space and solution space independent pf enabling

technologies, and others.

NOTE1 Generally, design level deployment sets have a sequential focus that can vary according to
Sonje projects begin at a product system level, then subsystem,then component, and then process |
usefful in determining when departments or business functions-are involved in the QFD process as su
experts.

NOTE 2 The maximum value table described in 9.2\¢an include the strongly related items for ea
need from all design dimensions and all design levels in the deployment sets. This is very effective :
but [for only 3-5 of the highest priority customer needs. If more customer needs are to be examin

the project.
evel. This is
bject matter

h customer
nd efficient
bd, than the

deployment sets described here are useful. QFD:teams can begin with the maximum value table so thgt key design

elements can be identified and addressed night away, while the other deployment sets are being com

10.4.2 Quality deployment

10.4.2.1 General

10.
Qug

req
con|
con
tab

1.2.1.1 Objective

lity Deployment focuses on transferring prioritized customer needs into prioritized
1irements_and performance targets structured at the product level, system level, subsy

Sisteney of quality of design and build and be identified in quality assurance and qua
es. This creates a development process that is customer driven and ensures the product 3

bleted.

functional
stem level,

ponentilevel, and process level in order to systematically assess what information can inprove the

ity control
nd process

arelcansistent with these drivers

NOTE 1

Deployments for service and software products can be different. For example, iterative and

incremental processes like software development with scrum or other agile processes, the deployment layout

can reflect an explicit iterative and incremental structure.[18][54]

NOTE 2  Quality deployment is referred to in JIS Q 9025, 6.2 and 9.2.[24]

10.4.2.1.2 Composition

As shown in the quality deployment section of Figure 3 (left-most section as well as the bottom row),
quality deployment consists of the following matrices, tables, and charts which transfers priorities

from the customer needs to the following dimensions:

a) functional requirements (see 10.4.2.2);
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compo

proces

f)
NOTE

functions (see 10.4.2.3 and 10.4.2.4);

nents (see ISO/TR 16355-8);

quality assurance (see ISO/TR 16355-8);

ses charts (see ISO/TR 16355-8);

quality control tables (see ISO/TR 16355-8).

An example of the quality deployment flow of charts and tables is shown in B.4.3.

10.4.2.2 (

This matri
transferrin
It helps thg
to custom
technologi
this docunj

NOTE ’
Comprehen
to-print aut
this as the A

10.4.2.3 (

10.4.2.3.1

The use of
do in orde
descriptio
both use fi
product fe:

10.4.2.3.2

The custon

a) The u

engine

b) Them
high p

concef

ustomer needs-functional requirements matrix (house of quality)

x is detailed in 9.3.6. It is the most popular of matrices because it starts the .abalysi
g weighted customer needs and targets into weighted functional requirements’and targ
QFD team determine what functional and performance levels can really niake a differg
brs, and what is technically feasible. These concerns can lead the teanDto explore
s, consider the impact of tradeoffs, and then optimize the design. Laterclauses and part
ent include methods and tools for this.

'he customer needs-functional requirements matrix (house of quality) is labelled matrix 1-I in

b parts suppliers recognize this as house 1.[16] Readers familiar with the matrix of matrices recog|
-1 matrix.[28]

ustomer needs-function matrix

General

" for the product to be acceptable to the’ customer. Functions are generally a performa

using an active verb plus a noun that have measureable parameters. Products can h
nctions and aesthetic functions#3Z] Functions serve many roles in QFD in order to add
itures, technology concepts, cost, Teliability, and other design dimensions.

Purpose of the customerneeds-function matrix
her needs-function matrix serves the following purposes.

be of functions\in QFD comes from its association with value analysis (VA) and v
ering (VE), a@imethod used for cost reduction at the design level.

htrix ideftifies which functions have a strong relationship with customer needs. If there

t that'can result in dissatisfaction. If there are functions without strongly related custo

5 of
ets.
nce
hew
s of

the

bive QFD flow chart in Figure 3.[1] Readers familiar with the 4-phase*QFD model developed by build-

hize

Lhe word “function” in QFD is explained in" SO 16355-1. Functions are what the product npust

nce
ave
€SS

hlue

are

riority customer needs without strongly related functions, there can be a gap in the product

mer

needs,

there can be overdesign or no-longer-necessary features that can drive up cost.[50][51]

c)
the QF

NOTE

D team allocate technical resources to functions with high value to customers.

The matrix transfers customer needs priority weights into function priority weights, which helps

The customer needs-function matrix is labelled matrix 2’-I in the Comprehensive QFD flow chart in

Figure 3. Readers familiar with the 4-phase QFD model developed by build-to-print auto parts suppliers notice
that this matrix is not included, since product functions were usually defined by the equipment manufacturer
in the 1980s when this approach was truncated from comprehensive QFD. Readers familiar with the matrix of
matrices recognize this as the B-1 matrix.[28]

10.4.2.3.3 Building the function tree

Like most deployments in QFD, building a new information set requires a structuring process to ensure
the information is mutually exclusive and collectively exhaustive (MECE). This is necessary when
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making subjective judgments on the strengths of relationships between the columns and rows in order
to use the analytic hierarchy process (AHP) to improve the accuracy of the transfer of customer need
weights into function weights. The following steps can be followed.

a) Brainstorm the functions. Technical members of the QFD team can lead this analysis.

NOTE1 Value engineers recommend avoiding the verb provide in describing functions, as this is a weak
substitute for the actual action.

EXAMPLE 1 For the airport breakfast kiosk, service functions include source product, sell product,
and others.

b) |Structure the functions into a function tree, a type of hierarchy diagram described in'1§0 16355-2.
A function tree is structured using a why-what technique. When moving from detailed [to abstract
levels, the items to the left describe why the function is being performed. When m¢ving from
abstract to detailed levels (left to right), the items to the right describe what funetion is performed.

NOTE 2  If the next level to the right describes a specific method or technology, stop-and do not infclude these.
Chefk for MECE. Some branches of the function tree can have different levels of detdil to the right.

EXAMPLE 2  Figure 11 shows the various detailed functions for the departments of the kiosk.

) éburce Product

. TR

Prepare Product

SKkip Product

Finish Preparation

Sell Product

Display Product

Maintain Product

Figure 11=/Function tree for airport breakfast kiosk service functions

10.4.2.3.4 Building the customer needs-function matrix

The L-matrixs used for the customer needs-function matrix. This document follows the fonvention
of using tmatrix rows for the already-derived information and weights and the columns foi the to-be-
derjved information and weights. Note that this matrix is rotated 90 degrees in the comprehgnsive QFD

flo! rdinaram for dicnlavy nuirnacac anly Thao ctanc ara ac fallavasc
Vo g Toir ToT Sro Pty pPot P oot Oy T oot po T oot ToOTTo vy o

a) Insertinto the rows the customer needs and weights from Table 5. If the weighted quality planning
table described in ISO 16355-4 is used, the adjusted priorities can be used.

b) Insertinto the columns the function tree to the most detailed level.

c) Using the cause-to-effect approach and working row-by-row, determine the strength of the
relationship of each most detailed level function to achieving the customer need. Use the icons and
symbols shown in 9.3.3.

d) Transfer the priorities of the customer needs into priorities for the functions following the steps
in 10.2. If cost deployment is to be used later in the QFD study, then the proportional distribution
method in 10.2.4.4 is recommended. Optionally, the prioritized functions can also be rank-ordered.
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EXAMPLE

Table 18 — Customer needs-function matrix for airport breakfast kiosk (proportional

Table 18 uses proportional distribution to transfer the customer needs priorities to the functions.

distribution)
Functions | commissary | OPERATIONS |
=
§=]
03 | 23| 23T = g s | 238 | §3
z €3 | 38| 38 | o2 | B8 2| 28 | 23
S 32 g e 228 | £8 2 | T8 = s 2
& v o =< o o o v o oo = oo =0
Customer Needs Enl En2 En3 End Ens Enb. Enl En
: ] ] ] > 9 ® ]
| can make 3 healthy choice | 19,3%
0015 0015 0.015 0015 0,033 0,000 0,065 033
: ® ® ] ® ™ D> ® [ ] o;
I can get a thste | like 60,6%
0107 0,107 0,025 0,107 0,017 0,025 0,107 {0,107
I can make gn appealing 11.6% L L » ® CI » D D
. il
chOI(:e 0,028 0,028 0,007 0,028 0,007 0,007 0,007 [o.007
. ] ] ]
I can choosg quickly 8,6%
0,029 0,029 0,000 0,000 0,000 0,029| 0,000 {0,000
9 Absolute Weight 0,179 0,179 0,048 0,151 0,057 0,061 0,179 147
5 Function Weight 17,9% 17,9% 48% 51% 67% 61% 17.9% 11,7%
g Function Rank 2 2 8 4 7 6 1 5

10.4.2.4 Hunctional requirements-function matrix

10.4.2.4.1| General

This L-mafrix is a more technical view of functions-Since it relates functional requirements (prodluct
characterigtics and capabilities) and functions.

10.4.2.4.2| Purpose of the functional requirements-function matrix

The funct:[nal requirements-function.matrix serves the following purposes.

a) The

atrix identifies which functions have a strong relationship with product functignal

requirpments. If there are high-priority functional requirements without strongly related functipns,
there ¢an be a gap in the product concept that can result in non-performance, under-performahce,
or misping features. If there are functions without strongly related functional requirements, there
can be|overdesign orno-longer-necessary features that can drive up cost.[50][51]

b) The matrix transfers functional requirements priority weights into function priority weights,
which helps the-QFD team allocate technical resources to functions with high value to customers.

c¢) The matfix'is also helpful in addressing engineering bottlenecks, cost, and design optimization

NOTE The functional requirements-function matrix is labelled matrix 2-I in the Comprehensive QFD flow
chart in Figure 3. If this matrix is done with proportional distribution, functional requirement target costs can
also be calculated and recorded in matrix 2’-I1I in Comprehensive QFD. Readers familiar with the 4-phase QFD
model developed by build-to-print auto parts suppliers notice that this matrix is not included, since product
functions were usually defined by the equipment manufacturer in the 1980s when this approach was truncated
from comprehensive QFD. Readers familiar with the matrix of matrices recognize this as the A-2 matrix[28].
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10.4.2.4.3 Building the functional requirements-function matrix

The L-matrix is used for the functional requirements-function matrix. This document follows the
convention of using matrix rows for the already-derived information and weights and the columns for
the to-be-derived information and weights. The steps are as follows.

a) Insert into the rows the functional requirements and weights from the columns of Table 5. If the
weighted design planning table described in Table 16 is used, the adjusted priorities can be used.

b) Insertinto the columns the function tree to the most detailed level.

¢) [Bsimg—thecause-toeffectapproach—and—workingrow-by-row, determime—the—strength of the
relationship of each most detailed level function to achieving the functional requiremgnt. Use the
icons and symbols shown in 9.3.3.

d) |Transfer the priorities of the functional requirements into priorities for the functions following the
steps in 10.2. If cost deployment is to be used later, then use the proportiohal distributjon instead
of the independent or ideal distribution. Optionally, the prioritized functions can algo be rank-
ordered.

NOTE Since customer need priorities drive both the customer neéds-function matrix (directly) and
the |functional requirements-function matrix (indirectly through the house of quality), the rank-orderings
of flinctions in both matrices can be checked for similarity. Typically, the top 10 % of functions afe the same
althpugh the priorities and rank order can be different.

EXAMPLE Table 19 shows how the business functions ef source product, acquire product, pnd display
progluct are most important to improve. Later in the study,«this can lead to new supplier, storage, [and display
solutions and requirements. The top ranking functions arethe same as Table 18.

Table 19 — Functional requirements-function matrix for airport breakfast kiosk (ideal
distribution)
Functions | commissaRy | OPERATIONS
\ O E
b @ 23 ] T o 3 > g £ 3
. > = 5 = w = = L ® =] 8 S — =
- = © 53 == =y =] =N =] R =T _ = [=T=] ==
~ g E = g 8 = B £ g2 3 2 2 2 T 2
g i§\wn. 2 & oo - i a - (== =co
Sefvice Requirements ™ ,.O Fnl Fn2 Fn3 Fnd fn5 fnb fnl fng
N\
il | - . » | ] ] » 9 L] <
= | |Visibility of options ()0,1%
0,071 00711 0,071 0,071 0,150 0,000 0,391 0,150
. O\ ® ° » ° y » ° el
2| [# Product vanetes)% 39,5%
AN 0,395 0,395 0,094 0,395 0,044 0,094 0,395 0,395
. §< - o o D e > > 4 ] ]
4 #Toppmg&?{e ies 22,0%
0,220 0,220 0,052 0,220 0,052 0,052 0,052 0,052
-~ i b b b
% #yf options 8,4%
0,020 0,020 0,000 10,000 0,000 0,020 0,090 0,000
3 Absolute Weight 0,706 0,706 0217 0686 0,246 0,166 0748 0597
> Function Weight 17,3% 17,3% 5,3% 16,9% 6,0% 4,1% 18,4% 147%
@
£ Function Rank 2 2 7 4 6 8 1 5

10.4.2.5 Functional requirements-components matrix

This matrix is used to prioritize components by transferring functional requirement priorities to
component priorities. Since components depend upon the selected technology, it can be done after the
high-level design in determined. Technology concepts and high priority components can benefit from
design optimization. This is explained in ISO 16355-6, ISO 16355-7, and ISO/TR 16355-8.
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10.4.3 Technology deployment
10.4.3.1 General

10.4.3.1.1 Objective

Technology deployment focuses on discovery and quality assurance of new technologies at the product
level, system level, subsystem level, component level, and equipment/process level. This can include
invention, patents and intellectual property search, registrations, licensing, corporate buy-outs, and
other forms of acquiring technology. The goal is to focus the necessary resources to identify and
resolve eafly in the development process any technological bottlenecks and constraints that can Thter
become issues. Proper documentation of these solutions enables use on future issues and contributds to
accumulating technical knowledge. QFD employs two approaches, as follows.

NOTE 1 Duality deployment is referred to in JIS Q 9025, 6.3 and 9.3.[24]

a) Needsfto seeds deployment, where unsatisfied customer needs deploy into functional requiremg¢nts
with almajor technical challenge as determined in the design planning table in\10.3.4.3 e). This|is a
reactiye approach to solving a customer problem

NOTE 7 This is customer-driven QFD, the most common mode of use. It is also called forward-QFD.

b) Seeds fo needs deployment, where technologies are developed in-advance of market opportunities
or cusfomer needs. This is a proactive approach to creating futGre’products.

NOTE 3  This is technology-driven QFD. It is also called reverse-QFD: Additional reverse-QFD drivers incjude
competitor,|cost, regulatory, manufacturing method or location, an@others[36].

NOTE4  Deployments for service, process, and software canbe different.

10.4.3.1.2| Composition

As shown fin the technology deployment section of Figure 3, technology deployment consists of|the
following matrices, tables, and charts whig¢h transfers priorities from the customer needs to|the
following dimensions:

a) techndlogy concepts (see 10.4.36);
b) subsydtems (see 10.4.3.6.4);
c) functigns (see 10.4.4.3};

d) refining concepts.and resolving technology bottlenecks (see 10.4.3.8);

e) components {see’ISO/TR 16355-8).

NOTE .44'shows an example of the technology deployment flow of charts and tables.

10.4.3.2 Assessing technology readiness

Examine the characteristics and capabilities of current and proposed technologies to meet performance,
functional and reliability requirements. Current and proposed technologies are evaluated for their
ability to fulfill functional requirements at the performance level targets and to perform key functions
in the operating and environmental applications of the key customer segments defined in ISO 16355-2.

NOTE Technology readiness can also be assessed after basic concepts are explored in the case of new
products (not just next generation), supplier, manufacturing, and packaging.
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EXAMPLE Table 20 is an L-matrix with the prioritized functional requirements in the rows and the
technologies in the columns. Each functional requirement is examined to determine if an enabling technology is
currently available or can be developed in time for the planned product launch. Any functional requirement with
inadequate technology must be examined as a technical challenge, as indicated in the design planning table in
Table 10. In this study, the theory of inventive problem solving (TRIZ) was used to develop a heating option.

Table 20 — Service technology readiness assessment for airport breakfast kiosk

Technologies

Food Service
o
5|5 : | S
E j= 8
8 - © I % g‘ fo)
0 b 6 o j= B e —
© = = () [+) ] b
= 1] @ = b I 4
S|l el |a|z]=
. . - . - _ o =] =) [e] Q
Functional requirements Priorities Target values o | a =2l =2 | 2 SH =
Visibility of options 30,1%(60% am display | @ | ] ] o
# Product varieties 395%|6 ] >
# Topping varieties 22,0%|5 N | ] ]
# Heating options 8.4%|1

® Technology available
» Technology developable
Technology inadequate

10.4.3.3 Needs to seeds technology-development

When a functional requirement.faces a technology challenge, the QFD team can seek ap adequate
solytion. If a competitor has @asolution, especially a patented one, the organization is at rigk of losing
customers. If there is no solution available, the organization has an opportunity to beat the cpompetition
and create differentiationin the market.

EXAMPLE The heating option inadequacy was a concern because toasting, the most popular bagel heating
option, typically takes™4 min to 6 min in a standard bread toaster. This could result in a queue forming and
disdourage new customers from entering the kiosk. This was addressed by partnering with a bun toagter supplier
to t[}:—le fast food, ihdustry. The toaster supplier explained that toasting was a process of caramelizing the sugars

on the cut surface of the bread. (Chemically, the sugar molecule CgH120¢ gets excited by the heat. As the H120¢
evaporatés-as 6H,0 the carbon remains as caramel.) Since the outer surface of the bagel was caramelized during
bak ng, only the sllced inner surface needs toasting. When making the dessert créme brulee if a butjane torch is

app
completed in the time it takes to pay for the food.

10.4.3.4 TRIZ for creativity and innovation

One method commonly used QFD is the theory of inventive problem solving (TRIZ in its native Russian).
The method seeks to solve technical contradictions and tradeoffs through a systematic and structured
approach to adapting existing solutions, often from other scientific or engineering disciplines. One TRIZ
tool seeks to reveal technical contradictions with the intent of eliminating them. TRIZ can be used in
the solution strategy phase in Figure 2.
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10.4.3.4.1

10.4.3.4.1.

Revealing technical contradictions

1 Functional requirements correlation matrix (roof of the house of quality)

This 45-degree rotated triangular L-matrix is used to identify positive and negative correlations among
the functional requirements. It is often positioned on top of the house of quality, thus its nickname
of “roof.” This matrix is technology-dependent, so different enabling technologies can have different
correlations. This matrix is better used in technology deployment than in quality deployment, even
though it is positioned on the house of quality. Using the roof in quality deployment risks prematurely

imbedding

the current technology into the QFD analysis.

NOTE N
EXAMPLE

# of product
to see what

Table 2

10.4.3.4.1
These TRIZ
a) Whati
b) Whati
c¢) Howd
d) Whati
e) What g
f) Whatz:

everal triangular objects appear in Figure 3. These are not “roofs” but hierarchy diagrams.

Table 21 shows that increasing the visibility of individual products has a negative correlations
varieties. This is having an adequate supply of too many varieties could make it difficultfer custor]
s available. This problem with # of varieties and product availability was addressed, with TRIZ.

1 — Functional requirements correlation matrix (roof) for airport.breakfast kiosk

strong positive correlation ++
positive correlation +
negative correlation

strong negative correlation

I
e

Visibility of options
# Product varieties
# Topping varieties
# Heating options

2 Innovative system questionnaire

[ questions are used by the QFD team to make hidden contradictions visible.[53]
s the system name and its primary function?

s the current and desired/system structure?

bes the system exekedte its primary function now?

s the operating environment?

re the ayvailable resources and natural phenomena?

re the-problems or opportunities?

vith
hers

g) What mecehanism constrains achievement? Provide history.

h) Can a substitute problem be solved?

i) What system changes are allowed? Prohibited?

j)  What time, money, people issues constrain solutions? Previous attempts? Solved elsewhere.

10.4.3.4.2

Eliminating technical contradictions

The TRIZ steps to eliminating technical contradictions are as follows:

a) translate your problem into an analogous problem using Altshuller’s engineering parameters;

b) look up inventive principles in the table of contradictions;
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find energy source, transmission, tool, or control in TRIZ patent database, and adapt to
problem.

10.4.3.4.2.1 Altshuller’s engineering parameters

solve your

Named after the creator of the TRIZ method, these parameters were generalized from an examination
of problems which solutions were awarded patents. QFD functional requirements can be reworded into
Altshuller’s engineering parameters. Classical TRIZ has 39 engineering parameters and more are being

add

ed by the TRIZ user community. The classical engineering parameters are shown in A.2.

10.434.2.2" Table of contradictions

Thip rows in this table contain the engineering parameters to be improved and columns i
confain the engineering parameters that are degraded as a result of the improvement,The i
cellg indicate, in order of frequency of providing solutions, inventive principles hased upon |

stu
Thd

10.
Thd

y of more than 40 000 patents. Additional principles are being added by the FRIZ user d
classical tables of contradictions are shown in A.3.

1.3.4.2.3 Inventive principles

anallogous solution can be developed. Additional principles are being added by the TRIZ user ¢

The
NO']

EXA
han
the

deg

classical inventive principles are shown in A.4.
E

MPLE In the bagel breakfast service at the airpert kiosk, the problem of having all the

H but without waste is a good TRIZ analysis. The row parameter to improve is # 26 amount o
hmount of bagels. The column parameters #23 no waste of substance and #25 no waste of time ¢
Fadation if too many bagels are procured. Theinventive principles shown in the intersection of 1

column #23 in Table 22 are as follows:

a)

b)

9

Inventive principle #6 universality (make objects perform multiple functions). The QFD team p}
kiosk workers can also bake bagels.

Inventive principle #3 local quality (make each part of an object function in conditions most su
such as warming bagels.

Inventive principle #10prior action (perform a required action before it is needed, either fully ¢

in the kiosk, they dre stored frozen and finished baked only when needed. Finish baking is abg
when displaycase inventory decreases to certain levels, fresh bagels can be baked. This soluti
maximum-ayailability with no waste.

this table
tersecting
\ltshuller’s
ommunity.

inventive principles are generalized from the examined paténts. Based on these principles, an

ommunity.

If no solution is possible, try going through the entirelist of inventive principles for new idleas.

arieties on
[ substance,
re at risk of
ow #26 and

oposes that

table for its

operation). The QFD team (proposes kiosk workers can perform actions most suitable for their skill level,

r partially).

The QFD investigates whether bagels can be partially baked in a professional bakery and flash firozen. Then

ut 6 min, so
on provides
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Table 22 — Table of contradictions for airport breakfast kiosk

6 [ Amount of substance

25

35

35, 38,
18,16

® 5
Parameter - ] 3 e @
degraded [ H s g 8 - 2| £
] » £ = 3 2 %9 o ©
s | 5 | £ | 5| 5| 3|5 |35|52|¢es
3 b~ [ -
3 e » ‘€ o 2 e g = &8 oL
) ° = = o o = 52 S5« o2
¥ L) 15} — o - [} oo o 3 & ©
7] [} o © 5 '3 S o o5 s
] o 0 = 2 <g | <E 5
. E S 3 £ €
Parameter to improve = - < £
T
21 22 23 24 25 26 27 28 29 30
12,18
0, 39, | 20, 27, o9, 20, | &, 9F, 9, 24, [ 92, 19, 19, 22,
1 Power 10,19 26,31 5 32,2 31,2
11,10, 21,22,
P2 Waste of energy 35 32 35,2
10, 29, | 16, 34, | 35, #9,.83, 22,
3 Waste of substance 39,35 | 31,28 | 24-34’| 30, 40
P4 Loss of Information 10,28, 22,10,
23 1
. 107 30 24, 34, | 24, 26, | 35, 18,
5 Waste of Time 2 28,32 | 28,18 34

I 21,11, (10,11, [ 10, 35, 10,°30,
p7 Reliability 26, 31 35 29,39 10, 28 4
8 Accuracy of 3.6 32 26,32, (10, 16, 24,34,
i measurement T 27 31,28 28,32
9 Accuracy of 32 2 13, 32, |'35,81, 32, 26,
[ manufacturing ’ 2 10, 24 28,18
0 Harmful factors acting on | 19, 22,4.21y 22, | 33, 22, | 22, 10, | 35, 18, | 35, 33, | 27, 24, | 28, 33, | 26, 28,
object 31,2 1%35,2 | 19,40 2 34 29,31 | 2,40 | 23,26

10.4.3.5 §

10.4.3.5.1

Organizati
and before
process ca

eeds to needs technology development

General

bns can. Continuously explore new technology before market and customer demand ari
compeétitors. This technology must then be matched to unfulfilled customer needs in a

led‘seeds to needs development.[29]

SES,
DFD

10.4.3.5.1.1 TRIZ patterns of evolution

Examination of current technology and where it sits in the evolutionary patterns can give insight into
what the next generation and next-next generation can look like. Evolutionary patterns can nest inside
of other patterns. Classical TRIZ identifies eight common patterns,[55] as follows:

a) S-curve life cycle (growth curves from technology concept, early adoption, maturity, and
replacement);

EXAMPLE 1

wood skeletons, to metal tube planes with exoskeletons.

b) increased ideality (goodness divided by badness);

48

Airplanes grew from bicycles with wings that failed to fly, to bi-planes made of internal
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EXAMPLE 2 The ENIAC computer in 1946 weighed several tons, took a whole room, and did only
computational functions. Todays smart phones weight a few ounces, fit in a pocket, and communicate, keep
your calendar and alert you, take video, navigate, keep track of your exercise, and so much more

c) non-uniform development of elements (primitive subsystems hold back development of the total
system; a common mistake is to focus on improving the wrong subsystem);

EXAMPLE 3 Poor aerodynamics were limitations of early planes but developers focused on engine
power instead of improving aerodynamics.

d) increase dynamism and controllability (growth in options);

EXAMPLE 4 Early automobiles were controlled by engine speed, then manual gearboxes,|followed by
automatic transmissions, and continuously variable transmissions.

e) |increased complexity, then simplification (increase in systems followed by integration);

EXAMPLE 5 Music systems evolved from separate components such as/speakers, ANI/FM radio,
record turntable, to integrated boom boxes, to MP3 players, to streaming musie'ffom the Interngt.

f) |match/mismatch of parts;

EXAMPLE 6 Early automotive suspension springs were assembléd from horse carriaged parts, later
fine-tuned into a matched shock absorber system. Future methods ¢ould include mismatched bjmetals that
change rates when a current is applied.

g) [transition to micro level and use of fields;
EXAMPLE 7 Cooking systems evolved from wood\burning, to gas, to electric coils, to miqrowaves.
h) |decreased human interaction (automate);

EXAMPLE 8 Development of clothes washing from washboard to washing machine with ringer, to
automatic washing machine, to computer controlled washing machine with automatic bleach gnd softener
dispensers, and single tub washer-dryer cembinations.

NOTE1 Patterns of evolution can be-examined with competitors’ technologies to create patent fepces around
their future developments.

NOTE 2  TRIZ includes additional methods and tools which can be utilized.

10.4.3.5.1.2 Reverse QFD

While most of this document focuses on customer-driven QFD models (often referred to s forward
QFD), internally-generated ideas can be used in reverse to discover their effects on customer needs.
Thdre are several types of reverse QFD.[36] Most common are as follows:

a) |Technelegy-driven QFD which is used when a company wants to introduce a new techhology and
must(confirm target customer segments and refine the product in line with their neefls.[21] This
dan also be used to determine if the customer segment is clearly understood.[2]

b) Concept-driven QFD which is used when a company wants to test new ideas in the market.

c) Executive-driven or strategy-driven QFD is used when a senior manager has a “gut” feeling about
a new product opportunity, often related to technology or market strategy. It has also been used
with management responses to threats in the marketplace. QFD can be used to validate this gut
feeling by investigating the impact of the opportunity.

d) Competitor-driven QFD which is used when a competitor introduces a new feature and marketing
insists it must be copied. This helps determine if the competitor’s feature makes sense and if it can
be improved.

e) Cost-driven QFD is used when a lower-cost competitor enters the market and the company seeks to
remove unnecessary cost from unwanted or over-engineered features.
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f) Regulatory-driven QFD is used when a legal, regulatory, or standards body changes applicable rules
or regulations that require product change, such as the removal of harmful materials or processes.
QFD helps ensure changes do not negatively impact customer satisfaction.

g) Manufacturing-driven QFD is used when a company changes a manufacturing process or location
and must ensure the changes do not negatively impact customer satisfaction.

EXAMPLE Table 23 shows how concepts offered by employees were used to discover if the needs addressed
by these had a high priority. For example, offering health club memberships would have the characteristic of
making members accountable for their own physical activity which could address the customer need of “I need
help with approprlate physical activity.” If this need was highly prioritized by customers, then the insurance

e l211

company w utdoffer-itt=H
Table 23 — Reverse QFD at a health insurance company
characteristics . S : : commun-
customer needs . functions reliability technology information .
& capabilities ications
Ineed he|p with membe.r.
aporodriate accountability< health club
p'p I . for their physical membership
physical activity. activity
Ineed help with member diabetie.nutrition
approjriate accountability < education
nutrifion. for their nutrition| (Josylin)
Ineed to kpow the diabetes™ | - :
rogresqof my FoBress patient self- incent patient
P . Prog . reporting AIC A1C reduction
condition. reportability *\
Ineed up-to-date ™~ provide free
informatiop on my testing supplies
condiion. for 3 months
10.4.3.5.1j3 Gemba walkabouts

Walk aboyt the gembas (where customers live and work) of your key customers and custonpers
representing futuretrends, as defined in ISO 16355-2. Do so without a product in mind, but with an
eye towards what'customers are saying and forecasting about their future, their industry. Ask lofls of
questions, record lots of images. Look for today s unsolvable problems and ungraspable opportunl ies.
Look for in

10.4.3.5.1.4 Lead user research

This approach combines R&D technologists with key opinion leaders and other authoritative industry
prognostics to analyse trends and develop new technology concepts and working prototypes.[52] Key
activities are taken over several months within a contracted relationship that ensures ownership of the
ideas belong to the organization. The steps are as follows:

a) screen participants for strong personal interest in advancing their industries and science, and
willingness to sign over ownership;
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b) conduct interactive workshops with R&D and lead users to identify concerns and generate
solutions;

c) uncover market opportunities and generate long-range strategies;

d) refine concepts.

NOTE Customer and employee generated ideas create a risk of patent conflict, especially in first-to-file legal

systems. Organizations can check with their legal departments regarding proper disclosure statements with

suggestors.

10.f£.3.6 Develop system, subsystem concepts

10.4.3.6.1 General

Based on the technology seeds, the QFD team can generate system and subsystem level fechnology

conpepts and solutions. Modularization and interfaces can also be generated:..Goncepts anfl solutions

can|be combinations and integrations from other industries.

10.4.3.6.2 Formulating concepts

Thg QFD team can phrase concepts in a structured language-to clarify among tean] members

representing different departments and to increase the numbeér different concepts. Concgpts can be

conjbined to create hybrid concepts.[42]

EXAMPLE An automotive components supplier researches new materials. The team discusseq that a new

matprial can require a new forming process and equipment. The words “material forming” can bq structured

into| “material” and “forming,” thus leading to two technielogy issues: the material design and the manufacturing

and|process design.

10.
As

diag
int

10.

Tec
of t
can

NO1
furt]

1.3.6.3 Structuring concepts

with other QFD matrices, concept§ can be structured using an affinity diagram and
bram as shown in 9.3.6.2 and in ISO 16355-4. Systems and subsystems can be representg
he hierarchy diagram.

1.3.6.4 Determining rélationships between technology seeds and system, subsysten

hnology seeds can provide multiple attributes to the current and proposed systems and {
he product. Thesételationships can be examined in an L-matrix. Careful examination of
reveal new design possibilities.

E1 Separate matrices for the design concepts and process concepts can be more useful wh
her hybridized.

E-2 ™\ 'The technology seeds-system concept matrix is labelled matrix 1-II in the Compreh

hierarchy
d as levels

N concepts

ubsystems
Lhis matrix

bn these are

ensive QFD

chart in Figure 3.[1] Readers familiar with the 4-phase QFD model developed by build-to-prin|

auto parts

suppliers notice that this matrix is not included, since technology concepts were usually defined by the equipment
manufacturer in the 1980s when this approach was truncated from comprehensive QFD. Readers familiar with
the matrix of matrices recognize this as the C-1 matrix.[28]

EXAMPLE

applied to the airport kiosk operations.
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Table 24 — Technology seeds to system/subsystem matrix for airport breakfast kiosk

Systems/subsystems |Information Ordering Preparation Payment Delive
‘q&"
2| E e | £
= € ® o s g ]
g | 8 S 12 o228 |2 2l5|2]3
ElE|E|e|8 |8 2|5 |8 |5 |8|5|5]¢
Technology seeds 72|88 |5 |5|&8|2|8 |8 |e |3 |2|s2
Kiosk worker multitasking ® { { ([ ] { O ([ ] (] > °
Parbaked frozen bagels (] ([ ] D [ ]
On-site topI)ings mixing > (] [ ]
Internet/app ordering > > o ® °
Internet/app payment > [ ) >
On-plane dlivery > P ]
® Technology direcly applicable
® Technology adaptable
O Technology has problems/bottlenecks

10.4.3.7 (oncept selection

Concepts cpn be selected in different ways.

10.4.3.7.1| Selecting concepts using customer needs

Customer [needs are generally too abstract for selecting technologies. QFD recommends thig be
done with |more technical analyses using functional requirements and functions. In cases where|the
customer is equally technical, these discussions can be carried out jointly between the QFD team fand
the custonfer, often in multiple iterations as the design progresses.

10.4.3.7.1]1 Agile development

There are many structured methods used in software development such as waterfall, rational unified
process (RUP), agile, scrum,dean, and extreme programming. These methods provide a consistent,
simple, prdactive methodologyto discover product requirements, especially when customers have ¢nly
an abstractidea of an endresult, but not what is required of the software to deliver it. Thus, incomplete,
ambiguoud, or even contradictory requirements can result. QFD develops clear, complete customer
needs and|the funetighal requirements in the initial stage of the project and is a consistent method
to obtain fhe desired concept design strategy from those needs and translate them into actiondble,
useable requireniénts. Agile development teams can use QFD to capture the voice of the customer and
customer 1eeds priorities. This QFD tools shown below can be useful in providing software scalabllity
without lostig fiexibitity and when determining concept feasibility. These QF D Too1s SUpport the scrum
phases as follows:

a) project goals table in ISO 16355-2 supports scope and vision;

b) customer segments table in [SO 16355-2 supports defining personae;

c) customer process model and gemba visit table in ISO 16355-2 help write epic;
d) customer voice table in ISO 16355-4 supports writing themes;

e) AHP in ISO 16355-4 sets accurate priorities for the product backlog;

f) maximum value table and matrices in 9.2 and 9.3 support the stories and product backlog;
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g) ongoing Blitz QFD® helps define incremental releases.

EXAMPLE Table 25 describes the software capabilities needed to help patients and parents participate in
their own care or the care of a child. In this example from a children’s hospital, software functional requirements
are the capability to help parents set goals and communicate them to the doctor or health care provider prior to
arriving at the clinic for treatment.[14]

Table 25 — Maximum value table to define healthcare provider software capabilities for a
scrum team

Customer Analysis Design

Functional

, Design Requirements
Requirements

characteristics &
capabilities

problems

solution technology

Prq clinic Parents may or |Patients and Capability to help parents | Selectable modality.of comunication:
may not provide |parents need to | [to set goals for their child. ~ |email, written, verbal; signing, and
Capability to help parents  |online. Goals'should be entered
communicate goals to electronically prior to the clinic
provider prior to clinic. visit. Ability to communicate goals
infamily’s native language.

goals fortheir [participate in
child their care

Capability to help parents“\{ | Telemetry for equipment to
understand care communicate directly to hospital.
requirements for their
child, i.e. how tofeed, how
to give meds, mehitoring
of equipment, trouble-
shooting.equipment.
CGapability to help parents  [Follow up nurse monitoring.
\|deliver care requirements

U for their child, i.e. how to
feed, how to give meds,
monitoring of equipment,
troubleshooting equipment.

10.4.3.7.1.2 Continueus-QFD

A QFD project canbe“a joint team effort of the customers’ as well as the developers’ side. QFD always
aimls at improving-Communication by establishing cross-departmental, interdisciplinary teams within
the|company~and with the customers. Furthermore, the lack of experience and clarity i customer
reqpirements{CR) or customer needs as well as product characteristics (PC) or functional requirements
calls for'an even closer and increased collaboration of all involved stakeholders, primarily indicated
by the.demand for a larger number of meetings and a simultaneous collection of requirdments and
soliens =4 Sterrer1 3 SEF ve e

© IS0 2017 - All rights reserved 53


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

Table 26 — Continuous QFD

Specifics of Continuous QFD
Incremental planning and
implementation cycles
- |8
o c
[<5]
= |§ | E
g 2 |g | =
> | S 2 | | x®
(o = % © g
O g |2 |o |5 |B =
5 |8 |E |& | | |2
o > =
S = 2 3 = o
O o ) O L = =
k=] S = z o = = n
@ y— - [ © © o [<F]
3|2 |2 |8 |5 |2 o=
— S w — —
2 |€ |® |E |3 |38 |E
| o > = B = = —
S = S S = ) ) s
5 |lg |3 |8 |8E(03 |2
. E |2 |8 |8 |EfE | £ 8
Problems/Requirements o IS |6 [ |ZY|a | o
>
Nl » [Unclear CR/PC o o0 O CIN | ™
2| 3
ol £ :
«»| & |Dynamic CR/PC e |0
2| @
3| E
gl © [Uncertain PC (feasibility) [
HIE
= @
S| o .
S5 Time pressure @ ® { e (o o
CR =customer requirements @ = extremely strong relationship
PC = product characteristics » = moderately strong relationship
10.4.3.7.13 Customer needs-concepts'matrix
With custqmer assessments, differént technology solutions can be selected by how well they npeet
weighted dustomer needs.
NOTE1 This table is not-part of comprehensive QFD or 4-phase QFD. Readers familiar with the matrix of
matrices re¢ognize this as-a‘type of E-1 matrix.[28]
EXAMPLE Table2%'illustrates the effort to understand all the various customer needs and organizatipnal
motives thaft were used in a concept selection exercise. It shows how the deployment process was used to s¢lect
sensor design “G”'by a significant margin. Given the clarity and traceability offered by QFD, the selection decifsion
was both ddfensible and well documented.[25]

NOTE 2  In this example, the 5-level ratio scale relationship strengths were used in calculating this example.
They are shown in 10.2.1 b).
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Table 27 — Customer needs-system/subsystem concepts matrix

-

=

50

B =

= g < m & [

25— = = = =

2 5y o o o S

v © = w w w wn

583 5 5 5 3
Adjusted Customer Needs < = 2] wn wn A
Apply design to multiple platforms without 6337 O ™ D
corjcern over sensor (plug & play) A 0012 0023 006t 0,000
Un¢omplicated assembly of sensor into 0191 D @ D D
actpation unit ' 0,026 0,013 0,026 0,007
Conpsistent System operation 0,187 & ® P D

0,013 0,013 0,025 0,006
Deyelop new vehicle applications with 0144 D ) D D
flexibility and low risk ! 0019 0,019 0019 0,005
Rolpust to environmental noise-factors 0,140 > @ > D
0,019 0,010 0,019 0,005
Absolute Weight 0 088 0,077 0,134 | | 0,023
Normalized Weight 0,239 0,416 0,071

10.

Pug

10.

Stu
vul

b)

Sin
disd

10.

1.3.7.2 Selecting concepts using Pugh and Super,Pugh methods

h methods are used in QFD to select concepts,

1.3.7.2.1 General

hrt Pugh, teaching a post-graduate course in engineering design, was concerned about the
nerability of final designs that had'the following issues:

were chosen without a thorough conceptual approach, since no amount of later attention
technical requirements ntade up for a poor choice;

were strong concepts,but because they lacked a thorough conceptual approach, were ea
because the reasofsfor their strength were not known or understood.

iplined proéedure minimizes the possibility of a wrong choice of concept.[42]

1.3.7.2:2> Pugh concept selection

Pug

hleutlined four steps to his approach:

conceptual

to detailed

ily refuted

e it was not p@ssible to evolve and evaluate all possible solutions to a particular problefn, having a

a) Solution: The team develops embryonic solution concepts and the criteria by which to evaluate
them. They are organized in a matrix with the current solution labelled as a datum to which the

new concepts can be compared.

b) Evaluate: Each solution concept is compared to the datum and the team determines if it better
(+), worse (-), or the same (S) as the datum. This is done for all the criteria. The +s and -s can be

)

summed to identify the strongest concept. This matrix is shown in Table 28.

Iterate: The strongest concept is then used as a datum. Weaknesses (-) in the datum or other
promising concepts can be strengthened by integrating ideas, subsystems, or parts from other
concepts that have strengths (+) for the same criteria. New hybrids can become a new datum, and

the process iterated until a viable concept emerged.
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d) Agree:

The team then agrees on the winning concept and continues with the development.

Table 28 — Pugh concept selection matrix model

10.4.3.7.2

QFD adds
(AHP) allo
judgments

10.4.3.7.2

When usinfg Pugh with QFD, the criteria come from prior QFD matrices, and include customer-dr

priority w
function wj

a) Custor

b) Functi
requir

NOTE ’
isnotpartag
a type of E-J

EXAMPLE

oblong torc
datum an S
and summe

compensats
flashlight h

Concepts
Criteria Datum A B
one S -
two S -
three S + -
four S
+ 1 0
- 1 1

3 Super Pugh concept selection

customer driven priorities to the Pugh selection criteria. The analytic-hierarchy pro

wvs for more accurate scoring of the concepts than a simple + or (- )by adding ratio s
[58]

4 Selecting concepts using QFD criteria

pights. At this point in QFD, customer need weights,yfunctional requirement weights
pights have been calculated as follows and can be used to reflect customer-driven priorit

her need weights were calculated and adjusted\(optional) in ISO 16355-4. See Table 27.

ement target values can also be shownto)aid in the evaluation.

'his table is a variation on matrix 2’-ll\iw'the Comprehensive QFD flow chart in Figure 3.[1] This t
f comprehensive QFD or 4-phase QED. Readers familiar with the matrix of matrices recognize th
matrix.[28]

Table 29 is an example'\from a hand-held torch. Each concept is evaluated against the cur

h (datum) for each function! Concepts that outperform the datum are marked with a +, same as

and weaker than the datum a -. The +s and -s are multiplied by the functional requirement we

d at the bottom. Ahybridized “new” concept was created by using strengths of some concept

for weaknesses.of)the other concepts. The functional requirement weights were calculated
use of qualitynetillustrated here.

Cess
rale

ven
and
ies.

bnal requirement weights were calculated and adjusted (optional) in 10.2.3. Functignal

hble
sas

rent
the
ight
s to
in a
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Table 29 — Functional requirements-concepts matrix

Concepts 3
g =
£
3 | (8 £
Ol 3| ol &
El|S|w «
= D 8 ©
dia oz 5
S <|GS] =
; . oo b [T e T
Functional Requirements 8 aljT®|Z| 3
Optics
Transmissivity -+ |+ 10
Angle of reflection S|+ |+ 7
Luminous Flux
Luminous efficiency + |+ |+ 11
Luminance S|+|S 9
Power characteristics N
Power output - |+|S 17
Physical properties NP
Switch force - e 9
Weight <) |- 6
Center of gravity N |+ |- 13
# Steps to charge pwr. b+ [+
SUM OF PLUSES I [T}
SUM OF MINUSES w ooy
WEIGHTED PLUS =R|E
WEIGHTED MINUS R

c) |Function weights were calculatedin 10.4.2.3.4 and 10.4.2.4.3 from customer needs and| functional
requirements respectively. They-can also be used to evaluate concepts.

10.4.3.7.2.5 Super Pugh with)AHP criteria

With AHP, evaluation criteria can be objective or subjective, and both can be combined in one|evaluation
modlel by converting thieobjective from an absolute scale into ratio scale values and the subj¢ctive from
a vgrbal scale intoratio scale values. Ratio scale values enable comparison of objective and subjective
infdrmation on @common scale. Criteria other than from the prior QFD matrices can also be|used.

a) |Objective criteria can be counted or estimated with some degree of confidence and thelvalues are
in ratio.scale. There are two types of objective criteria; bigger is better and smaller is bdtter.

EXAMPLE 1 Bigger is better. Sales revenue where € 1 000 000 is twice as good as € 500 p00.

EXAMPLE 2 Smaller is better. Number of full time equivalent (FTE) developers required where five
FTEs is twice as good as 10 FTEs.

b) Subjective criteria are more experiential or heuristic. There are two types of subjective criteria,
absolute or expert scale and relative.

EXAMPLE1  Absolute or expert scale. Michelin stars for a restaurant. The scale is widely used and accepted.
However, a three-star restaurant cannot be said to be three times better than a one-star restaurant. Absolute or
expert scales can be converted into ratio scales.

EXAMPLE 2  Relative scale is useful when there is no objective or absolute or expert scale. For example, the fun
of working on a project, one can say that one project would be more fun than another.

NOTE1 Notall AHP models have both objective and subjective criteria.

© IS0 2017 - All rights reserved 57


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

NOTE 2  The AHP model can have several criteria of each type. Evaluate each concept against each criteria.

10.4.3.7.2.6 Evaluate each concept against each criteria

Each of the criteria types are demonstrated in the examples below, including how ratio scale scores for
each concept are derived for each criteria.

EXAMPLE 1 Table 30 is an example of an objective criteria, where bigger is better, in this case, projected first-
year revenue in million Euros. Each project is evaluated: a local vendor can help create sales estimated at € 7
000 per kiosk, a frozen bagel is estimated to produce € 3 000, and so forth. Since each criteria can be measured
differently, it is helpful to normalize them into percentages by summing the estimated values and dividing each
value by thd'sum. 7+ 3+ I3 + 6 = 29. 7/29 = 0,24T and so forth. These mathematical calculations are permifted
because revienues in euros are already in ratio scale. Numbers are rounded to three decimal places.

Table 30 — Concept selection criteria — objective, bigger is better

Local vendor
Par-bake Frozen
On-site Bakery

Frozen

Revenue potential @Yhousands)
[biggig’&etter]
Increased Sales R totals
estimated value | ,‘b\‘ 3 13 6 | 29
normalized (3{‘Q,~2V41 0,103 0,448 0,207 1,000

EXAMPLE 2 Table 31 is an example of an objective criteria, where smaller is better, in this case, productfand
labour cost{ Each concept is evaluated: a local vendor is estimated to cost € 6 000, frozen bagel is estimfted
to cost € 4000, and so forth. Since each, ¢riteria can be measured differently, it is helpful to normalize them
into percerftages. Since smaller is petter, the values are first inversed and then the inverse values|are
summed. Then, each inversed estimated value is divided by the sum. 1/6 = 0,167, 1/4 = 0,025, and so fqrth.
0,167+0,25(3+0,091+0,167 = 0,683..0,167/0,683 = 0,244 and so forth. These calculations are permitted becjuse
number of geople are already n'the ratio scale. Numbers are rounded to three decimal places.
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Table 31 — Concept selection criteria — objective, smaller is better

Lfjocal vendor
Hrozen
Rar-bake Frozen
On-site Bakery

Estimated product and labor costs
(thousands) [smaller is better]

Good Product Cost totals
estimated value 6 4 6 10 26

the inverse 0,167 0,250 0,167 0,1000 0,683

1,000

normalized 0,244 0,366 0,2440;146

MPLE 3
a taste comparison of each concept. Before evaluating each contept, the absolute or expert
Ferted from ordinal to ratio scale so that mathematical calculations can be performed. For the ex:
nal scales are presented, iconic (smiley faces), numerical (1-5 with 5 being the most delicious)

Table 32 is an example of a subjective criteria, where theSg'is an absolute or expert §

cale, in this

gcale can be

mple, three
and verbal

not worth it to epicurean). Using AHP’s pairwise decision'grid, each ordinal scale value is compared with

e others. When two values are equal, a 1 is entered in, the grid. Thus, the diagonal is always 1
is preferred to the column, an integer is entered in the grid to represent the strength of the

erred (7), or extremely preferred (9). In this example, epicurean is moderately preferred to home
urean is strongly preferred to delicious, and so*forth. When the column is preferred, the invers
red. Thus, the lower left values are inverse ©f the upper right.

h column in the ratio scale conversion grid is summed (epicurean is 1+1/3+1/5+1/7+1/9
I normalized by dividing each value by the column total. 1/1,79 = 0,560, 1/3/1,79 = 0,

60+0,642+0,524+0,429+0,360 = 2,514). The row totals are then averaged to yield the
es of the ordinal scale (2,514/5 = 0,503 and so forth).

E Subjective judgments are often inconsistent. For example, one might judge thata > b, b >
AHP model is robustto inconsistency of as much as 0,100 or 10 %. Inconsistency ratios aboy
ked for math orjudgment errors.

5. When the
preference.
ry strongly
made taste,
e fraction is

= 1,79) and
[87, and so
re summed
ratio scale

¢, and c > a.
re 10 % are

e the ordinal scale has been converted into ratio scale, each project can be evaluaf
nple, beth/ concepts local and par-bake are considered to have homemade taste and h
smiley faces frozen is considered not Worth it and has earned one smiley face, anc

ed. In this
hve earned
| on-site is

faces has a Welght of 0, 503 These are summed (0,260+0, 035+0 260+0 503 =1 058) and normallzed
(0,260/1,058 = 0,246 and so forth). Numbers are rounded to three decimal places.
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Table 32 — Concept selection criteria — subjective, absolute or expert judgment

Improved Taste Consumer taste preference (expert judgment)
homemad not worth row | row
absolute judgment scale: epicurean  etaste  delicious acceptable it normalized columns total | avg.
OO0 5 epicurean 1 9] 0,560 0,642 0,524 0,429 0,360(2,514| 0,503
©0©©@ 4  homemade taste 1/3 7| 0,187 0,214 0,315 0,306 0,280|1,301| 0,260
QoL 3 delicious 1/5 5| 0,112 0,071 0,105 0,184 0,200(0,672( 0,134
e 2 acceptable 1/7 3| 0,080 0,043 0,035 0,061 0,120[0,339 0,068
@ 1 not worth it 1/9 1| 0,062 0,031 0,021 0,020 0,040/0,174| 0,035
179 4,68 9,53 16,33 25,00| 1,000 1,000 1,000 1,000 1,000{5,000{ 1,000
Inconsistency o
Ratio
Improved Taste Consumer taste preference (expert judgment)
Local Par-bake  On-site
vendor Frozen  Frozen Bakery
absolutd judgment| =] 2000 ] no. of smiles
weight 0,260 0,035 0,260 0,503 1,058
rjormalized 0,246 0,033 0,246 0,475 1,000
EXAMPLE 4 Table 33 is an example of a subjective criteria, where these is no absolute or expert scale and so

a relative sq
grid in exar
Concepts co
preferred tg
of strengths
or extremell

values are inverse of the upper right. In this example, local is very strongly\more likely to resist waste th

frozen bage

hple 3, each concept is pairwise compared to each other concept relative to its Tesistance to waste.
mpared to themselves earn a score of 1 as shown in the diagonal of the grid. When the row concept is
the column, an integer is entered in the grid to represent the strength.6fthe preference. The choice
and their integers are moderately preferred (3), strongly preferred (5), very strongly preferred|(7),
y preferred (9). When the column is preferred, the inverse fraction‘\is entered. Thus, the lower

, par-baked is moderately more likely to resist waste than a lécalyand so forth.

The scoring grid is then normalized as above, with the rowtaverage results indicating the relafive

preference
0,040, and

for each project. In the example, local vendor has a’waste resistance score of 0,145, frozen of
so forth. Numbers are rounded to three decimakplaces.

Table 33 — Concept selection criteria*— subjective, relative judgment

ale is used, in this case, the resistance to wasted food or time. Similar to the ratio scale converfion

left
hn a

Relative resistance to waste food or tirgg -elative judgement)
Local Par-bake O SQQ row| 1fow,
Less Waste [ vendor Frozen Frozen Bg.laéry normalized columns total| qvg.
Local yendor 1 3% 1/6 0,099 0,292 0,096 0,094 0,580( 0,145
rozen 1/7 1 1/9 0,014 0,042 0,041 0,063| 0,159| 0,040
Par-bake Frozen 3/1 7/1 1 1/2 0,296 0,292 0,288 0,281| 1,156 0,§89
On-site Bakery 6/1 9/1 2/1 1 0,592 0,375 0,575 0,563| 2,104| 0,526
10,14 24,00 ) 348 1,78 1,000 1,000 1,000 1,000] 4,000] 1,000
N\ |inconsistency Ratio |

10.4.3.7.2J7 Weight the-criteria

Are all crit
For examp

pria equally important in project selection or are some criteria more important than others?
e, a,conpany can evaluate revenue as being more important than cost.

EXAMPLE

Table 34 uses the AHP pairwise grid to weight the concept selection criteria. Similar to the 1jatio

scale conversion grid in example 3, each criteria is pairwise compared to each other criteria relative to the
importance of the criteria to the concept selection. Criteria compared to themselves earn a score of 1 as shown
in the diagonal of the grid. When the row criteria is more important than the column, an integer is entered in the
grid to represent the strength of the importance. The choice of strengths and their integers are moderately more
important (3), strongly more important (5), very strongly more important (7), or extremely more important (9).
When the column is preferred, the inverse fraction is entered. Thus, the lower left values are inverse of the upper
right. In this example, increased sales is very strongly more important than good product cost, and so forth. The
relative importance of the criteria are increased sales (0,561), good product cost (0,064), improved taste (0,308),
and less waste (0,067). Numbers are rounded to three decimal places.
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Table 34 — Weight the concept selection criteria

(importance of criteria to concept selection) row  row
criteria| Sales Cost Taste Waste normalized columns total  avg.
Increased Sales 1 7 3 7 0,618 0,438 0,691 0,500( 2,246/ 0,561
Good Product Cost 1/7 1 1/7 1 0,088 0,063 0,033 0,071] 0,255( 0,064
Improved Taste 1/3 7/1 1 5 0,206 0,438 0,230 0,357| 1,231| 0,308
Less Waste 1/7 1/1 1/5 1 0,088 0,063 0,046 0,071] 0,268| 0,067
1,62 16,00 434 14,00 1,000 1,000 1,000 1,000] 4,000] 1,000

10.43.7.2.8 Qynfhpchp concept prinrifipc

|inconsistency Ratio

Theg weighted criteria are then multiplied by the ratio scale values of each concept to edleul

prigrities.

EXAMPLE In the centre of the synthesis grid in Table 35, the previous work is displdyed. For ¢
incrieased sales estimate for the local vendor was € 7 000, which was normalized to-a’ratio scale sc
in Table 3. Here it is represented as 24,1 %. This score is then multiplied by the critéria weight for sa
56,1 %) giving what is called a “global” weight of 13,6 %. This is repeated for eachcell in the grid, an
bhts are then summed for each column to give a concept selection weight)in ratio scale. Herg
froZen (36,2 %) has four times the priority as frozen (9,4 %). Numbers are rounded to three decimal

—-

we
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Table 35 — Synthesized concept priorities

COl’lCGptS
5
=
5 ° E
o £ ©
3 @ @
G 5 L i
3 & £ S
= = = b
criteria % wt 5 ) ) )
7 3 13 6 count or estimate
Increased Sales 56,1%| 24,1 10,3 44,8 20,7 local priorities (%))
13,6 58 25,2 116 global priorities ($o)
6 4 6 10
Good Product Cost 6,4%| 24,4 36,6 24,4 14,6
1,6 2,3 1,6 09
QLR | © OO |LOPLOO
Taste 30,8% | 24,6 3,3 24,6 47,5
7,6 1,0 7,6 14,6
S
Less Waste  6,7%| 14,5 4,0 Xz 89 52,6
10| 03] 1,9 3,5
% 23,6 9,4 36,2 30,7 | priorities
When therfe are many concepts to select from, this mathematical modelling with AHP can make|the
selection process both accurate and €asy, even when both objective and subjective criteria are used.
NOTE There are many AHP software packages and Excel sheets that do the above math in the background.
10.4.3.8 Refining selected’¢oncepts
Concepts cpn be refinedto address problems and concerns.
10.4.3.8.1| General
The above| téchnology deployment methods and tools can be applied iteratively at the system pnd

subsystem levels to achieve a design that can function and perform sufficiently to achieve the customer
needs. The selected systems and subsystems come from 10.4.3.6.

10.4.3.8.2 Resolving engineering bottlenecks and problems

Engineering and technical challenges can be addressed as soon as possible. Solutions can be documented
and made available for other project teams.

a) Iterate TRIZ methods and tools from 10.4.3.4.

b) Use a reviewed dendrogram to question and then answer challenging problems. Document
solutions for future application to similar problems.

62 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

NOTE Readers familiar with the matrix of matrices recognize this as the F-3 chart.[28]

EXAMPLE Table 36 examines concerns related to illuminating the scanning surface without a compensating
process. Question 11 askes if there is an illumination source compact enough to be built in. Answer 11 confirms
a special device exists. This triggers question 21 about if the illumination can cover the entire scanning surface.
Answer 21 confirms that only partial illumination is possible. The Q&A process continues until a satisfactory
conclusion is reached or the idea is abandoned.[4]

Table 36 — Reviewed dendrogram method for scanner device

CONCEPT Q&A
A1l
Qi1 There existsa
IPEA: The scanner willhaveabuilt-in Is there acompact speciality compact
internatl illumination that provides a llumination that can illumination.
cpnstantillumination onthe scanning be built in the
spirface, thus it does notrequirea scanner?
cpmpensation processingassembly. (0731 A1
Does the illumination Abuilt-in illumination Willonly be able to
rangecover the |~ provide partial illurhination on the
w hole scanning scanningsurface, thus itis not
surface? practical.
(ONCLUSION: Self -illumination willnot
be used for this scanner. Bl 31
. . . Cap-anillumination It is possible butan ¢xternal
Bgcauseabuilt-in illummnation unit willonl be installed outside? [~ illumination attachthent willspoil
pijovide l.lmlte.d 111lum1na"aonl range and an the appearance.
exfternalillumination unit willspoil the
agJpearance. Asasupplemental
alfernative, a commercially available desk 72
lamp w illbe offered as an option. Q22 . oL
p p Does thisinerease [ Anaddition of illumination pow ersource
cost? and fluorescent installationw illincrease
cost.

c) |Optimize design. This is discussed in [SO 16355-5 and ISO 16355-7.

10.4.3.8.3 Finalizing concepts

Onde concepts have been developed that satisfy the customer needs, more detailed analyges of cost,
relipbility, and other dimensions canbe evaluated.

EXAMPLE The final concept for the airport breakfast kiosk is to procure partially baked and fijozen bagels
in fqur standard flavors and tiwo seasonal flavors that can be finished baked on premise to sales dempand. Cream
chegse can be softened and flavored on premise. The selected systems and subsystems are from thg columns in
Table 24.

10.4.3.8.4 Components and build process
Technology.deployment continues to improving the design of components and build procesges. This is
disqussed i I1SO/TR 16355-8.

EXAMPLE Florida Power and Light’s power generation division utilizes information given from mpnufacturer
bullettTrs; PT UjULL tessomstearmed; user Broups, arct Lct.huulugy-bpct,iﬁt. COTIferernces to hclp idcutiﬂ issues and
opportunities to ensure reliable performance of new technology. Fleet teams are tasked, in conjunction with
operations and other support teams, to not only identify new technologies to use, but also ensure they can meet
the high standards of environmentally responsible and efficient operation. Taken into consideration are upgrades

to components of larger pieces of equipment to meet certain targets. Cost is also be taken into account.

The flow of information is typically pushed from vendors, solicited and shared at users groups, and
discussed internally with some of the industry’s top subject matter experts.

NOTE The flow of technology information can also cross paths with reliability information
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10.4.4 Cost deployment
10.4.4.1 General

10.4.4.1.1 Objective

Cost deployment is a systematic way to balance product cost and quality during the design and
engineering phases of product development. It begins with a market analysis of the competitive
products to determine a target price and from that, a target cost estimate. This target cost is then
allocated to the functions, systems, subsystems, and components of the selected design concept.

Traditiona
cost reduc
discussed {

NOTE

10.4.4.1.2

As shown
of the follo
following d

a)

target

cost reduction methods, such as value analysis and value engineering are more suite
Lion in existing products, but can also be applied at the component level of QFD, whic
n ISO/TR 16355-8.

Duality deployment is referred to in JIS Q 9025, 6.4 and 9.4.[24]

Composition

n the cost deployment section of Figure 3 (centre-right section),.c0st deployment cong
wing matrices, tables, and charts which transfers priorities from'the customer needs to
imensions:

cost estimation (see 10.4.4.2);

H to
h is

ists
the

b) functign and system and subsystem (see 10.4.4.3);

c) component cost and manufacturing cost (ISO/TR 16355=8].

NOTE 4.5 shows an example of the cost deployment flew of charts and tables.

10.4.4.2 Target cost estimation

Figure 3 shHows the cost estimation process of'‘coemparing the current product, the new product condept,

and compefting products.

a) Markef or selling price. This can~account for wholesale and other intermediary pricing where
applicable, since cost reductiomn thtough distribution and logistics can be feasible.

b) Quantity of units that canrbe-sold (estimate).

c) Market share, whichisa-ratio of estimated units/total units.

d) Profit required by-the organization. Profit is calculated in many ways, such as gross profit,|net
profit,| earnings /before interest, taxes, depreciation, and amortization (EBITDA), and others.
Confirm withthe finance department member of the QFD team.

e) Target|castis calculated by subtracting profit from the selling price x quantity.

NOTE1 Some organizations calculate selling price by adding profit to cost. In a competitive market, if this

is not possible, target cost can be calculated by subtracting profit (determined by the stock market) from the
selling price (determined by the customer).

NOTE 2

conjoint analysis.[15] This captures customer responses to different feature combinations.

EXAMPLE

64

Product target price and subsystems can be market-tested using methods such as focus groups and

Table 37 estimates a target cost of € 1,00 for the selected new concept of par baked frozen bagels
with finish baking in the kiosk as needed, with no wasted product or time.
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Table 37 — Target cost estimate for airport breakfast kiosk

Our product .
Competitor
Current New
Market price €0,75 €2,25 €3,25
Sales quantity (month) 2000 6000 1500
Market share 8% 68 % 25 %
Profit (gross) €0,40 €1,25 €2,00
Target cost €0,35 € 1,00 €1,25

10.

Fun

10.

The
the
and

10.

Thi
cala
ISO

NOT
labd
dev

neg
QFD

10.
Thd

)

1.4.3 Function-system/subsystem matrix

ctions can be deployed to other dimensions.

1.4.3.1 General

function-system/subsystem matrix looks at the relationships between the product fuy
systems and subsystems selected to perform these functions. Praducts employing mod
interfaces can also use this matrix.

1.4.3.2 Purpose of the function-system/subsystem matrix

5 matrix proportions target cost to system and subsystem cost by way of the functi
ulated in 10.4.2.3. Subsystem costs are later proportioned to component costs and is d
TR 16355-8.

E The function-system/subsystem matrix-is labelled matrix 2-II and the subsystem ta
lled 2-111 in the Comprehensive QFD flow chart\in Figure 3.[1] Readers familiar with the 4-phase
ploped by build-to-print auto parts suppliensynotice that this matrix is not included, since costs ¥
ptiated by the equipment manufacturer.in the 1980s when this approach was truncated from con
. Readers familiar with the matrix of natrices recognize this as the C-2 matrix.[28][26]

1.4.3.3 Building the function-system/subsystem matrix
following steps are used:

Insert into the rows-of the matrix the functions and function weights from the colu
customer needs-function matrix in 10.4.2.3.4. All functions can be used in order to prope
the target cost.

Transfer the function weights to the subsystem weights using proportional distribution
10:2.4.4. AHP derived ratio scale weights for the symbols in 10.2.1 b) can be used.

ctions and
ularization

bn weights
scussed in

Iget cost is

QFD model
vere usually
hprehensive

mns of the
Ily allocate

Insert intoithe columns of the matrix the selected concept’s systems and subsystems frgm 10.4.3.6.

method in

d)
e)

©IS

Allocate the target cost to the functions in proportion to the function weights.

Allocate the target cost to the subsystems in proportion to the subsystem weights.
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EXAMPLE Table 38 shows the transfer of function weights to subsystem weights. These are then used to
calculate target costs per function and target costs per subsystem. In the example, the function “source product”
has eight relationships to the subsystems indicated with the symbols. Sum the ratio scale values for each symbol
(0,498 + 0,498 + 0,000 + 0,112 + 1,000 + 1,000 + 0,000 + 0,000 = 3,109). Divide each value by the sum (0,160 0,160
0,000 0,036 0,322 0,322 0,000 0,000) to normalize to 100 %. Multiply the function weight by the normalized
values to proportionally distribute the function weight to the symbols. Thus, 17,9 % x 0,160 = 0,029 rounded to
three places. Sum these proportional weights for each column to calculate the subsystem weights. Thus, 0,029 +
0,000 + 0,000 + 0,027 + 0,000 + 0,001 + 0,019 + 0,000 = 0,076 rounded to three places. Function target costs are
calculated by multiplying the product target cost from Table 37 x the function weights. Thus, the target cost for
the new “source product” function is € 0,179, and so forth. Subsystem target costs are calculated by multiplying
the product target cost x the subsystem weights. Thus, the target cost for the new bagel is € 0,279 per bagel and

€ 0,196 per gream-cheese-toppingand-soforth-
Table 38 — Function-system/subsystem matrix for airport breakfast kiosk (proportional
distribution)
Syste ns[Subsystems Information Ordering Preparation Delivery
v
E = v (b
Bl os 2| E| 2 | B | 2 WD
= E] = (= o= @ = = 2
5 5 g | BE% | 28 2 = s() £
5 = £ s & S 2 o 2 = ) =
Functions = ss1 s52 S53 S5 555 Ss6 sl | sss Funclion target.cos
< <9 @ [ [ ]
Souyrce Product 17,9% ! 9
- 0,029] 0,029] 0,000/ 0,006/ 0,058/ 4,058/ 0,000/ 0,000/ 178
= . : : : < » oy
&3 Acgpire Product 17,9% - "N - o176
wy 0,000 0,000 0,000 0,034 0,072 0,072 0,000 0,000 *
= e oo
= Pre|rare Product 4,8%
8 0,000 0,000 0,000 0,012 0024 0,000 0,000 0012 0,048
'j. ) 9 = o, | D »
SHip Product 15.1% g g g e g
0,027 0,057 0,000 0,000f, 0,027 0,021 0,000 0,013 0,151
L] A - - .
Finish Preparation 5,7% 9 . o e
- 0.000 0.000 0002 0,009 PRat) 0.009) 0018 0,000 e
= L) g ~
8 SqiProduct 61% M D b Wl Dol b ’
= 0,001 0,010 0ol 0010 0,010 0,010 0010 002 0,081
o . LY -~ -
L Display Product 17,9% ’ o 0/-' o e
o 0,019] 0,082}, 0,041 0,009/ 0,019] 0,009 0,000/ 0,000/ 0,179
A » (|9 y 9 C '
Mairjtain Product 14,7% g :
0,000 0,024 0,050 0011 0,050 0,011 0,000 0,000 0147
9 Absolute Weight 0,076 0,201 0,102 0091 0,279 0,196 0028 0027 Target cost
s Subsystem Weight 16% )" 201% 10.2% 91% 21.9% 19,6% 28% 27% 1,00
H Subsystem Target Cost 01@ - 0,201 0,102 0,091 0,279 0,196 0,028 0,027 Subsystem target cost
10.4.4.4 (Jomponent costdeployment and manufacturing cost deployment
As the desjgn process €lows downstream to components, materials, processes, and other details,|the
target costp can be cal¢ulated. Value analysis and value engineering can be used to further reduce cdsts.
This is disqussed.inJSO/TR 16355-8.
NOTE theh, constraints with targets such as weight (mass) can use a cost deployment-like procegs to
proportion thetarget to functional requirements, functions, system/subsystems, components, and other detpils.

10.4.4.5 Design-to-cost analysis

Cost deployment can be used to support the following steps in design-to-cost:

a) cross functional team calculates customer affordability;

b) settarget cost accounting for price elasticity, recurring and non-recurring costs;
c) acquire and prioritize customer requirements;

d) break down requirements into features, systems, and allocate costs;

e) look for unnecessary features, cost mismatches;
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f) use value analysis and innovation methods like TRIZ to find alternatives.

10.4.4.6 Parametric cost analysis

Cost deployment can be used to support the following steps in parametric cost analysis,[8] as follows:
a) estimate development costs based on engineering complexity and new technology, prototype effort;
b) estimate production costs based on machining tolerances, materials costs, labour and energy;

c) costs to sustain product;

d) |account for recurring and operational costs;

e) |costs to retire product.
10.4.5 Reliability deployment
10.4.5.1 General

10.4.5.1.1 Objective

Reljability deployment can be used when designing new products that incorporate new techrology, new
funftions, new components, new materials, new processes,‘deWw equipment, and others. Its|purpose is
to rhitigate the negative risks inherent in design changexReliability deployment focuses pn product
life|and failure modes at the product, system, subsystent, module, component, and proces$ levels. Its
purpose is to help ensure that products continue to-finction throughout their expected product life
wheén used under normal operating conditions. Deployments for service and software can bg different.

NOTE Quality deployment is referred to in JIS\Q 9025, 6.5 and 9.5.[24]

10.4.5.1.2 Composition

As shown in the reliability deployment section of Figure 3, Comprehensive QFD (right-mopt section),
relipbility deployment consists of the following matrices, tables, and charts which transferp priorities
from the customer needs to the following:

a) [fault tree analysis (see 10.4.5.3);

b) |customer needs<failure modes matrix (see 10.4.5.5);
c) |functional regquirements (see 10.4.5.6);

d) [functiom(see 10.4.5.7);

e) |FMEX (see 10.4.5.8 and ISO/TR 16355-8);

f) ~components (ISO/TR 16355-8J;
g) processes (ISO/TR 16355-8).

NOTE B.4.6 shows an example of the reliability deployment flow of charts and tables.

10.4.5.2 Measuring product risk

Different design concepts can embody a mix of potential risk factors, i.e. ways that the concept might fail
to meet quality demands for the product, system, service, process. These risk factors are associated with
failure to meet or exceed functional and non-functional requirements, including product performance
targets.[111[Z] Organizations measure product risk in many ways, among them are the following:

a) mean time to failure, for products that have components with limited serviceability;
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b) mean time before failure, for products that have components with maintenance and service parts;

c) durability, to measure expected life of a product before its functionality or performance degrades
to a level unacceptable to customers;

d) useful life, for products where technology changes or obsolescence renders the product no longer
desirable;

e) acceptable life, for fashion products where customer tastes change.

10.4.5.3 Building the fault tree

Like most dleployments in QFD, building a new information set requires a structuring process torenqure
the infornlation is mutually exclusive and collectively exhaustive (MECE). This is necessary when
making subjective judgments on the strengths of relationships between the columns and rews$ in ofder
to use the gnalytic hierarchy process (AHP) to improve the accuracy of the transfer of réw weights |nto
column wejights in a matrix. The steps are as follows:

a) Brainstorm the failure modes. These are the failure to initially meet_or*“continuously npeet
customer needs, functional requirements, functions, and other characteristics necessary for|the
produgt to be acceptable to the customer. Failure modes can be at the customer level, product l¢vel,
systenp/subsystem level, component level, or process level.

b) Structpre the failure modes into a fault tree, a type of hierarchy-fliagram described in 1SO 1635p-4.
An affinity diagram can be used for initial structuring.

NOTE Readers familiar with the matrix of matrices recognize this as the F-2 chart[28].

EXAMPLE Figure 12 shows failure modes at the customer‘level. At the customer level, failure moded are
technology Independent.

Lightsource burns out |

Does notilluminate

Power source fails |

Breaks when dropped |

| &Mrugged

Lightis intermittent |

Moisture fogs light |

/
Light unfocused |
Difficult to see Lightintensity fluctuates |
Unilluminated areas |
Lightsource fails to produce

sufficientlight

Figure 12 — Fault tree for hand-held torch
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10.4.5.4 Fault tree analysis (FTA)

Fault tree analysis can be used to estimate failure probabilities. Fault tree analysis adds Boolean logic
to the tree in the form of AND and OR gates, as well as probabilities of failure at the system, subsystem,
component, or process level. Fault Tree Analysis can also be used for system level vulnerability to
undesirable events due to interaction of causes.[56]

a)

AND gates are used when lower level events must all occur for the system top event t

o fail. AND

gates multiply the probabilities of each next level events failing, thus decreasing the likelihood of

failure.

b)

‘)

EXA

illuninate,” there is an OR gate to the two lower level events of “light sources burns out” and “p

faild
0,02
whd
top

10.

Cus

OR gafes are used when any of the lower level events causes the system to fail. OR ga
probabilities of each next level event failing.

Fault tree analysis prioritizes failure modes on the basis of probabilities of‘events
Designs that change OR gates into AND gates are generally desirable.

MPLE Figure 13 adds the probabilities of failure events to the fault tree.An’the top event

.” Each OR gate lower event probability is summed to calculate the top évent probability of fz
+0,06 =0,08. In the top event of “Is not rugged,” there is an AND gate to the two lower level event
n dropped” and “light is intermittent.” Each AND gate lower event prigbability is multiplied to g
bvent probability of failure. Thus, 0,009 x 0,006 = 0,000 054.

Li@ﬁ)sburce burns out |
Does notilluminate < p=0,02
p=0,02+0,06=0,08
Power source fails |
p=0,06

/I Breaks when dropped |
Isnot ruggg@\\v AND p=0,009
p=0,009x0,006-=0,0000

Lightis intermittent |
p=0,006

Figure 13 — Fault tree analysis for hand-held torch

1.5.5 Customer needs-failure mode matrix

tomer needs failures can be deployed.

es add the

occurring.

bf “does not
wer source
ilure. Thus,
s of “breaks
alculate the

10.4.5.5.1 General

The customer needs-failure mode matrix looks at how product failures effect customer satisfaction.
the relationships between the product functions and the systems and subsystems selected to perform
these functions.
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10.4.5.5.2 Purpose of the customer needs-failure mode matrix

This matrix prioritizes failure modes from the effect they have on customer satisfaction. .

NOTE The customer needs-failure mode matrix is labelled matrix 1-IV in the Comprehensive QFD flow chart
in Figure 3.[1] Readers familiar with the 4-phase QFD model developed by build-to-print auto parts suppliers

notice that this matrix is not included. Readers familiar with the matrix of matrices recognize this as the D-1
matrix.[28]

10.4.5.5.3 Building the customer needs-failure mode matrix

a) Insert[into the rows of the matrix customer needs and customer need weights from the rows of
the customer needs-functional requirements matrix (house of quality) in 10.2.2.1. If the weighted
quality planning table is used, then the adjusted weights can be entered. See ISO 16355-4| for
detaild. (O

/
b) Insertfinto the columns of the matrix the fault tree from 10.4.5.3. 0;0(9

¢) Transfer the customer needs weights to the failure mode weights using the method in 10.2.3. AHP
derivef ratio scale weights for the symbols in 10.2.1 b) can be used.

EXAMPLE Table 39 prioritizes failure modes on their effect on satisfying cus(i)q}ler needs.

N

Table 39 — Customer needs-failure modes matrix for ort breakfast kiosk

Failure Modes

Customer Needs

= |lcan mpke a healthy
~ |choice 003" C ,h.um 0022 0,000 0,000 0022 0.096 0.036
-
~ . o N 9 9 > s
= |l can gdt a taste | like 60,6% C)
ﬂ,ﬁﬁ 0,000} 0,302 0,302 0,143 0,606 0,000 0,000
=2 |l can mpke an appealing 11.6% e <9 <@ @ @ [ o D
~ |choice ' 0.116) 0.058) 0,058 0013 0.013 0,116 0,058 0.021
- ) \J - O
= |l can cloose quickly 8,6% (\, .
a1 0,000} 0,000} 0,000 0,000 0,005 0,086 0,000 0,000
0818 0,058 0,381 0315 0,161 0829 0,154 123

weighted

10.4.5.6 Eun,c{@l requirements-failure mode matrix

Functional r@uirement failures can be deployed.

10.4.5.6.1 General

The functional requirements-failure mode matrix looks at how product failures diminish the
performance of functional requirements (product characteristics and capabilities) over the life of the
product. Since functional requirements define the solution space to achieve customer needs, this matrix
prioritizes which product failures can lead to the most customer dissatisfaction.
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10.4.5.6.2 Purpose of the functional requirements-failure mode matrix

This matrix prioritizes failure modes from the effect they have on product functional requirements and
performance requirements. This can be at the product, system, or subsystem level.

NOTE1 The functional requirements-failure modes matrix is labelled matrix 2’-IV in the Comprehensive QFD
flow chart in Figure 3.[1] Readers familiar with the 4-phase QFD model developed by build-to-print auto parts
suppliers notice that this matrix is not included. Readers familiar with the matrix of matrices recognize this as
the D-3 matrix.[28]

NOTE 2  The functional requirements-failure modes matrix is not always necessary if performance is not
critica

10.4.5.6.3 Building the functional requirements-failure mode matrix
The steps are as follows:

a) [Insert into the rows of the matrix functional requirements and their weights from the columns of
the customer needs-functional requirements matrix (house of quality)\in 10.2.2.1. If the weighted
design planning table in Clause 33 is used, then the adjusted weightS ¢an be entered.

b) [Insertinto the columns of the matrix the fault tree from 10.4.5.8.

c) |Transfer the functional requirement weights to the failuré mode weights using the [method in
10.2.3. AHP derived ratio scale weights for the symbolsdn $0.2.1 b) can be used.

10.4.5.7 Function-failure mode matrix

Functional failures can be deployed.

10.4.5.7.1 General

The function-failure mode matrix looksathow product failures effect product functions of the systems
and| subsystems selected to perform-these functions.

10.4.5.7.2 Purpose of the function-failure mode matrix
Thip matrix prioritizes failiré modes from the effect they have on product function.
NOTE The function‘failure modes matrix is labelled matrix 2-IV in the Comprehensive QFD flow chart in

Figyre 3.[1] Readers fdmiliar with the 4-phase QFD model developed by build-to-print auto parts suppliers notice
thafjthis matrix isdetincluded. Readers familiar with the matrix of matrices recognize this as the D-2 matrix[28].

10.4.5.7.3 -Building the function-failure mode matrix

The folowing steps are used.

a) IMSEertimto the Tows Of the matrix functions and thelr Welgitts fTomT the CoIummnsS of tie customer
needs-function matrix in 10.4.2.3. If the weighted quality planning table is used, then the adjusted
weights can be entered. See ISO 16355-4 for details.

b) Insertinto the columns of the matrix the fault tree from 10.4.5.3.

c) Transfer the function weights to the failure mode weights using the distribution method in 10.2.3.
AHP derived ratio scale weights for the symbols in 10.2.1 b) can be used.

EXAMPLE Table 40 is a partial table showing the prioritization and rank ordering of failure modes based on
the function priorities.
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Table 40 — Function-failure mode matrix for hand-held torch (partial)

10.4.5.8 R

Failure mo
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FMEA is a
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product, s}

QFD prioritize which failure modes have the greatest impact on customer satisfaction by analy

the impac
subsystem|
how frequ
These eval
ISO/TR 16

NOTE f

flow chart in Figure 3.[1] Readers familiar.with the 4-phase QFD model developed by build-to-print auto p

suppliers n
Table.[28]

10.4.5.8.2

At the syst
at the com
the compo

EXAMPLE

2
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o= £l =
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ailure mode and effects analysis (FMEA)

de analysis can help prioritize the failures.

General

qualitative or quantitative analysis of failure modes.knewn from past experiences. It
a guide to preventing similar failures in the new-product. FMEA can be applied at
stem, subsystem, component, process, and equipment levels.[11[22][39][53] FMEA helps

f failures have on product performance angh function. Typically, each product, syst
component, process, and equipment failureimode is evaluated for the impact the failure
ently it occurs, and how easy it is to detect when it has occurred or before it has occur
llations can be simply verbal as shown in Table 41, or they can be quantified as explaine
855-8.

MEA is associated with the components deployment level matrix 3-IV in the Comprehensive

tice that this is not included. Readers familiar with the matrix of matrices recognize this as th¢

System/subsystem’ FMEA

bm /subsystemlével, there can be insufficient detail for the more mathematical FMEAs y
bonent levelIn such cases, a simplified FMEA can be used. The more detailed FMEA use
hent and.process level is discussed in ISO/TR 16355-8.

Table 41 is an example of a subsystem design FMEA table. Its columns identify the failure m

can
the
the
bing
em,
has,
red.
d in

OFD
Arts
F-2

sed
d at

des
it is

from Table

390)Additional columns then identify the source of the failure, the threat of the failure, wh

threatened, how frequently the failure occurs, how much impact the failure has, ease of detecting the failure
when it has occurred, and risk level on a 9-point scale from extreme risk (9) to minimal risk (1). Then, mitigating
or corrective actions are identifies and referenced documents of standards noted.
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Table 41 — FMEA (simple) for airport breakfast kiosk

Who Why What When  How much Where How How
FMEA table
I------ll
failure modes| source threat object |frequency? impact? |detect? level action
FM6 Run out of employee  order not bagels daily  smallto easy order more  MA2-12
product enough large fregently
customers  buy more than bagels hourly smallto  hard 6 |sale on AHP-3
expected large availablesstock
running recgrd SPC-1
of Sales
FM1 |Productburnt employee bakes too long bagels  veryrare huge easy 1 _lerror proof BK-7
bagel baker

10.4.5.8.3 Anticipatory failure determination

The TRIZ tool set attempts to anticipate failure modes and how to ¢ause them. This analysif is used to
mitjgate or prevent them:[30][55]

a) |brainstorm all potential failures;

b) |look for ways the failures can be produced, as follows:
— destroy system'’s resistance to specific effegt;

— make system vulnerable;

— intensify the failure;

— mask the failure;

— transform harmless object into a source of danger;
c) |prevent or eliminate the failure, as follows;

— eliminate causeoof failure;

— remove source of harm or change its properties;
— modifyokcounteract the harmful effect;

— isolate the system from the harmful effect;

—Anhcrease resistance to the harmful effect;

— modily of Substitute anotner object to e Subject to the harmiul eifect,
— localize or isolate the harmful effect;
— reduce or blend in the harmful effect;
— use the harmful effect for some beneficial purpose;
— facilitate detection of the harmful effect.
EXAMPLE A transaxle bearing prone to slippage under heavy loads was replaced with a new metal with a

different coefficient of expansion which tightened the bearings as loads generated heat. The harmful effect of
heat was used to tighten the bearings.
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10.4.5.8.4

Additional reliability tools

These additional tools have been used in QFD studies to address reliability concerns:

a)
b)
‘)
d)

failure

failure

event tree analysis;[34]

reliability block diagrams and dependence diagrams;

mode, effects and criticality analysis (FMECA);[49]

mode effects and diagnostic analysis (FMEDA);[€]

e)
f)
g)

V-mod

proces

10.4.5.9 R

Reliability
environme

10.4.5.9.1

Regulatory

10.4.5.9.1

Organizati
QFD studie

EXAMPLE

focused tar
consistent,
peer groupy
fuel operati
and experie|

Table 4

lifetimle estimation;

el of systems engineering;[13]

s decision program chart (PDPC).[38][40](5]

eliability deployment related uses

deployment tools can be used to investigate risks related to-hazards, consumer
ntal safety, toxicology, security, data protection and vulnerability.

Regulatory, environment, and sustainability deployment

, environmental, and sustainability issues can be deployed.

1 Regulatory deployment

bns that are highly regulated are constrained-by governmental and professional bodies
s can be adapted for these.

Table 42 shows how QFD is used to help'drive continuous operational improvement and custo
bet-setting, Their power generation division (PGD-FPL) business services provides management y
pearly, performance trending benchmarks both internally and externally against available indu
across key operating metrics: safety, availability, reliability, generating efficiency (heat rate),
bns and management cost (¢/kWh and $/kW), productivity, emission rates, non-operated coal pla
hce curves.[12]

|2 — Assuring customer satisfaction, improvement, cost reduction, and regulatory
compliance at Florida Power & Light

and

and

mer
vith
Stry
hon-
nts,

FPL Business Services QFD Matrix
QFD Customer satisfaction expectations
. XXX:Function Customer(s - i j-
linkage (s) Accura- | Timeli Outcome results
cy ness
. Performance Management, regulators, - - Fleet performance
Quahty T T X X
Benchmarking investors, ratepayers Improvements
Financial analyses Project leaders, plants
Cost (NPVs, EDMs) and ) P ’ X X Cost savings
budgets management, ratepayers
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Table 42 (continued)

FPL Business Services QFD Matrix

QFD
linkage

Customer satisfaction expect

ations

XXX Function Customer(s)

Timeli-
ness

Accura-
cy

Outcome results

Pro
Pro

Regulatory co
and performa
wards

FPL regulatory account-
ing,
external regulators

cess/
duction

Routine regulatory

analysis and reporting X

X

mpliance
nce re-

Prao
Tas

1 1AL 1
ITILCT IIdl. VVILIICSSTES dllu

management
Regulatery-cqg

and fdir ROE

ject/
k Mgt.

Rate case/discovery /

due diligence disclosure External: Regulators,

shareholders and rate-
payers

mpliance
utcomes

10.

In
sati
use

EXA

1.5.9.1.2 Responding to existing challenges

response to changing regulatory changes, QFD helps producers;-avoid tradeoffs in
sfaction and instead protect and enhance customer satisfaction, Reverse QFD in 10.4.3.5
d to analyse and mitigate the impact of regulatory changes on dustomer satisfaction.

MPLE A manufacturer of an aerosol product was forced-to,abandon CFCs as a propellant.

the

10.4.5.9.1.3 Proactively addressing challenges

Defprestation, diminishing biodiversity, acid rain;*ozone layer depletion, global warming,
population growth are concerns of product develdpers. These concerns influence at the corpa
levdl,[10] project level, customer level, produet level, system level, component level, materials
levgl, and process level. QFD can be used for sustainable solutions that require significant
and| departure from traditional designs, and this can be done before design decisions are m

ap

10.

The
too

formulate a new product that did not compromise the consumer experience.[36]

opriate resourcing can be planfed.[46]

1.5.9.1.4 Sustainable business growth

evolution 7-QFD topls llave been used to help organizations adapt and grow.[40] The
s are as follows:

Blue ocean strategy (Bos-QFD) which is discussed in ISO 16355-2;

Statistical \methods (Stat-QFD) which is discussed in design of experiments in ISO 16
ISO 16355-7;

Quality assurance (QA-QFD) which is assuring quality in the early stages of product dg

customer
.1.2 can be

QFD helped

ind human
rate policy
level, build
innovation
hde, so that

integrated

355-6 and

velopment

using quality deployment which is discussed in 10.4.2:

f)

g)

©IS

Job and business function QFD (Jobs-QFD) covers both integration of organizational functions in
a new product development systeml39] and well as specific job details[33] which is discussed in

ISO/TR 16355-8;

Taguchi methods and TRIZ (TT-QFD) looks at the design optimization methods of Genichi Taguchi

discussed in ISO 16355-6 and ISO 16355-7, and TRIZ discussed in 10.4.3.4;

Relational database (Rdb-QFD) to acquire, archive, and retrieve organizational knowled
discussed in 9.3.7;

ge which is

Sustainability (Sus-QFD) to create sustainable quality management systems that promote business

growth, such as ISO 9001:2015.
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10.4.5.9.2

Safety deployment

Safety concerns can be deployed.

10.4.5.9.2.

Safety Dep
sanitation,

1 General

loyment focuses on user safety, production safety, materials safety, toxicology, hygiene and
environmental safety and sustainability. In new product development, safety requirements

can be dictated by a regulatory agency department at a governmental level or an internal department

responsible for product 11ab111ty, safety claims on packaglng, 11a151ng with regulatory agenc1es and

internal sa
a verificat
offersan o

10.4.5.9.2

When mod
product sa

EXAMPLE 1
positive air
need is to 1
functional
infection fr
column) as
periodicallyj
ensure ster

on or Valldatlon approach such as by 1nspect10n reportmg, tra1n1ng and other means, QFD

eflect

bportunity to build safety in by design, using both the modern and comprehensive QED tqols.

2 Maximum value table

ern Blitz QFD® is used, the maximum value table can include columns related to user safety,
fety, materials safety, process safety, and other areas of concern.

Table 43 shows information related to patient safety with an air‘filter used in a contingous
wvay pressure (CPAP) machine used to aid people with sleep apnea. ‘The highest priority custgmer
ot get ill at the diagnostic centre and the filter is used to filter out-¥iruses and bacteria (profluct
equirements column) with 99,999 % efficiency (performance targéts column). There is patient rigk of
m microbes (safety column) at the diagnostic centre such as¢uberculosis and hepatitis (clinicalfrisk
vell as a risk of filter debris entering the patient’s lungs. Suppliers of filer media must be inspefted
for pinholes and tears in the media (supply chain column)and the in-house assembly process rhust
lity and no human contact (sterility column).
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Table 43 — Maximum value table with columns for safety factors in a medical filter

Solution Concept Manufacturing
Performance Reliability/ Te.stln‘g/
Customer Product Targets/ Validation/ . .
) ) ) Safety/ Supply Chain Sterility
Needs RequirementqQuality Metricy Risk Regulatory/
CTQs Clinical Risk
[ don't catch| |bactierial and |ease of filter |risk of filter HEPA class 13 (>99,97), filter supplier plantfilters sealed in
any disease | |viral filtering |insertion and |material entering |Tested against Mycobacterium inspected 2/year, |pouches and not
while at removal, airflow (foam tuberculosis, Hepatitis C, HIV, receiving test on 2 |touched in factory
ceryter: e partietecinbles Hers|Sapeatia marcoscans, tHhits-per-+606-for
size 0,3 shed), Cellulose-  |Staphylococcus aureus, Bacillus  |pinholes o tears.
micronsor | pased filter media |subtilis, and MS-2 coliphage.
can become a . . .
larger, . . Institute of Environmental Sciences
\ fertile breeding
# ﬁlterz, ~ |ground for and Tech.nology (IEST) z.md
99,99+% viral| picrobes. MERV 8§ |Underwriters Latl)lorat(.)rles (UL)
efficiency, pre-filters are [EST-RP- CC021 “Testing HEPA
99,999% treated withan  |20d ULPA Media which governs
bacterial EPA registered requirements for the filter media
- 8 ' IEST-RP-CC001 “HEPA and ULRA
efficiency, broad-spectrum e \
fit standard | anti-microbial Filters”, Whlch govern§ overall filter
CPAP tubing designed to consFructlon and labeling
) inhibit microbial  [requirements [EST-RP-CC034
inlet/outlet: « ;
growth and HEPA and ULPAFilter
22mm L.D. x protect the Leak Tests, whichgoverns HEPA and
15 mm integrity of the ULPA filter penetration (leakage)
LD./22mm | greec oodia, tests Testing and certification
0.D, Dead to meet'UL900 flammability
space 42 ml requirements.
EXAMPLE 2 An electrical power utility Communicates safety issues through safety bulletins. Green bulletins
des¢ribe a new procedure, a safety (ory'other enhancements such as mobile applications. Yellgw bulletins
comimunicate a near miss that did not result in an injury but could have. Red bulletins communicate |njuries. For
yellpw and red bulletins, the name-of the employee or the plant is not included. The purpose of the Qulletin is to
ensfire any lessons learned are\shared so the injury is not repeated at another location. Letters of| Instruction
are pused to track compliance ‘with new mandatory safety issues. Safety teams meet each week and fhe meeting
minputes are distributed atid) posted on a safety website. Every two weeks, the safety team gives § leadership

updpte to discuss new intitiatives, plans and accomplishments. The safety team also conducts annudl site safety

ass¢ssments. This afferds an opportunity to learn first-hand what safety concerns or issues are in t

safety team participates in periodic safety surveys of all employees to get their feedback.

10.4.5.9.2.3 \L-matrices

Si
as

ilar\to failure modes, safety concerns can be identified and prioritized using L-ma
ustomer needs-safety matrix, functional requirements-safety matrix, function-safdty matrix,

he field. The

rices such

component-safety matrix, equipment-safety matrix, and process-safety matrix. The high priority safety
items are investigated and proactive and corrective actions are taken.

EXAMPLE

Table 44 shows a portion of a matrix used to identify safety risks with explosive munitions.
Customer safety needs include operator handling, survivability of environmental conditions, detonation failures,
electromagnetic pulses (EMP), and other conditions. Product characteristics include thermal, chemical, and
mechanical characteristics such as thermal stability, ignition temperature, and others[43].
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Table 44 — Customer needs-product characteristics L-matrix for munitions safety

Thermal & Chemical Characteristics

Physical & Mechanical

Characteristics

z -
= =2
& A
g g Z
e g |2 s s
3|3 |3 < |2
g | |E S |8 2
Z |2 |E S (o
= A a |5
v |3 | = ° 3
@ vy v g . % E‘ = %
e 1815 |2 |F |E |5 5 5
g = > S |8 3 = g} 8'
g £ € |2 |2 |2 |2 2 &
E B |13 |e|E | |8 |28 g
5 |2 |2 |2 |8 |5 |2 |&KHE 3
S EIEIE|E|€ |2 |22 |%|¢
1%} -] D N QL [-F] = o [ =]
Customer Needs 3 |E|E|B|E |8 |E§l2]&|&8|2
I
Effectiveness Penetrator performance 0,100 ™
(0:300) Blastffrag effects 0,200 & P
Withstand being in a fire - fast 0017 I o
= cookoff
Withstand being in a fire - slow
5 W <urvivabil thstand being in a fire - slo 0,017
=) survivability |cookoff
§ (0100 Withstand bulletand fragment impact|0,034
o
£ T n
5 \nmhs_tzfmd sympathetic detonation 0033
5 conditions
a
g Rough handling 0925
s Safety
< Weapon firing/hot tube 0050 @ ® e
& (0,100) ponnng
EMP/lightening 0,025
Controlled storage 0,025 ®
Reliability
Uncontrolled'storage 0,025 ®

10.4.5.9.3

Security cd

Security deployment

ncerns can be deployed.

@ = extremely strong relationship
% = moderately strong relationship
C = weak relationship

10.4.5.9.3.1 Organizational information

Security deployment of organizational information includes protection of intellectual property, trade

secrets, classified information, communications, and other unauthorized uses.

10.4.5.9.3.2 Personal information

Security deployment of personal information includes protection of identity, financial information,

health records, and related information, communications, and other unauthorized uses.
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10.4.5.9.3.3 Systems

Security deployment of systems includes unauthorized use or access of a system, including, but not
limited to computer operating systems, device operating systems such as industrial equipment, medical
devices, automobiles, and others.

10.4.6 Lifestyle and emotional quality deployment

Lifestyle and emotional quality deployment focuses on non-functional requirements such as aesthetics,
attraction, and the emotional value of feeling good about oneself and looking good in the eyes of others

whaose opinion are esteemed. While this can hngin Hnring the concept ﬂpvn]npmpnf level it

bes

10.
QFIl

10.

Ina
be ¢
dim
of t
pro

10.

Fun
reli
inte

10.

NeV
con
and
gen
feas
pat
con

10.

Par

F at the component level after the functional design is optimized. This is discussed in ISO/T]

5 Transferring deployment sets by levels

deployments can flow down to different levels of design.

b.1 General

ddition to the deployments of dimensions of design (displayed vertically in Figure 3), Q}
onducted at the levels of design (displayed horizontally). A matrix or table occurs whe
ension and a design level intersect. Not every deployment iS¢required for every project.
he deployments, which charts to use, and in what sequence can be tailored to the org
Huct development process.

5.2 Function deployment

ction deployment examines the relationships between function and quality, technc
hbility, and other dimensions. Function depléeyment can also be used to examine modular
rfaces Function deployment details aredn 10.4.2.3, 10.4.2.4, 10.4.4.3, and 10.4.5.7.

5.3 New concept engineering and deployment

applicable
R 16355-8.

FD can also
Fe a design
The layout
anization’s

logy, cost,
zation and

U concept deployment examines-the relationships between functional requirements and
cepts and their reliabilitysBased upon the priority and design target levels, both existi

hew design
solutions

new technology conceptscan be explored. Helpful activities include innovation, invent?tLgn, product

eration strategic pertfolio analysis, concept hybridization, modularization, concept
ibility studies, resource planning (project management), intellectual property (patent s
ent of inventiong);technology risk, robust design, design optimization and parameter d
cept deployment details are in 10.4.3.7.2.4 and 10.4.5.6.

6.4 Parts.deployment

Ls_deployment examines the relationships between component parts and quality, techn

selection,
creen, and
esign. New

plogy, cost,

and|

réliability. Deployments for service and software can be different, and can also refer to cd

mponents.

This is discussed in ISO/TR 16355-8.

10.5.5 Manufacturing and process deployments

Manufacturing and process deployments examine the relationships between manufacturing,
production, or other build and implementation methods and equipment and quality, technology, cost,
and reliability. This can support agile, lean, and world class manufacturing activities. Deployments for
service and software can be different. This is discussed in ISO/TR 16355-8.
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10.5.6 Project work or task management

Project work or task management concerns related to managing resources, skills, tools and testing,
cost, milestone and prototypes schedules, risks, changes to scope and schedule, and other areas of
project management.[43][57] This is discussed in ISO/TR 16355-8.

11 Design optimization

Design optimization is discussed on ISO 16355-6 and ISO 16355-7.
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Theory of Inventive Problem Solving (TRIZ)

A.1—Overview

Thip annex contains the definitions of classical TRIZ engineering parameters and inventive|principles,

alomg with the tables of contradictions. They are used as follows.

a) |Define your engineering conflict using Altshuller’s engineering parameéters (A.2).|Find both
the parameter to be improved and the parameter at risk of degradation: If there afe multiple
parameters, they can be analyzed separately.

b) [Look up the parameter number to be improved and degraded-in the appropriate table of
contradictions in A.3.

c) |In the intersecting cells in the table of contradictions, arefene or more numbers that fefer to the
inventive principles that are defined in A.4. These inventiyeprinciples can be explored fdr solutions
to the subject problem.

A.2 Altshuller’s 39 classical engineering:parameters (TRIZ)

1) Weight of moving object  13) Stability of gbject 25) Waste of time

2) [Weight of non-moving 14) Strength 26) Amount of substanice
object 15) Durability of moving object 27) Reliability

3) [Length of moving object 16) \Durability of non-moving 28) Accuracy of measurement

4) L%r_lgt? of non-moving object 29) Accuracy of manufpcturing
objec 17) Temperature 30) H ful £ .

5) |Area of moving object . ) armful factors acting on

18) Brightness object

6) |Area of nonmovingopfect 19) Energy spent by moving 31) Harmful side effects

7) [Volume of moying’object object 32) Manufacturability

8) Vol}Ame of noh-moving 20) En.ergy spent by non-moving 33) Convenience of use
object object

9) Kpeed 21) Power 34) Repairability

10)|Ferce 22) Waste of energy 35) Adaptability

11) Tension and pressure 23) Waste of substance 36J Lomplexity of device

12) Shape 24) Loss of information 37) Complexity of control

38) Level of automation
39) Productivity
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A.3 TRIZ classical tables of contradictions

A.3.1 Improve parameters 1-10 degrade parameters 1-10

82

1 | Weight of moving object

Weight of nonmoving
object

Parameter - - -
o
degraded| & = ] £l ] - o =4
) = = S L% £ ) =
© 2 G 2 2 N ° e
o0 © o0
E e £ = =
=] - = - o0 g = £ -
g 9 = £ 9 = 3] N £9 S 8
g S @ > o 0 = 2 O 2 e 9 Q o
o = 1=} s = > o = == Q =
] o) g fali) e =2 ] « 2 2 °
bl o © = S © £ - © — © © (%) B
© - ° — © < Q
= = S © © 1) =}
= 20 =l 50 © o £ ]
o0 () 1) = ) = =
Parameter 5 > = 3 = < = ©
to improve = it < = >
1 2 3 4 5 6 7 8 9 10 (\

3 | Length of moving object

Length of nonmoving
object

5 Area of moving object

Area of nonmoving
object

7 |Volume of moving object

Volume of nonmoving
object

9 Speed

d
10 Force %\%
Q

&
éo?“

R
S
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A.3.2 Improve parameters 11-20, degrade parameters 1-10

ISO 16355-5:2017(E)

Parameter - - -
degraded| & 4 ] & 8 - 2 2
S | % 5 | = | £ S |z
e ° ) S 2 - 2
[-T1] E -1} E =) o0 E
=] - = - o - = -
5 s B g s 8 = £ B 5 £ 8 = o
[=IN) > o 9 = £ 0 =) Q =]
g | 5| g |E5| &8 | g5| 8 | 2| & 5
= S’ E S = Eo - o © ) =
=) E ° = — o =] @
- = = o [+ [} E
= o0 = B0 « o £ 5
Parameter .E" § & s o :: E 2
to improve = 3 = < G =
1 2 3 4 5 6 7 8 9 10
11 Tension, pressure 10,36, 113,29, 135,10, | 35,1, 110,15, 110,15, 1°6, 35, 35,24 6,35, 136,35
P 37,40 | 10,18 36 | 14,16 | 36,28 | 36,37 10 ’ 36 21
8,10, | 15,10, | 29,34, | 13,14, |5,34,4, 14,4, 35,45, |'45, 10,
12 Shape 29,40 | 26,3 | 54 | 10,7 10 15,22 | 7235 | 3448 | 37,40
o . 21,35, | 26,39, | 13,15, 2,11, 28,10, | 34,28,/| 33,15, | 10,35,
13|  Stability of object 2,39 | 1,40 | 1,28 | 7 13 39 119,39 |I35m40 | 28,18 | 21,16
14 Strength 1,8,40, [ 40,26, |1,15,8, | 15,14, | 3,34, | 9,40, (40,15, | 9,14, | 8,13, | 10,18,
g 15 27,1 35 | 28,26 | 40,29 28 14,7 | 17,15 | 26,14 | 3,14
Durability of moving 19,5, 3,17, 10,2, 19,2,
15 object 34,31 ) 2,19,9 ) 19 ) 19,30 ) 3355 g
16 Durability of nonmoving ) 6,27, } 1,40, ) . 35,34, )
object 19,16 3§ 38
36,22, | 22,35, | 15,493 15,19, | 3,35, 34,39, 2,28, |35,10,
17 Temperature 6,38 | 32 g 9 | 39,18 | 338 | 40,18 |3>%* | 36,30 | 3,21
. 19,1, |<2.35, | 19,32, 19,32, 2,13, 10,13, | 26,19,
18 Brightness 32 32 16 26 10 19 6
12,18
19 | Energy spentby moving o 2531 = 11228 _|15,19, ~ 3513 i 8,35, | 16,26,
object ’ 25 18 35 21,2
20 Energy _spent _by ) 19,9,6, } ) . ) 36,37
nonmoving object 27
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A.3.3 Improve parameters 21-30, degrade parameters 1-10

Parameter - - =
degraded 8 4 3 2 S o0 2 2
=2 S = = 2 £ 2 g
© 2 ° 2 2 s ° e
o0 E -] E =) [-T1) E
=} - = - 0] - s
= =31 = =0 = E B = s 8 =
2 o > oo = S 0 2 S a o
g ) g £ | 3 sz | g S5 | 3
E|s8| E |£3| g2 |8 E |s%| &
o - ) = [ © © o
- = = = ° © [ ]
= 8o = o0 © o £ =
8o ) o0 = o = =
Parameter ] = = 2 = < 2 ©
) = ) < © >
to improve = >
1 2 3 4 5 6 7 8 9
‘ 12,18 ‘
28.31 I 0 I, TU I J JJ, U, oV, U, IJ, 09
21 Power 38,31 | 17,27 | 35,37 19.38 | 1338 | 38 25 2
15,6, | 19,6, |7.2,6, 15,26, | 17,7, | 7,18, 16,35,
22 Waste of energy 19,28 | 18,9 13 %387 1730 | 30,18 | 23 7 38
35,6, | 35,6, | 14,29, | 10, | 35,2, | 10,18, | 1,29, | 3,39, | 10,13;
23|  Waste of substance 23,40 | 22,32 | 10,39 | 2824 | 10,31 | 39,31 | 30,36 | 18,31, 28)38
24 Loss of Information 10524‘ 10’535' 1,26 26 30,26 | 30,16 2,22 26,32
. Waste of Time 10,20, | 10,20, | 15,2, | 30,24, |26,4,5, | 10,35~J2.5,34, | 35,16,

37,35 | 26,5 29 14,5 16 1754 10 32,18

35,6, |27,26, | 29,14, 15, 145 |»2,18, | 15,20, 35,29,

26| Amountofsubstance 18,31 | 18,35 | 35,18 29 M| 40,4 | 29 34,28

27 Reliability 3,8,10, |3,10,8, | 15,9, | 15,29, | 17,10, | 32,35, | 3,10, 2,35, | 21,35,

40 28 14,4 | 28,11 | 14,16 | 40,4 | 14,24 24 11,28

28 Accuracy of 32,35, | 28,35, | 28,26, | 32,28, | 26,28, | 26,28, | 32,13, 28,13,

measurement 26,28 | 25,26\[.5,16 3,16 32,3 32,3 6 32,24

29 Accuracy of 28,32, | 28735, | 10,28, | 2,32, | 28,33, | 2,29, |32,23, | 25,10, | 10,28,
manufacturing 13,48 |+ 27,9 | 29,37 10 29,32 | 18,36 2 35 32

30 Harmful factors acting on |,22,21, | 2,22, | 17,1, 118 22,1, | 27,2, |22,23, 34,39, | 21,22,

object 27,39 | 13,24 | 39,4 ! 33,28 | 39,35 | 37,35 | 19,27 | 35,28
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A.3.4 Improve parameters 31-39, degrade parameters 1-10

ISO 16355-5:2017(E)

Parameter - - -
Q
degraded| & E" 8 oo E 50 2 %n
s | E s | E = | E s |3
o 1) S ° e 2 o™ 1)
= g - =) £ - 1) E - £ E -
- [=E1 - = O =) 3] = =3 a1 ]
3 | 22| 3 | 2| ¢ | 52| &8 | 22| ¢ g
E ]| E |s8| B || & |83 & | <
s | £ S |3 5 | g s | B
= o0 £ 50 « @ £ E}
b0 ) e = o = = =
Parameter 5] = s ° = < = S
to improve = = >
1 2 3 4 5 6 7 8 10
12,18
. — 135,22, |17,15, 17,2, | 22,1, | 17,2, | 30,18, | 35,28, | 35,28,
31| Harmfulside effects 15,39 | 1,39 | 16,22 18,39 | 40 40 | 354 | 3,23 | 1,40
. 28,29, | 1,27, | 1,29, | 15,17, | 13,1, 13,29, 35413,
32 Manufacturability 15,16 | 36,13 | 13,17 27 26,12 16,40 1,40 35 81 35,12
33 Convenience of use 25,2, 16,13,1,| 1,17, 1,17, | 18,16, | 1,16, | 4,18 |18,13, | 28,13
13,15 | 25 | 13,12 13,16 | 15,39 | 35,15 |'39,31 | 34 35
A 2,27 | 2,27, | 1,28, | 3,18, | 15,13, 2572, 1,11,
34 Repairability 35,11 | 35,11 | 10,25 | 31 32 | 10254 35717 1 34,9 10
. 1,6,15, [ 19,15, | 35,1, | 1,35, |35,30, 15,35, 35,10, | 15,17,
35 Adaptability 8 |2916 | 29,2 | 16 | 209 [1210 | 29 14 20
. . 26,30, | 2,26, | 1,19, 14,1, 34,26, 34,10,
36 Complexity of device 34,36 | 35,39 | 26,24 26 13,16 6,36 6 1,16 28 26,16
37 | Complexity of control 27,26, | 6,13, | 16(17, 26 2,13, | 2,39, |29,1,4, | 2,18, |3,4,16, | 30,28,
plexity 28,13 | 28,1 |.26)24 18,17 | 30,16 | 16 | 26,31 | 35 | 40,19
. 28,26, | 28:26, | 14,13, 17,14, 35,13,
38 Level of automation 18,35/35.10 | 17,28 23 13 16 28,10 2,35
. 35:26, | 28,27, | 18,4, | 30,7, |10,26, | 10,35, |2,6,34, | 35,37, 28,15,
39 Productivity 24,37 | 15,3 | 28,38 | 14,26 | 34,31 | 17,7 10 | 10,2 10,36
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A.3.5 Improve parameters 1-10, degrade parameters 11-20

86

Parameter o0
[-T1)
degraded o £ £
[ - E > = ‘a
= © Z o 2 >3
g 2 : | E e . |E | £5
7] = 7]
E g |2 |5 |sg|2g| ¢ |E |28 Es
a 5 3 ) L a2 z = = L &=
g = 2 g 22 | °2 =3 % 8| %
S @ = a | = E g £ 2 ® 2
% 3 ) = o q @ 3 E
5 s £ 2 & =
[ w = 2] f = =
Parameter a = 2
to improve = =
11 12 13 14 15 16 17 18 19 20
. . . 10,36, | 10,14, | 1,35, | 28,27, | 5,34, 6,29,4, | 19,1, | 35,12,
1 | Weightofmoving object | ;7 | 35 40 | 19,39 | 18,40 | 31,35 | ~ 38 32 |3431|
2 Weight of nonmoving 13,29, | 13,10, | 26,39, | 28,2, A 2,27, 128,19, | 19,32, : 18, 19,
object 10,18 | 29,14 1,40 10,27 19,6 32,22 35 28,1
. . 1,8,10, (1,8,15, | 8,35, 10,15, 8,35,
3 | Length of moving object |1,8,35 29 34 29,34 19 - 19 32 4 -
4 Length of nonmoving 1,14, | 13,14, | 39,37, | 15,14, ) 1,10, | 3,35, 325 .
object 35 15,7 35 28,26 35 38,18 !
. . 10,15, | 5,34, 11,2, 3,15, 2315, | 15,32,
5 Area of moving object 36,28 29,4 | 13,39 | 40,14 6,3 - 16 19,13 19,32 -
Area of nonmoving 10,15, 2710, | 35,39,
6 object 36,37 2,38 40 i 19,30 38 )
. . 6,35, 1,15, 28,10, | 9,14, 34,39, | 2,13,
7 |Volume of moving object 36,37 | 29,4 139 15,4 6,35,4 - 10,18 10 35 -
Volume of nonmoving 34,28, 9,14, 35, 34,
8 object 24,35 |7,2,35 35040 | 17,15 i 3 |3%0%4 )
9 Speed 6,18, |35,15, (28,33, |8,3,26, | 3,19, : 28,30, | 10,13, | 8,15, }
P 38,40 | 18,34 1,18 14 35,5 36,2 19 35,38
18,21, | 10,35, | 35,10, | 35,10, 35,10, 19,17, | 1,16,
10 Force 11 |40,34 | 21 | 1427 | 122 21 ; 10 | 36,37
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A.3.6 Improve parameters 11-20, degrade parameters 11-20

ISO 16355-5:2017(E)

Parameter o0
o0
degraded ) £ £
® s g 2 > °
2 =3 o >
2 2 3 E g - g 22
= = = = 7]
El e | S| B |Sg|Eg E| E |Bx|is
[ = © = — o o == @ =
= | 2| 2| ¢ |g5|%5| £ | 5 |55 2%
S @ = & = = £ b= 2 8 9
@ a 2 = o = @ 5 E
= S [ 2 = B o £
it a 5 [} 2 = 2
Parameter = a 5 e
to improve /A =
11 12 13 14 15 16 17 18 19 20
11 Tension, pressure 35,4, [35,33, 9,18,3, | 19,3, 35,39, ) 14,24,
P 15,10 2,40 40 27 19,2 10,37
12 Shape 34,15, 33,1, |30,14, | 14,26, 22,14, | 13,15, |2(6:34,
P 10,14 18,4 | 10,40 | 9,25 19,32 | 32 T4
- . 2,35, 22,1, 17,9, |13,27, | 39,3, 35,1, 32,3, 27,4
13 Stability of object 40 | 18,4 15 |10,35 | 3523 | 32 f27,16 | 219 | 201
10,3, (10,30, | 13,17, 27,3, 30,10, 19, 35,
14 Strength 18,40 | 35,40 | 35 26 s | 319 1o 35
15 Durability of moving 19,3, | 14,26, | 13,3, 27,3, < . 19,35, (2,19,4, | 28,6,
object 27 28,25 35 10 Q 39 35 35,18
N
16 Durability of nonmoving 39,3, A 19,18, )
object 35,23 36,40
17 Temperature 35,39, | 14,22, | 1,85; | 10,30, | 19,13, | 19,18, 32,30, | 19,15,
P 19,2 19,32 32 22,40 39 36,40 21,16 3,17
. 32,3, 32,35, 32,1, |32,3%,
18 Brightness 32»30 27 35,19 (2,19,6 19 19 118
12,18
19 Energy spentby moving [\28,31 12,2, | 19,13, |5,19,9, | 28,35, ) 19,24, | 2,15, )
object 25 29 17,24 35 6,18 3,14 19
20 Energy spentby 27,4, 35 19,2, )
nonmoving object 29,18 35,32
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A.3.7 Improve parameters 21-30, degrade parameters 11-20

Parameter o0
-1
degraded 50 £ £
@ ] £ 2 S °
= S g ) 2 > 9
2 2 g E £ @ £ S5
17} w
S| g | S| 5 |Eg || E| ¢ |25
2 & 3 = e | &2 by = =2 | 2=
g = 2 2 2 2 =) o) 52 > 2
S v = & = 2 = = -9 &0 2
7 = 2 = o] ) @ 5 E
= ] g 2 = > = =
< A 5 © 2 =2
Parameter = a 5 e
to improve = =
11 12 13 14 15 16 17 18 19 20
2] Power 2831 29,14, | 35,32, | 26,10, | 19,35, 16 2,14, | 16,6, | 16,6,
35~ | 2,40 | 1531 | 28 | 10,38 17,25 | 19 | 19,37
14,2, 19,38, | 1,13,
2 Waste of energy 39,6 26 7 32,15
3,36, | 29,35, | 2,14, |35,28, | 28,27, | 27,16, | 21,36, 35/18,"] 28,27,
2 Waste of substance 37,10 | 3,5 | 30,40 | 31,40 | 3,18 | 18,38 | 39,31 | "% 13 | a5 | 12,31
24 Loss of Information 10 10 19
. 4,10, | 35,3, | 29,3, | 20,10, | 28,20, | 35/29, | 1,19, |35,38,
2 Waste of Time 37,3641 3417 | 22,5 | 28,18 | 28,18 | 10,164 21:18 | 26,17 | 19,18 1
10,36, 15,2, | 14,35, | 3,35, | 335, | 3,17, 34,29, | 3,35,
2p | Amountofsubstance 143 |31 | 17,40 | 34,10 | 10,40 $031 39 16,18 | 31
10,24, | 35,1 27853, | 34,27, | 3,35 |11,32, |21,11
2 Reliability 35,19 | 16,11 1128 N 95 | 6,40 | 10 13 | 27,10 | 302
Accuracy of 6,28, | 6,28, |32,35 | 28%, | 28,6, |10,26, | 6,19,
2 measurement 32 32 13 32 32 24 28,24 6,1,3213,6,32
29 Accuracy of 3,35 32309018 | 3,27 | 2% 19,26 | 3,32 | 32,2
manufacturing 40 40
3 Harmful factors actingon | 22,2,-|22;1,3, | 35,24, | 18,35, | 22,15, | 17,1, | 22,33, | 1,19, 1,24, 10, 2,
object 37 35 |30,18 | 37,1 |33,28 | 40,33 | 352 |3213 ]| 627 | 2237
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A.3.8 Improve parameters 31-39, degrade parameters 11-20

ISO 16355-5:2017(E)

Parameter o0
= z
degraded © - an g £ -
= 131 = =) > 2
2 2 2 g ® " 2 22
= = = = 7] =
Sl 2 | S| 8 |Eg|Bg| E | E |23l is
& g 3 = | S 3 b= =2 | 5=
g & 2 £ 25| c38 =) ) £2 | 5%
g = a | = g g E | = -
@ a 2 = o QA @ 5 E
= ] - |l B> = =
S & 5 | B &g
Parameter = a = @ =
to improve a =
11 12 13 14 15 16 17 18 19 20
1218
i 28,31 35,40, | 15,35, | 15,22, | 21,39, | 22,35, | 19, 24, 19,23,
31| Harmfulside effects 2718 | 221 | 27,30 | 22,2 |33,31 | 16,22 | 2,24 |39,32 |¥3%° |, 18
o 35,19, | 1,28, | 11,13, |1,3,10, 27,26, | 28,24, | 28,26,
32 Manufacturability 1,37 | 13,27 1 3 27,1,4 | 35,16 18 27.1 Y21 1,4
33 Convenience of use 2,32, | 15,34, | 32,35, | 32,40, |129,3,8, | 1,16, |26,27, | 23,17, | 1,13,
12 | 29,28 | 30 | 3,28 25 25 13 5| 24 24
o 1,13,2, 11,1,2, | 11,29, 15,1, | 15,1,
34 Repairability 13 4 2,35 9 28,27 1 1,10 13 28,16
o 15,37, | 35,30, | 35,3, | 13,1, 27,2,3, | 6,22, | 19,35,
35 Adaptability 35,16 18 14 32,6 35 2,16 35 26,1 | 29,13
. , 19,1, [29,13, | 2,22, | 2,13, |\10)4, 2,17, | 24,17, | 27,2,
36| Complexity of device 35 |2815 | 17,19 | 28 {2815 13 13 | 29,28
. 35,36, | 27,13, | 11,22, 27,3, | 19,29, | 25,34, | 3,27, | 2,24, 19,34,
37| Complexity of control | 7 o) | ) '35" | 39 30} 15,28 | 39,25 | 6,35 |3516 | 26 |38 | 16
. 15,32, 26,2, | 832, | 2,32,
38 Level of automation 13,35 1,13 18,1 25,13 6,9 19 19 13
o 10,37, 14,10, | 35,3, | 29,28, | 35,10, | 20,10, | 35,21, | 26,17, | 35,10,
39 Productivity 14~7| 34,40 | 22,39 | 10,18 | 2,18 | 16,38 | 28,10 | 19,1 | 38,19 1
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A.3.9 Improve parameters 1-10, degrade parameters 21-30

Parameter =
degraded . 8 5 § ED
1)) = =1 [} - oo -
5 | 8| 2| E| 8| B |58 |sE|®
P = @ [= 2= = > E > 2 =
o ) = . — = = S o o8 Lo
2 - = & ) @ = & 2 ] s 2
o e < = o S £ 58 5 & 83
a P 5} - 2 S o) ] S 2 s ©
@ 8 S < = & S 3 SE | &
< 2 > S El < g < =
3 g 17 =) g =
Parameter = S 5 S
to improve =
21 22 23 24 25 26 27 28 29 30
T | Weieht of movine obiect | 12 30 |62 3% |5,35,3, | 10, 2%, | 10,35, | 3,26, |L3,11, | 28,27, | 28,35, | 24, 2%,
8 80b) 18,31 | 19 31 35 |20,28 | 18,31 | 27 |3526 | 2618 | 18,27
2 Weight of nonmoving 15,19, | 18,19, |5,8,13, | 10,15, | 10,20, | 19,6, | 10,28, | 18,26, | 10,1, 2,19,
object 18,15 | 28,15 30 35 35,26 | 18,26 8,3 28 35,17 | 22,37
. . 7,2,35, | 4,29, 15,2, 10,14, | 28,32, | 10,28,)1, 15,
3 | Length of moving object 1,35 39 23,10 1,24 29 29,35 29, 40 4 29467 | 17,24
Length of nonmoving 10, 28, 30, 29, 15,29, | 32428y 2,32,
4 object 12,8 6,28 24,35 24,26, 14 28 3 10 1,18
. . 19,10, | 15,17, | 10,35, 29,30, 26,28, 22,33,
5 Area of moving object 32,18 | 30,26 2,39 30,26 26,4 6,13 29,9 32,3 2,32 28,1
6 Area of nonmoving 17.32 17,7, | 10,14, 3016 10,35, |,2,18, |32,35, |26,28, | 2,29, 27,2,
object ! 30 18,39 ! 4,18 40,4 40,4 32,3 18,36 | 39,35
. . 35,6, | 7,15, | 36,39, 26,34, | 29,30, | 14,1, |26,26, | 25,28, | 22,21,
7 |Volume of moving object | ;"¢ | 1346 | 34,10 | 222 10 7 |40,11 | 28 | 2,16 |27,35
3 Volume of nonmoving 30.6 10, 39 35,16, 353 2,35, 35,10, | 34,39,
object ’ 35,84 3218 ’ 16 25 | 19,27
19,35, | 14,20,.{'10,13, 10,19, | 11,35, | 28,32, | 10,28, | 1,28,
9 Speed 38,2 |19.35 | 28,38 | 1326 29,38 | 27,28 | 1,24 | 32,25 | 3523
19, 35; 8,35, 10,37, | 14,29, | 3,35, | 35,10, | 28,29, | 1,35,
10 Force 18,37 | 15 | 405 36 | 18,36 | 13,21 | 23,24 | 37,36 | 40,18
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A.3.10 Improve parameters 11-20, degrade parameters 21-30

ISO 16355-5:2017(E)

Parameter =
(=]
degraded 8 g aga 0
B S 2| g | B o, |s5|sE|E
) - £ — 7] £ © 9 <3 <
5 = = E = B = > E > 2 P
7] ° [ = 2 QO o Q= 2
2 — = = =) 1z < © = « : o 2
° © & E] o s = 5= 5& )
A 2 ° - a = ) e | 82| &°
@ 8 3 < = [~ S g S E | &
< 2 = ES < g < =
3 g % =] £ =
Parameter = S 5 §
to improve =
21 22 23 24 25 26 27 28 29 30
11 Tension, pressure 10,35, | 2,36, | 10,36, 37,36, | 10,14, | 10,13, | 6,28, 3,35 2242,
P 14 25 3,37 4 36 19,35 25 ’ 37
35,29, 14,10, 10,40, | 28,32, | 32,30,¥22,1,2
12 Shape 4,6,2 14 35 34,17 36,22 16 1 %0 35
- . 32,35, | 14,2, 2,14, 15,32, 35, 24,
13 Stability of object 27,31 39,6 | 30,40 35,27 35 13 18 30,18
10, 26, 35,28, 29,3, |29,10, 3,27, 18, 35,
14 Strength 35,28 | 0 | 31,40 28,10 | 27 ¢|NP3 | 16 | 327 | 371
15 Durability of moving 19,10, 28,27, 10 20,10,7143535, 11,2, 3 3,27, | 22,15,
object 35,38 3,18 28,48 /10,40 13 16,40 | 33,28
16 Durability of nonmoving 16 27,16, 10 28,20, | 3,35, |34,27, | 10,26, 17,1,
object 18,38 10,16 31 6,40 24 40,33
17 Temperature 2,14, | 21,17, | 21,36} 35,28, | 3,17, |19,35, (32,19, | ,, |22,33,
P 17,25 | 35,38 | 29§31 21,18 | 30,39 3,10 24 35,2
. 13,186, 19,1, 11,15,
18 Brightness 32 {6 13,1 1,6 26,17 1,19 32 3,32 15,19
12,18
19 Energy spentby moving | 283%™ | 12,22, | 35,24, 35,38, | 34,23, [ 19,21, 3132 1,35,6
object 37718 | 15,24 18,5 19,18 | 16,18 | 11,27 T 27
20 Energy spent by 28,27, 3,35, |10,36, 10, 2,
nonmovingobject 18,31 31 23 22,37
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A.3.11 Improve parameters 21-30, degrade parameters 21-30
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Parameter =
degraded © = 8 &
s | 2| 2| ¢ | B s 2| £
5 g g E g 2 [sE|sE|%
- ) @ E = o = > E > 5 P
o o =2 — = ) 3] 5
2 - 2 e 1) 2 = - s 9 s L
o ° @ s = = ] =& g=
= o s = g ° T 22| 25| 9o
- o 1z} - O o© 153 = &
7] o) =) « = =3 O o - he
< 2 b = = < ] < g E]
= < 2 = £
Parameter = = E 5
to improve =
21 22 23 24 25 26 27 28 29 30
1 Power
22 Waste of energy
23 Waste of substance
24 Loss of Information
25 Waste of Time
26 Amount of substance
37 Reliability
1s Accuracy of
measurement
Accuracy of
29 .
manufacturing
4o Harmful factors acting on
object
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A.3.12 Improve parameters 31-39, degrade parameters 21-30

Parameter =
degraded _ g £ E En
o 2 £ = @« = ] ] <
‘q-.) 1 B £ = E-) = > g > B w D
5 o e = =2 QO o o8 =
2 — a = © 1z < © = s 32 o 2
o o — = P S = 52 ;‘ = ]
& 3 © - @ ) o o o 2 g ©
- S 2] = [} = S
17} Q © « = =4 O o - =
s i w 3 = < g <
3 < ] =] = £
Parameter = S E £
to improve ;
21 22 23 24 25 26 27 28 29 30
2718
. 2831 | 21,35, | 10,1, | 10,21, 3,24, | 24,2, | 3,33, | 4,17,
31| Harmfulside effects 8 | 2,22 34 20 | Y22 | 391 | 40,39 | 26 |3426
o 27,1, 15,34, | 32,24, | 35,28, | 35,23, 1,35,
32 Manufacturability 12,24 19,35 33 18,16 | 34,4 1,24 12,18 24 )2
33| Convenience of use 35,34, | 2,19, | 28,32, | 4,10, | 428, | . .o |17,27, [2§:13, | 132, | 2.%5,
2,10 13 | 2,24 | 27,22 | 10,34 | 8,40 2,34 | 35,23 | 28,9
- 15,10, | 15,1, | 2,35, 32,1, | 2,28 N 12,10, | 10,2, 35,10,
34 Repairability 32,2 | 32,19 | 34,27 10,25 | 10,25, 1,16 13 | 22101 516
- 19,1, | 18,15, | 15,10, 3,35, | 35,13, |35,5,1, 35,11,
35 Adaptability 29 1 2,13 352N 15 | 824 10 32,B1
. . 20,19, | 10,35, | 35,10, 13,3, | 13,35, | 2,26, | 26,24, | 22,19,
36 | Complexity ofdevice | ;; 5,0 | 135" | 28 29 629 Vo710 | 1 |10,34 | 32 | 29ko
37 | complexitv of control | 181 | 353, | 118313533, 18,28, | 3,27, | 27,40, | 26,24, 22,19,
plexity 16,10 | 15,19 | 1024 | 27,22 | 32,9 | 29,18 | 28,8 | 32,28 29,p8
i 28,2, 35,10, 24,28, 11,27, | 28,26, | 28, 26, |
38 Level of automation 27 23,28 18,5 35,33 35,30 35,13 39 10,34 | 18,23 2,33
- 35,20;7| 28,10, | 28,10, | 13,15, 1,35, | 1,10, | 18,10, | 22,35,
39 Productivity 10 | 29,35 | 3523 | 23 3538 1 10,38 | 34,28 | 32,1 | 13 p4

© IS0 2017 - All rights reserved 93


https://standardsiso.com/api/?name=f50324a69ebda3f2e0fabc70dc657e8a

ISO 16355-5:2017(E)

A.3.13 Improve parameters 1-10, degrade parameters 31-39
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Parameter
degraded ‘E 2 9 é g .E
&= 3 g =y 2 [} g © 2
s | | S| E| £ 2| & | E| %
s E s £ | % S s | 2 g
= S 3 3 = | & | & | 2 2
g g = oy < 3 5 S g
g ] > o~ < =3 = ° &
5 s g £ E 5
Parameter = o S S =
to improve
31 32 33 34 35 36 37 38 39
. . . , 00, , 40, 395,93, 4, ) ) 9,9, 0,50, 0,29, 0,35 39, 3,
1 | Weightofmovingobject | ., 55 | 1 "3¢" |" 94 " | 2811 | 15,8 | 36,34 | 26,32 | 18,19 | 24,37
2 Weight of nonmoving 35,22, 28.1.9 6,13,1, | 2,27, | 19,15, | 1,10, | 25,28, | 2,26, 1,28,
object 1,39 b 32 | 2811 | 29 |2639 17,15 | 35 |1535
, . 1,29, | 15,29, | 1,28, |14,15 | 1,19, | 35,1, |17,24, | {44
3 | Lengthofmovingobject | 17,15 | ;" | 50y 10 | 1,16 | 26,24 | 26,24 | 26,16 \28,29
Length of nonmoving 15,17, 30,14,
4 object 5| 225 3 1,35 | 1,26 26 726
. . 17,2, | 13,1, | 15,17, | 15,13, 14,1, /2,36, | 14,30, | 10,26,
5 | Areaofmovingobject | o'5q | 564 1316 | 10,1 | 130 | 14 ) '26,18 | 28,23 | 34,2
Area of nonmoving 22,1, 1,18, 2,35, 10, 15,
6 object v | 40,16 | 16,4 16 1596 0 e | B3|,
. . 17,2, | 29,1, |15,13, 29,26, | 35,34, |10,6,2,
7 |Volume of moving object 10,1 40 30,12 10 15,29 | 26,1 4 16,24 34
Volume of nonmoving 30,18, 2,17, 35,37,
8 object 354 | °° 1 131 26 10,2
2,24, | 85,13, [32,28, | 34,2, | 15,10, | 10,28, | 3,34,
9 Speed 35,21 8.1 |13,12 | 28,27 | 26 | 434 |27,16 | 1018
10 Force 13,3, 15,37, [1,28,3,| 15,1, | 15,17, | 26,35, |36,37, | , 5. | 3,28,
36,24 | 18,1 25 11 | 18,20 | 10,18 | 10,19 | 35,37
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A.3.14 Improve parameters 11-20, degrade parameters 31-39

Parameter
degraded g 2 9 -E g .‘E
& = b Z = ] g 5 B
° g ° i2 £ 3 S £ S
) > ) = a ) “5 ) =]
= b= 2 g s B = S
n 5 5} = 2 £ =y = =4
— & 1 g = = = — =]
& = g by < b 3 ° e
£ E > [ < 2 = ) )
= s g g E 2
Parameter = S S ] =
to improve
31 32 33 34 35 36 37 38 39
- 7,33, | 1,35, 9, T, | 2,36, T0, 17,
11 Tension, pressure 27,18 16 11 2 35 35 37 35,24 35,37
1,32, | 32,15, 1,15, | 16,29, | 15,13, | 15,1, | 17,26,
12 Shape 851 14728 | 26 |23 290 | 128 | 39 32 (34,10
. . 35,40, 32,35, | 2,35, |35,30, | 2,35, |35,22, 23,35,
13| Stability of object 27,39 | 3%19 | 30 | 10,16 | 34,2 | 22,26 | 39,2303 | 40,3
15,35, | 11,3, |32,40, | 27,11, | 15,3, 2,13 27,3, 29,35,
14 Strength 22,2 | 10,32 | 252 | 3 32 | 252801540 | *° | 10,14
Durability of moving 21,39, 29,10, | 1,35 10,4, | 19,29, 35,17,
1
15 object 16,22 27.1,4 112,27 27 13 29,15 | 39,35 6,10 14,19
Durability of nonmoving 25, 34, 20,10,
16 object 223510 E < 2 6,35 116,38
22,35, 4,10, 2,18, 2,17, 3,27, 26,2, | 15,28,
17 Temperature 2,24 26,27 | 26,27 16 27 16 35,31 | 19,16 35
. 35,19, (19,85, | 28,26, | 15,17, (15,1,1, | 6,32, 2,26, 2,25,
18 Brightness 32,39,( 28,26 | 19 |13,16 | 19 13 | 3215 o 16
12,18
Energy spentby moving { 2831 28,26, 1,15, | 15,17, | 2,29, 12,28,
oo ) 2,2
19 object e 30 19,35 17,28 | 13,16 | 27,28 35,38 3 35
Energy spentby 19,22, 19,35,
1
20 nonmoving object 18 L4 16,25 6
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A.3.15 Improve parameters 21-30, degrade parameters 31-39

Parameter
degraded o ° =
& gl 2| ¢ £ | E
é’ _—El S 'E’ 3’ L) g ‘r"u B’
s | Tl s | E|E | S| s | E| %
= E S g 5 N ° £ E
2 S 3 s = ‘E b=y & 2
2 E g g | = g 3 S £
g ] > 7 < =% o ° ~
5 s g £ £ 3
Parameter = [} S S =
to improve
31 32 33 34 35 36 37 38 39
12,18
-~ F— 2831 [ 26,10, 126,35, [ 352 19,17, 20,19, [ 19,35 [ 28,2 [ 25,35,
18 34 10 | 10,34 | 34 |30,34| 16 17 34
21,35, 35,32, 35,3, 28, 10,
22 Waste of energy 2,22 1 2,19 7,23 15,23 2 29,35
10,1, | 15,34, 32,28, | 2,35, |15,10, | 35,10, | 35,18, | 35,10, | 2835,
23| Wasteofsubstance 34,29 | 33 | 2,24 3427 | 2 |2824]1013 | 18 (1023
24 Loss of Information 10221' 32 27,22 35,33 35 13'1?”
) 35,22, | 35,28, | 4,28, | 32,1, 18,28, | 24,28,
25 Waste of Time 18,39 | 344 | 10,34 | 10 | 228 | 6293510 | 35,30
3,35 | 29,1, |3529, | 2,32, | 15,3, { 383, | 3,27, 13,29,
26 | Amountofsubstance |, '3g | 3557 | 5510 | 10,25 | 20 27,10 | 29,18 | &3° | 327
- 35,2, 27,17, 1935, | 13,35, | 27,40, | 11,13, | 1,35,
27 Reliability 40,26 a0 | PIBNE 24 1 28 27 | 29,38
28 Accuracy of 3,33, | 6,35 | 1,13, 0532, | 13,35 |27,35, | 26,24, | 28,2, | 10,34,
measurement 39,10 | 25,18 | 17,34~} 13,11 2 | 10,34 | 32,28 | 10,34 | 28,32
29 Accuracy of 4,17, 1,32, 25,10 26,2, 26,28, | 10,18,
manufacturing 34,26 35,23 ’ 18 18,23 | 32,39
30 Harmful factors acting on 24,35, | 2,25, |35,10, | 35,11, | 22,19, | 22,19, | 33,3, | 22,35,
object 2 |2839| 2 |2231]2940 (2940 | 34 |1324
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A.3.16 Improve parameters 31-39, degrade parameters 31-39
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Parameter
degraded o S
& gl 2| % £ £ | E
g E [ é’ B’ ) E < B‘
s | B s | 2| RS s | | 2
2 g g g 3 5 ° £ 2
= s 2 s 2 = ) S 3
£ E g S| = g 8 5 2
E g > & < o a. i %
G} = g E E ®
S
Parameter = o S S =
to improve
31 32 33 34 35 36 37 38 39
31 Harmful side effects 2 6\;3
- 35,1,
32 Manufacturability 10,28
33 Convenience of use 152'81’
34 Repairability 1,32,
10
- 35,28,
35 Adaptability 6,37
36 Complexity of device 1Zéé7’
37 | Complexity of control 35,18
. 5,12,
38 Level of automation 35,26
] A
39 Productivity @
C)O
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A.4 TRIZ 40 classical inventive principles

1) Segmentation 14) Spheroidality 28) Replacement of a mechanical

2) Extraction 15) Dynamicity system

3) Local quality 16) Partial or overdone action 29) Pneumatic or hydraulic construction,
4) Asymmetry 17) Moving to a new dimension 30) Flexible membranes or thin film

5) Combining 18) Mechanical vibration 3H—Yseof porousmateriat

6) Universality 19) Periodic action 32) Changing the colour

7) Nesting 20) Continuity of a useful action 33) Homogeneity

8) Countefweight 21) Rushing through 34) Rejecting and regenerating parts

35) Transformation ofthe physical arjd

Pri . 22 h i fi _ (
7). Prior cpunter ) Convert harm into benefit chemical states'of'an object

action 23) Feedback
24) Mediator
25) Self-service
26) Copying

10) Prior aftion 36) Phase transfermation

11) Cushiop in advance 37) Thermalexpansion

12) Equipdtentiality 38) Use-strong oxidizers

13) Inversion 39) .Inert environment
27) Inexpensive, short-lived

object 40J“Composite materials
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Annex B

(informative)

ISO 16355-5:2017(E)

Cross-reference between ISO 16355 and JIS Q 9025:2003(e)

B 1_Overvier
« I— e EETN

The purpose of this annex is to supplement ISO 16355-5 by referencing the Japanese
JIS Q 9025:2003, the first standard on QFD. JIS Q 9025:2003 is helpful for understandir

congept.

NOTE 1

The Japanese Standards Association (JSA) published and translated inté>English the fir

on QFD titled JIS Q 9025:2003 “Performance improvement of management systefns — Guidelines
fun¢tion deployment.”

NOTE 2

flowcharts are referenced.

This cross-reference includes both directions of ISO-JIS and\JIS-ISO. Also, relevant

B.Z ISO 16355 (all parts) to JIS Q 9025:2003(e) cross reference

e standard
g the QFD

st standard
for quality

tables and

ISO 16355-1:2015

JIS Q 9025:2003

( Introduction 0 Introduction

@ Introduction 0.1 General

1 Scope 1 Scope

y. Normative references 2 Normative reference

3 Terms and definitions 3 Terms and definitions

3 Terms and definitions 3.1 Terms related to quality fundtion de-

ployment

3 Terms anddefinitions 3.2 Terms related to quality

31 Quality)function deployment 3.1.6 Quality function deployment|(QFD)
(QFD)

3.2 Voice of the customer 3.1.12  Voice of the customer

33 Customer need 3.1.13  Required quality

4 Basic concepts of QFD 4 Basic concepts

41 Theory and principles of QFD 41 General

4.1 Theory and principles of QFD 4.3 Principles of quality function deploy-

ment

4.1 Theory and principles of QFD 7.1 Application guide, Objective

4.1¢) Listen to the voice of the custom- |4.2 a) Customer focus
er

41f1) Improve internal communica- 3.11 Transformation
tions through transformation

4.2 QFD use of the word function 3.1.11  Job function deployment

5 Integration of QFD and product |0.4 Compatibility with other manage-
development methods ment systems

5 Integration of QFD and product |9 Related methods

development methods
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5.1 QFD support for product devel- [4.2 Quality function deployment in quality
opment methods management
5.1 QFD support for product devel- |9.1 Related methods, General
opment methods
5.2 Organization of the QFD flow 4.2 ¢€) Secure quality assurance
6 Types of QFD projects 4.2d) Development management
6.1 Types of QFD projects, General |7 Application guide
6.1 Types of QFD projects, General |7.2 Frame corresponding to objective
6.1 f) Pocunrentand preserve nar ket—83 Qudlity fumction dcplu_y et using
and technical knowledge information technology
7 QFD team membership 4.2 b) Participation of people
7 QFD team membership 8.2 Formation of the team
8 QFD voices 8 Introduction and appli¢ation to organ-
izations
8.1 Voice of business 8.1 Introduction of guality function de-
ployment
8.29 Sources of VOC and VOS 9.2 a) Questionnaire survey
9 Structuring information sets 3.1.3 Deployrent table
9 Structuring information sets 4.3d) PrinCiple of consolidation and break}
down
12 Translation of one information |4.3 €) Principle of transformation
set into another
121 Translation of one information |3.12 Deployment
set into another, General
12 Translation of one information. (){4.3 c) Principle of multi-dimensional develop-
set into another ment and visualization
13.1 Transfer of prioritization 3.1.4 Matrix
13.1 Transfer of prioritization 3.1.5 Correlation strength
13.5 Transferring deployment sets by |4.2 f) Multilateral evaluation
dimensions
13.5.2 Quality deployment 3.1.7 Quality deployment
13.5.3 Quality deployment, Applicable [9.2 Relevant methods in quality deploymnient
tools andmethods
13.5.4 Technology deployment 3.1.8 Engineering deployment
13.5.5 Technology deployment, Applica- [9.3 Relevant methods in engineering de}
ble tools and methods ployment
13.5.6 Cost deployment 3.19 Cost deployment
13.5.7 Technology deployment, Applica-|9.4 Relevant methods in cost deployment
ble tools and methods
13.5.8 Reliability deployment 3.1.10  Reliability deployment
13.59 a) Fault tree analysis 9.5a) FTA
13.59b) Failure mode and effects analysis|9.5 b) FMEA
13.59 Reliability deployment, Applica- [9.5 Relevant methods in reliability de-
ble tools and methods ployment
13.5.5¢€) Reviewed dendrogram 9.3 b) Reviewed dendrogram
13.5.5f) Super Pugh concept selection 9.3 a) Comparison or proposals
with AHP
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13.6 Transferring deployment sets 4.3 a) Principle of deployment
by levels
15 Design optimization 9.2 c) Quality engineering
16 Prototyping, testing, and valida- 9.2 b) Test planning method
tion
16.2 g) Prototyping, testing, and val- 9.5¢) Design review
idation, Applicable tools and
methods
Bibliography  Reference [127] to [131] 0.2 Consistency with other standards
Reference [35] 7 Product planning tools 9.2d) Product planning method
1SQ| 16355-2:2017
D.1.2.7.2 Balanced scorecard 9.4 b) Balanced scorecard
1SQ| 16355-4:2017
D.1.3 Information contained in VOC 8.4 Information cenfiguration
and VOS
D.1.3.2 Cost 8.47) Cost
D.1.3.3 Customer needs 3.1.13  required quality
D.1.3.3 Customer needs 8.4 a) Voice of the consumer
D.1.3.4 Functional requirements 8.4b) Engineering characteristics
D.1.3.5 Function 8.4 ¢) Product function
D.1.3.6 Technology 84 h) Technology
D.1.3.7 Reliability or failure mode 8.4k) Failure mode
D.1.3.8 Subsystem or component 8.4 ¢€) Parts and components
D.1.3.8 Subsystem or component 8.4f) Mechanisms
D.1.3.9 Material 8.4d) Materials used
D.1.3.11 Process 8.4 n) Job functions
D.1.3.13 Manufacturing-or build methods 8.4 1) Manufacturing methods
D.1.3.14 Measurement'methods 8.4m) Measurement method
D.1.3.15 Quality 8.4 0) Assurance items
D.2 Translating VOC and VOS into 5.4.1b) Transformation into required quality
customer needs
D.2.3 Cause-to-effect diagram 4.3 b) Principle of segmentation anfl integra-
tion
D.2.5 Sources of VOC or VOS 5.4.1a) Gathering “voice of the customer”
10 Structuring information sets 5.4.1c) Creation of required quality ¢leploy-
ment table
03 Hierarchy diagram 5.2T Deployment table
10.3.1 Hierarchy diagram, General 3.2.1 Required quality deployment table
10.3.2 Steps to make hierarchy diagram |[Annex 1 Create required quality deployment
3a) table
11 Prioritization 5.4.1d) Calculation of order of importance in
required quality
12.2 Quality planning table 3.24 Quality of planning
12.2 Quality planning table 5.3d)  Quality planning table
12.2 Quality planning table (QPT) 541 Required quality and quality of plan-
ning
12.2 ¢) Competition clause 3.2.6 Ratio of level improvement
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