10 Design for Quality

10.1 Applying a Systematic Approach

Nowadays product quality is defined in a much broader sense than it used to be.
Apart from fulfilling the required technical functions, careful attention has to be
paid to the requirements of safety, use, ergonomics, recycling and disposal [10.4],
as well as production and operating costs (see Section 2.1.7, Figures 2.15 and 7.2).
It is important to recognise that poor product quality can result from shortcomings
in design as well as in production.

Achieving product quality appropriate for the market starts with the design
process [10.2,10.19]. Quality cannot be achieved simply though testing and im-
proving a product—it has to be built in from the beginning of the design process
and maintained throughout the production process. Just as design commits a large
proportion of a product’s costs (see Chapter 11), up to 80% of all faults can be traced
back to insufficient planning, design and development [10.26]. Furthermore, up
to 60% of all breakdowns that occur within the warranty period are caused by
incorrect or incomplete product development.

Ensuring quality and improving quality are team activities. These activities have
to address all aspects of product development, starting with product planning and
marketing. Quality is influenced decisively during design and development, and
has to realised during production. The basis for quality procedures and terminol-
ogy is the international standard DIN ISO 9000-9004 [10.12-10.16].

The systematic approach along with the selection and evaluation methods de-
scribed in this book support quality assurance in product design and develop-
ment [10.2,10.3,10.33].

Introducing the steps of the systematic approach into the overall product cre-
ation process, with its project management and project teams, supports a holistic
approach to product quality (see Section 4.3). The process chain shown in Fig-
ure 4.5 presents an integrated product creation process with overlapping phases
undertaken by project-specific teams made up of specialists recruited from the
areas shown and from supplier organisations. This brings together expert knowl-
edge, ensures continuous consideration of customer requirements and, in par-
ticular, provides short and direct information transfer paths. The latter ensure
an iterative and continuous coordination of the design activity. Interdisciplinary
project-specific teams also guarantee balanced assessments and decision making,
both of which are important prerequisites for achieving high quality.
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Ofthe basicrules, principles and guidelines of embodiment design, the following
contribute directly to quality assurance.

Clear and simple solutions help the reliable prediction of the effects of working
principles and the behaviour of construction structures, thereby reducing the risks
from unintended disturbing factors (see Sections 7.3.1 and 7.3.2).

The principles of direct safety (safe-life, fail-safe, redundancy) and of indirect
safety (safety systems, safety devices) provide important opportunities to achieve
durability, reliability, accident prevention and environmental protection (see Sec-
tion 7.3.3).

Fault free design supports failure reduction through design measures such as
compensating for disturbing factors (principle of balanced forces), selecting work-
ing principles and working structures in which the properties are largely indepen-
dent of the disturbing factors (principle of division of tasks, see Section 7.4.2),
and choosing interfacing elements that do not require close tolerances (see Sec-
tion 7.4.5).

Force transmission between parts often results in mismatched deformations
(differences in magnitudes and directions) causing additional stresses. These can
be avoided by applying the principle of matched deformations, i.e. force directions
and geometries are determined such that the interfacing surfaces deform in the
same directions and with the same magnitudes, thus ensuring a uniform load
transmission (see Section 7.4.1).

The principle of stability ensures that when a system or component is subjected
to disturbing factors, the effects of these are compensated for or reduced (see
Section 7.4.4).

The principle of self-help attempts to utilise the operating and disturbing effects
to support the main function. It can also produce a self-protecting solution that
compensates for excess stresses or alters the load paths when overloading occurs
(see Section 7.4.3).

Design to allow for expansion and creep means that thermal and load related
expansions of parts, with or without the effects of time, are reduced by the ap-
propriate selection of materials or allowed for by suitable guides. These measures
ensure that there are no residual stresses, no jamming and no other disturbances
to the operation (see Sections 7.5.2 and 7.5.3).

Design against corrosion and to minimise wear attempts to avoid or minimise
corrosion and wear—or at least make them safe for operation—by preventing
the causes (primary measures); or by selecting appropriate materials, by apply-
ing surface finishes, and by specifying simple maintenance measures (secondary
measures) (see Sections 7.5.4 and 7.5.5).

Careful design for production and assembly not only reduces production costs
and times but also provides an essential basis for quality assurance. Production and
assembly are the areas on which quality methods and measures have traditionally
focused (see Sections 7.5.8 and 7.5.9).

Design for minimum risk attempts to anticipate possible future problems, due
to either gaps in knowledge or unforeseen disturbing factors, in such a way that
should such problems arise during testing, they can be dealt with easily using
simple additional measures (see Section 7.5.12).
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Design to standards strongly supports quality assurance, because the application
of standards ensures the use of proven technology and procedures, supports main-
tenance, and introduces internationally agreed quality features (see Section 7.5.13).

When considering product quality in its broadest sense, embodiment design
guidelines such as design for ergonomics, design for aesthetics and design for recy-
cling, are also important (see Sections 7.5.6, 7.5.7 and 7.5.11).

By rigorously applying systematic design methods, product quality is positively
influenced, with hardly any additional costs, through: the avoidance of failures
and disturbing factors; the provision of simple and clear working and construc-
tion structures; and the unambiguous realisation of the desired product prop-
erties. Such primary measures are to be preferred over extensive analysis and
testing.

In addition to these design methods, a range of systematic tools support quality.
The requirements list, for example, ensures that none of the essential demands and
wishes are overlooked. This list is therefore of particular importance for quality
assurance (see Section 5.2). For a preliminary selection of solutions, a selection
chart is available (see Section 3.3.1), for a more detailed assessment and for iden-
tification of weak spots, Cost-Benefit Analysis or a similar procedure can be used
(see Section 3.3.2). Fault tree analysis can be used to assess the effects of disturbing
factors and possible failures (see Section 10.3).

Procedures and computer-based tools have been developed to help designers
analyse and define tolerances that maximise the quality and minimise the cost of
complex parts and assemblies (see Section 7.5.8 and [10.29]).

Computer-supported reliability analyses are used to predict component and
machine lives and the likelihood of failures, thus supporting quality improve-
ment [10.5,10.24].

Computer-based optimisation procedures are important for optimising technical
systems to meet complex sets of objectives and constraints.

To analyse the stresses and deformations of structures under mechanical and
thermal loads in order to optimise them for safety, material utilisation and other
characteristics, the Finite Element Method (FEM) has been widely introduced.
FEM and all analytical procedures to verify calculations and define preliminary
embodiments support quality assurance.

Despite the possibilities that systematic design offers designers to improve qual-
ity, companies have introduced additional quality management procedures. Total
Quality Management (TQM) and Total Quality Control (TQC) represent a quality
philosophy that engages all those involved in the product creation process in a con-
tinuous and holistic quality engineering process [10.20-10.22,10.25-10.27]. TQM is
foremost an organisational management instrument focusing on the following ar-
eas of operation: quality aware management, staff development, customer relations
management, supplier integration, responsibility to society, process-orientated or-
ganisation structures, quality-directed auditing, and goal planning that encourage
quality [10.25]. TQM also provides individual methods that complement the sys-
tematic design approach.
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First of these is Failure Modes and Effects Analysis (FMEA), which is used to
analyse possible failures and the risks involved in a more extensive way than can
be done with Fault-Tree Analysis. Because of its importance, FMEA is discussed
separately (see Section 10.4).

A further method is Quality Function Deployment (QFD), which is used to
translate the often vague customer requirements into ones that are clearly formu-
lated, and where possible quantified, and that are related to the different company
departments [10.3,10.9, 10.10, 10.17, 10.23, 10.25]. QFD thus helps to refine and
complete the requirements list, making it an important part of a systematic prod-
uct planning process. Because of its importance in industrial practice the method
is described in more detail in Section 10.5.

Another systematic approach is the design review, which is a team-based ac-
tivity used at the end of the various design phases to check results and assess
progress [10.33]. These checks and assessments are also used to estimate and
reduce risks.

Figure 10.1 summarises the main product- and process-related failures that can
occur along with some of the essential measures that can be used to mitigate them.

It can be concluded that the systematic approach proposed in this book contains
all the fundamentals for applying quality engineering. The special methods of TQM
should be seen as complementary to this systematic approach and not the other
way round [10.6,10.8,10.18,10.33]. If the search for suitable principle solutions
has not been undertaken rigorously and if the appropriate rules, principles and

Product-related failures Possible mitigating measures
Geometry
- Space problems -3D modelling
- Faulty interface configuration - Design reviews [10.33]
- Statistical tolerancing [10.33]
Function
- Inadequate or deficient function fulfilment - Fault-Tree Analysis (see 10.3)
- Inadequate breakdown behaviour - Failure Mode and Effect Analysis (FMEA) (see 10.4)
- Interfacing problems - Quality Function Deployment (QFD) (see 10.5)
-1S0 9001 (Validation) [10.5]
Layout
- Kinematic problems - Experiments
- Strength problems - Field tests
- Simulations
- Finite Element Method (FEM)
- Multi-Body Simulation (MBS)
Process-related failures
- Inadequate document management -1S0 9001 [10.5]
- Inadequate configuration management - Engineering Data Management System (EDMS)
- Inadequate variant management - Product Data Management (PDM)
- Inadequate change management - Digital archive
- Inadequate version management

Figure 10.1. Possible failures of design and development with measures to mitigate them
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embodiment guidelines have not been applied to their full extent, the methods of
TQM will not be able to rectify these fundamental deficiencies.

10.2 Faults and Disturbing Factors

The design process involves a series of creative and corrective steps. Selection
and evaluation methods (see Section 3.3) as well as tests and calculations help to
identify and remove weak spots. Even so designers can make mistakes, or their
knowledge may not be sufficient to identify or exclude links that are faulty or
prone to disturbances. When designers are aware of the information they lack and
the uncertainty in their decisions, they can avoid severe technical and economic
consequences by designing to minimise risk (see Section 7.5.12).

Often malfunctions are not caused by design faults but by disturbing factors.
According to Rodenacker [10.28] disturbing factors can be caused by variations in
the input variables, that is, by quality differences in the material, energy and signal
flows entering the system (see Figure 2.14). When these influence the output of
a system adversely, it may be necessary to compensate for them by modifying the
type of solution, e.g. through a control system. The basis for this is determined by
the selected working principles and the way they are combined. One should always
aim for a robust concept, in which the outputs are independent of the quality of the
inputs. The efficiency of a friction wheel drive, for example, strongly depends on
the quality of the friction surfaces, which can have a negative effect on the quality
of the overall product.

Disturbing factors can be identified in the function structure when the alloca-
tion and connection of the subfunctions lack clarity. They show up in the working
principle when the selected physical effects do not produce the expected results.
Because of variations in material properties along with shape, position and surface
deviations introduced during production and assembly, the selected embodiment
can result in unexpected effects. Finally, external disturbing factors such as temper-
ature, humidity, dust, vibration, etc. can cause effects that should not be neglected.
It may therefore be necessary to suppress the effects of disturbing factors to avoid
the danger of fault propagation.

Preventative measures can reduce the malfunctions caused by disturbing factors
but cannot exclude them altogether. Examples of measures include the principles
of fault-free design (see Section 7.4.5 and [10.30]) and the other embodiment
principles (see Section 7.4) and guidelines (see Section 7.5).

Extensive suggestions to achieve improved precision in machines are given by
Spur [10.29]. He defines a machine as a “precision system” that is determined by
the precision of: the material properties; the component geometry; the assembly
geometry; the machine motions; the control system; along with its precision during
operation.

Important prerequisites to prevent faults and disturbing factors, or at least limit
their effects, are the identification and estimation of possible faults and disturbing
factors as early as possible in the product development process. The following
sections describe some established methods.
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10.3 Fault-Tree Analysis

The influence of faults and disturbing factors can be determined systematically by
Fault-Tree Analysis [10.11]. The Fault-Tree Analysis uses Boolean algebra to make
an estimate of faults, their consequences and causes in safety critical systems. This
method is based on causality, i.e. every event has to have at least one cause. An
event (disturbance) only occurs when its cause arises.

From the conceptual phase, designers know what overall function and individual
subfunctions have to be fulfilled. The established function structures can thus be
used to identify all the functions to be checked. These functions are then negated
one by one, that is, assumed to be unfulfilled. By reference to the checklist (see
Section 7.2), designers can seek out the possible causes of these potential faults or
disturbances. The OR or AND relationships of these causes and their effects can
then be examined.

The conclusions help designers improve their designs and, if necessary, re-
examine the solution concept or modify production, assembly, transport, opera-
tion and maintenance procedures. Let us take a concrete example.

The design of a safety blow-off valve for a gas container (see Figure 10.2) must
be checked for possible design faults during the conceptual phase. From the re-
quirements list and the function structure, it is possible to specify the operating
conditions depicted in Figure 10.3. The blow-off valve is intended to open when
the operating pressure p,, exceeds 1.1 times the nominal working pressure p,om,
and to close again when the container is under nominal pressure. The main func-
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Figure 10.2. Safety blow-off valve for a gas container
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tions are therefore “open valve” and “close valve”. The overall function can also
be described as “limit pressure”. Let us now assume a possible failure of the over-
all function, namely “valve does not limit pressure” (see Figure 10.4). The valve
functions shown in Figure 10.3 and their timing are negated. Each has an OR rela-
tionship with the overall function. Each fault thus identified is next investigated in
terms of its possible causes. The fault we have chosen to investigate in more detail
is “does not open” (see Figure 10.5).

\ pcont - -~
.,
Pop=11Pnom - 4~ Il
Prom,/ <~ B
0'9pnom
§ ‘
time
excess
Operating condition normal pressure normal
Valve function —  closed < open > I closed —
opens closes
| reduces |
Faults —  leakage = pressure f leakage —
l too slowly l
L
opens | opens closes | closes
toosoon | too late too soon ¢ too late
does not does not
open close

Figure 10.3. Operating conditions, valve main functions and faults of the safety valve
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Figure 10.4. Construction of fault-tree based on faults identified from Figure 10.3
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limit pressure
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An identified cause may be associated with further causes with which it has an
OR or an AND relationship, and these may have to be scrutinised accordingly.

Figure 10.6 shows a selection of further causes of malfunctions and some of the
remedies identified at this stage. Often these cannot be clarified in more detail
until the embodiment phase. Grouping the remedial measures according to the

wrong setting

valve the wrong
way round _E:

Do 00 great

pressure sensor
blocked

foreign body
spindle jams [+1]

Figure 10.5. Detail from completed fault-tree (Figure 10.4) for the fault “does not open”

does not open

Valve does not open

J [ ] l
wrong valve the wrong . spindle
; iced up Wrong pressures "
setting way round jams
>1 21 >1 21
Pressure unknown Improper connecting Missing icing False indication of Fretting caused by
" flange protection pressure range unsuitable material
14 ; ’
4 Unsuitable spring Defective icing " . Corrosion caused by
I} Incorrectly calculated Incorrect assembly protection Additional resistances unsuitable material
spring instructions exist Wrong fits
Incorrec.ﬂy measured Fits changed
preloading through creep
Playin
components
A, FTest after fixing D, A Clear marking DTemperature sensor D Incorporate measuring F Check material
the setting D,0 Monitoring switch facilities AF Checkfits
0 Redundant pressure D Suitable materials
control 0 Check operational
temperature

Figure 10.6. Causes of and remedies of malfunctions, after Figure 10.5: D = design; P = production; A = assembly;
0 = operation (use and maintenance); F = formal procedure required
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departments involved simplifies their execution. On the basis of the information
gained from a fault-tree analysis, designers are able to improve and complete the
requirements list (see Figure 10.7) before they proceed to the embodiment phase.
As a result, the design will be greatly improved and potential faults avoided.

The second example concerns the embodiment phase. A packing ring shaft seal is
used to prevent the leakage of pressurised cooling air in a generator connected to
a turbine (see Figure 10.8). This large diameter seal interfaces with a sleeve that
acts as a thermal barrier. The seal has to withstand a pressure difference of 1.5 bar.
Possible malfunctions of this assembly have to be analysed.

The overall function is “prevent leakage of cooling air”. At the beginning of the
investigation, it is useful to clarify the subfunctions that have to be fulfilled by
the various parts. When no function structure has been established, one can use
a table such as the one shown in Figure 10.9. For the “prevent leakage” function
the following subfunctions are essential:

Requirements List Tstissue 1/9/73
for Safety blow-off valve Page 1
Changes ﬁv No. | Requirements” Responsible
1.9.73 22| Valve head with plane sealing surface (valve without taper)

" 23| Norigid joint between valve head and spindle

" 24|  Easy maintenance or exchange of sealing surfaces
" 25| Valve lift limited

" 26| Damping of valve movement

" W 27 Installation in a closed, ice-proof area

" 28| Nosliding seals, avoid friction

" 29|  Ensure foolproof mounting (e.g. different flange sizes for inlet and outlet)

:\:5W§

x)  Requirements were revised after construction of
fault-tree

szplaces issue of L

Figure 10.7. Revision of requirements list after fault-tree analysis
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e generate compression force
o seal yet allow sliding

e remove frictional heat.

Next these subfunctions are negated and, at the same time, possible causes of
malfunctions are sought (see Figure 10.10).

The results of the Fault-Tree Analysis point, first of all, to a malfunctioning of the
thermal barrier 2 caused by unstable heat patterns (see Section 7.4.4). The frictional
heat generated at the sliding interface can only flow away through the barrier into
the shaft. This causes the barrier sleeve to heat up and expand. This increases
the friction and at a certain temperature the barrier sleeve lifts off the shaft. This
results in additional air leakage and damage to the shaft surface caused by the
barrier sleeve slipping on the shaft. This layout is bad and the design principle
needs improving. Either the barrier should be removed and the seal connected to
the shaft so it rotates with the shaft (removal of heat through the housing 5) or
a sliding ring seal with radial sealing surfaces should be used.

Further necessary design measures:

e The connection of housing 5 to frame 6 is insufficient and the housing can start
rotating with the shaft due to the pre-loading of the packing ring seals against
the shaft. The compression force from the pressure difference is too low for the
O-ring seal 7 to transfer the moment through a frictional connection. Remedy:
reposition seal 7 towards the outer diameter of housing 5; even better would be
an additional form-fit connection to transfer the moment.

=t
I+

— 1200

— 0920 ——w|
3

— 989

Figure 10.8. Packing ring shaft seal in a generator
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Nos. Components Functions

1 Shaft Transmit torque, carry sleeve, dissipate frictional heat

2,2a Sleeve (barrier) Provide rotation and seal surface, protect shaft, dissipate frictional heat

3 Packing rings Seal medium yet allow sliding, carry compression force and provide
sealing pressure

4 Scraper ring Protect against splashed oil

5 Gland housing Carry packing rings, carry and transmit compression force

6 Frame Carry components 4 and 5

7 0-ring Seal p, from py

8 Tension spring Generate compression force

9 Spring support Transmit spring force

10 Transfer ring Transmit compression force, carry tension spring

11 Bolt Preload springs and adjust loading

Figure 10.9. Analysis of the components in Figure 10.8. to identify their functions

e With the current layout, the loading of springs 8 cannot be adjusted. Remedy:
include sufficient space.

e For reasons of safety and simplicity, it is advantageous to use a compression
rather than a tension spring.

Basically, designers should not only include design measures to improve the em-
bodiment, but also measures to improve production, assembly and operation (use
and maintenance) procedures, where these seem necessary. In certain cases it
might be necessary to enforce specific test procedures (see Figure 10.10).

In summary, the following procedure should be followed to identify and rectify
faults and disturbing factors:

o Identify and negate functions.

e Search for causes of possible malfunctions from: a function structure that lacks
clarity; a less than ideal working principle; a less than ideal embodiment; less
than ideal materials; and less than ideal inputs caused by variations in the
material, energy and signal flows. In line with the guidelines given for the
embodiment design phase, further influences that might cause undesired system
behaviours should be sought in the following areas: loading, shape changes,
stability, resonance, wear, corrosion, sealing, safety, ergonomics, production,
quality control, assembly, transport, operation and maintenance.

e Determine the prerequisites for malfunctions to occur, e.g. through OR and
AND relationships.

e Introduce suitable design measures by choosing another solution or making
improvements to the existing solution. Quality control measures during produc-
tion, assembly, transport, operation and maintenance can also be introduced.
Preference, however, should always be given to the removal of a cause through
an improved solution.
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It has to be noted that because of the effort required to complete a full Fault-Tree
Analysis, this method is usually limited to important areas and critical processes.
It is desirable that designers incorporate this way of thinking into their normal
work patterns so that they can apply it almost unconsciously.

10.4 Failure Mode and Effect Analysis (FMEA)

FMEA is a formalised analytical method for the systematic identification of possible
failures and the estimation of the related risks (effects) [10.19, 10.26, 10.32]. The
main goal is to limit or avoid risk. An FMEA involves a direct analysis of failures
and their consequences and causes. This means that only direct relationships
between causes and consequences are identified. This method is usually applied
during the development of new products. A distinction is made between a design
or development FMEA and a process or production FMEA. The design FMEA is
used to verify whether the functions set out in the requirements list are fulfilled.
The process FMEA is used to verify whether the planned production process can
produce the required product characteristics.

Figure 10.11 shows an FMEA chart with an example in which possible failures
are listed together with their consequences, causes, risk numbers (RN), proposed
test measures, and suggested and applied remedial measures. The chart also shows
the following steps of FMEA:

1. Risk analysis of each component (or process step) regarding:
e potential failures (failure types)

failure consequences

failure causes

planned measures to avoid failures

planned measures to detect failures.

2. Risk assessment:
e estimation of the probability of occurrence

e estimation of the effects of the failure on the customer

e estimation of the probability that the failure can be detected before deliv-
ery (a high probability of detection implies a small risk and thus a small
numerical value).

3. Risk number calculation: (RN) > 125 is considered critical.

4. Risk minimisation: development of measures to improve the design of the
product (or its production process).

The assessment of risk using risk numbers is important. They provide estimates of:
the probability of occurrence; the severity of failure; and the difficulty of detection.
The latter requires an experienced assessment team to maximise the probability
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of detecting a failure. FMEA is qualitative in nature and is a method for evaluat-
ing quality. Staff from design, development, production planning, quality control,
purchasing, sales and customer service should be included in an FMEA team, for
the same reasons as for their inclusion in a Value Analysis team (see Section 1.2.3).
Apart from evaluating possible malfunctions caused by failures and disturbing
factors, FMEA encourages early cooperation between the various departments in-
volved in product development. Fault-Tree Analysis is intended to assist designers
alone, whereas FMEA also functions as a means of handing over to production
and supporting the overall quality assurance process.

After a period of use, the information in the FMEA records and analyses of the
FMEA charts provide valuable insights into successful quality measures that can
be used in subsequent products.

For the production process, an additional process FMEA is carried out using
the same charts. This evaluation of the production processes, however, is often
contained indirectly in the design FMEA, because production issues should already
have been taken into account during the design process.

10.5 Quality Function Deployment (QFD)

Quality Function Deployment (QFD) is a methodology for quality planning and
quality assurance [10.1, 10.9, 10.10, 10.17, 10.20-10.22, 10.25, 10.31]. It supports
a systematic customer orientation of product and process planning. The cus-
tomer requirements are translated into technical requirements. These in turn are
translated into organisational processes and production requirements. The main
question is whether all the functions required by the customer can be realised.

The QFD methodology is a four-step procedure as shown in Figure 10.12. Similar
to FMEA (see 10.4), QFD also assists with the integration of the main activities in
the product creation process.

The main working chart of QFD is the so-called “House of Quality”. An example
of this chart for the manual winding device shown in Figure 10.13 is provided in Fig-
ure 10.14. The chart documents clearly the translation of customer requirements
(referred to as the “what”), which are often vaguely formulated, into technical re-
quirements (also referred to as target requirements or the “how”) of the product to
be developed. The roof of the house shows if the technical requirements interrelate
with each other and the strength of any interrelationship. The matrix in the mid-
dle of the chart shows the interrelationship between the customer requirements
and the technical requirements. Weighting factors can be added to the customer
requirements, as well as an estimation of competing products from the point of
view of the customer. Underneath the central matrix, target values for the technical
requirements are plotted along with a technical assessment of competing products
(benchmark). At the very bottom the weighted values (priorities) of the technical
requirements are listed.

This basic scheme can also be applied to the subsequent phases of the product
creation process. The “how” of one House of Quality becomes the “what” of the
following one [10.6,10.10].
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Step | Il 1l v
Product Product Process Production
planning development planning planning
Technical Process and Production

| requirements | Products test planning requirements
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Customer
requirements

I

Production
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- Market research

- Market segmentation
-Trend analysis

-etc.

(Drawn
rotated)

-Value creation
-Value enhancement
- Systematic design

Additional methods

- FMEA (process)
- Design for production
- Design for assembly

- FMEA (product) -Test planning
- Make or buy -etc.
-etc.

Figure 10.12. QFD as an integration tool

- Industral engineering

- Throughput time models

- Logistics

- Production set-up strategy
-Test instructions

-etc.

Figure 10.13. Rough layout of a manual winding device for perforated strip
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Interrelationship
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Weighted value = sum (row importancen x relationship strength)
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Figure 10.14. House of Quality for the example shown in Figure 10.13

the technical requirements
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In the context of the systematic approach, the use of QFD provides the following
benefits:

e improved formulation of requirements lists through a better representation of
customer requirements

e identification of critical product functions (customer-oriented function struc-
tures)

e definition of critical technical requirements and identification of critical com-
ponents

e recognition of future development goals and cost targets on the basis of customer
requirements and analyses of competing products.

The extensive effort needed to undertake every stage of this planning activity
in detail is only justified for major long-term projects. These projects, however,
should also start with the much simpler and quicker methods of task clarification
and requirements formulation presented in Chapter 5.





