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The TRIZ theory has demonstrated its effectiveness in solving creative
problems in the product design field. However, its exploitation and the
application of its various tools and techniques remain difficult for the non-
experts. Generally, the theory does not offer the necessary tools in the
preprocessing phases, to support problem modeling. In this context the aim
of many research studies is to make easier the TRIZ tools exploitation. The
work developed in this paper deals with the TRIZ contradiction matrix
exploitation difficulty, and focuses on technical contradictions established
for a complex system prioritizing. The technical contradictions prioritizing
will be achieved through induced effects impact evaluation on the different
specified design objectives. The proposed approach allows analyzing and
structuring the design problem in order to exploit the TRIZ contradiction
matrix for the design problem resolving. The proposed approach responds
to the main problems raised during TRIZ matrix exploitation, especially
problems related to the abstraction process ie the standard contradiction
formulation and their hierarchy. This aim is achieved through the
decision-maker preferences (DMP) integration. An illustration of the

proposed approach is carried out with a case study on the wind system.

Keywords: TRIZ, contradiction matrix, induced effects, decision-maker
preferences (DMP), preliminary design, wind system.

1. INTRODUCTION AND CONTEXT

Today innovation has become a crucial need for
companies to evolve, thus the adoption of innovation
support processes by industries has become funda-
mental. The innovation aspect integration first requires a
specific choice of tools to promote the designer's
ideation spirit, and Second the tools implementation in
appropriate phases of the design process. Thus the
presence of the innovation aspect in the product design
process is currently needed. The integration of this
aspect must be realized through specific methods and
powerful tools, appropriate for different phases of the
design process. The study conducted in this work is
based on the Russian TRIZ (Theory of Inventive
Problem Solving) developed by Genrich Altshuller in
1960 [1]. Given its efficiency and performance in sol-
ving innovative problems, the theory has since its
inception a very wide exploitation in different areas [2].
Yet the TRIZ tools implementation difficulty limit its
exploitation, especially with the beginners. In this con-
text, many research studies have been developed to sim-
plify, formalize and assist its implementation [3].
Research studies in this context often focus on
combining TRIZ with other analysis and formulation
tools [4-9]. In the present work, we are particularly
interested to the TRIZ contradiction matrix tool forma-
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lization frequently used in the technical field to solve
creativity problems [2], but also presenting several
difficulties during its exploitation. In this subject, the
literature has presented various works that tried to
formalize the matrix exploitation responding to a
specific limit. As an algorithm for design concept gene-
ration using TRIZ inventive principles was developped
to resolve multi-parameter contradiction [10], another
work proposes a semistructured contradiction matrix that
uses physical quantities in SI unit instead of the TRIZ
engineering parameters to enable exact and partial match
in searching for relevant contradictions [11], A study
was carried out proposing new characteristics and
inventive principles for TRIZ contradiction matrix in
order to expand its applicability to typical problems in
chemical process industries [12]. And in the context of
multiple contradictions a method was structured to assist
recognition and classification of contradictions on its
impact for marketing communication quality [13]. Com-
pared to the various approaches proposed in literature, a
particular attention is dedicated in our work to the
Decision-Maker Preferences (DMP) consideration as a
crucial element in prioritizing contradictions. By adop-
ting the DMP-based proposed approach, the designer
would be able to converge faster to the most relevant
design solutions, thus reducing the development time,
optimizing development and innovation resources in
accordance with the DMP.

The present work is in the preliminary design
behavioral phase during which the designer disposes
models describing the system behavior, components
and its interactions. Thus induced effects at this stage
are highlighted. The study generally aims at minimi-
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zing product development cycles often based on the
trial-error logic. We propose the TRIZ contradiction
matrix use as an innovation support tool, at this phase.
The TRIZ theory systematizes the problem-solving
process and allows the designer to directly go to the
right solutions through its abstraction process. We are
interested in this work in the problems formulated as
technical contradictions. Generally, for a complex
system the establishment of an analysis, formulation
and classification process of its technical contra-
dictions, with a view to the efficient exploitation of the
contradiction matrix is crucial. The structured approach
enables prioritizing a set of technical contradictions via
the subjective DMP integration.
Preliminary design
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Figure 1. Preliminary design innovation aid methodology

The present work describes an approach for deter-
mining the most critical in a multiple contradictions
situation. The latter allows evaluating and prioritizing
established contradictions in terms of their importance
in improving the product while integrating the deci-
sion-maker subjective preferences.

The proposed approach is particularly appropriate
for high-level complexity design problems with multi-
ple design parameters interaction and several design
targets that are often contradictory and heterogeneous.

2. DECISION-MAKER PREFERENCES
INTEGRATION

For complex systems, the improvement of a parameter
often leads to the degradation of several other para-
meters, and to unwanted induced effects. The problem
is then no longer limited to the resolution of a specific
contradiction, but to a set of contradictions generated in
the system resolving. In this context, we underline the
need to classify and prioritize these contradictions in
order to direct the designer to solve the most critical
problem according to functional specifications. The
criticality of the induced effects will depend on the
design objectives to be achieved. Contradictions
classification in terms of criticality subject to the
design objectives would then be crucial and a
complementary part to the TRIZ contradiction matrix
exploitation; it thus becomes necessary to integrate the
DMP.
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For this we have been based on the DMP approach
proposed by El Amine [14]. First of all, introducing the
non-prioritized technical contradictions, the second
step is the design problem analysis with respect to the
design objectives via the process of integration of the
DMP; finally at the output the model presents the
prioritized contradictions according to the design
objectives satisfaction level. The DMP integrating
process is divided into three fundamental models:
Observation model, Interpretation model and Aggre-
gation model. The observation model allows forma-
lizing the objective behavior of the corresponding
design alternative to a contradiction and does not
include any subjective DMP. The subjective prefe-
rences of the decision-maker are formalized in the
interpretation and aggregation models.

Desirability Functions setting: The parameterization
of a desirability function is based on the use of a
semantic scale, allowing the decision maker to
associate a level of semantic satisfaction with a given
value of the desirability indice DI. In 1965, Harrington
proposed desirability functions in the field of quality,
one of the most commonly used desirability function
classes [15] (Figure 2).

Aggregation functions setting: Aggregation is
defined as a process of synthesizing all the numerical
values resulting from the interpretation, through an
aggregation operator, in order to obtain a unique
numerical value reflecting the global appreciation of
the alternative of studied design called "global desi-
rability indice GDI". The implementation of the
aggregation model is done through the choice of the
appropriate  aggregation operator. Yager [16]
proposed the operator GOWA (Ordered Weighted
Averaging Operator) which allows a continuous prog-
ression of the degree of compensation between the
two extreme cases. This operator incorporates a noted
parameter 'S', it allows setting the desired compen-
sation degree by the decision maker and the design
objectives weight ‘wi’. This family of operators is
expressed by relation 1.

Wl-_O n
and s yw; =1,
i=1

We define below the main terms that will be used in
this paper.
Design objectives ‘DO’: formalized on the basis of
behavioral models to interpret the state or quality of a
design alternative and to compare it against a reference
defined by the specifications.
Behavior models: one of the ways to evaluate the
performance variables of a design alternative.
Design Parameters ‘DPi’: Parameters used by the
designer to re-design or improve a product.
Environment parameters ‘EPi’: describe the external
environment with which the product will interact.
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Figure 2. Harrington desirability functions [15]

Performance Variables 'pi’: are used by the designer
to describe the behavior of the design alternative
being studied, and provide information on the level of
satisfaction of the design objectives (cost for
example).

TRIZ Engineering Parameters: a list of 39 "generic"
design parameters that model the physical quantities
that could present contradictions[17].

Induced effects: in the behavioral phase, which chara-
cterizes the behavior of the system and its components,
appears the induced effects, representing physical
phenomena related to functional flows (noise, heaing,
rupture, deformation, etc).

3. PROPOSED APPROACH

The proposed approach (figure 3), allows identifying
and prioritizing inherent contradictions when impro-
ving a system performances. This approach is as des-
cribed based on four essential phases.

PHASE I: Design problem analysis and technical
contradictions formulation

Firstly the designer formulates the need through the
behavior models (maximizing, reducing or targeting a
value for a design objective). This step will then be
used to perform a sensitivity analysis against the model
variables in order to specify the parameters to be
improved and deteriorated ones. The designer could
determine in this step the different induced effects
implemented in relation to the deteriorated parameters
and their impacts on the design objectives listed in
specifications. Finally the formulation of the set of
contradictions to solve is established. The second phase
of the process focuses on prioritizing these contra-
dictions in order to direct the designer towards the right
design alternative and the most relevant contradiction
to solve.The diagram presented in Figure 4 illustrates a
general overview of the first phase different stages. The
latter begins with the expression of the principal design
objective (PDO) and goes as far as the setting up of the
non-prioritized technical contradictions.

pmm——————— i

i PHASE I: Design problem analysis and technical contradictions formulation -

- Formulation of technical contradictions

- Ex;l)ression of need and implementation of associated behavior models
- Sensitivity study to identify improved parameters and degraded parameters
- Determination of induced effects and their impacts on design objectives

PHASE II: Decision-maker preferences integration

- Implementation of observation models associated with design objectives
- Implementation of mterpretation models associated with design objectives
- Implementation of the aggregation models and presentation of the global comparison of evolutions

PHASE III: Contradictions hierarchy and resolition

- Interpretation of results and contradictions hierarchy
- Technical contradictions matrix exploitation and contradictions résolution

..........

PHASE IV: Decision making and final solition choice

- Relevant solution concepts development

- Final sohition determination

a. Choice of the relevant solution for an improved parameter

- Developed concepts evaluation compared to the design objectives
- Choice of the final solution (for the actual improved parameter)

b. Choice of the relevant solution for all the improved parameters
- Preselected solutions evaluation compared to the design objectives

Figure 3. Proposed approach
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Figure 4. Problem analysis and technical contradictions formulation
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Figure 5. Decision-maker preferences integration

PHASE II: Decision-maker preferences integration

The DMP are integrated through observation, inter-
pretation and aggregation models appropriate for the
design problem implementation. It is therefore necessary
for each model to identify the input and output variables
in order to obtain at the end of the process with Global
Desirability Indice GDI. The latter allows comparing
different design alternatives. As illustrated in the figure
S, the GDIs obtaining process has in the input perfor-

Non prioritized Final comparison of the

Technical Contradictions GDI
¢ (p;)
GDI

i 1
TC1

R os $
TC2 ‘l
TC3 L

Figure 6. Contradictions hierarchy and resolution
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pi

mance variables (pi), among which we distinguish those
associated with the technical contradictions representing
their deteriorated parameters.

The final comparison of the GDIs informs the
designer on the level of satisfaction of the design
objectives related to performance variables. Finally, the
designer is able to prioritize the technical contra-
dictions through the GDI evolution and their impact on
the design objectives.

Prioritized technical Technical Contradictions

contradictions resolution
J
¢/’ (p;)
TC31 T S Contradiction matrix
TC12 ‘l Innovation principles
Saacae '
TC, Solutions
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PHASE III: Contradictions hierarchy and resolution
The final comparison of the GDIs, allows in this phase
contradictions prioritizing according to their impacts on
the design objectives. The designer at this stage compa-
res the different contradictions on the basis of their
degradations of the GDI. Then the designer could
specify the "deteriorated parameter" which constitutes,
with the previously specified "improved parameter", the
critical technical contradiction. This degraded parameter
is the one associated with the induced effect presenting
the most degradation on the GDI. In result, the technical
contradictions envisaged are all prioritized (figure 6).
Thus the designer is directly oriented towards the good
design alternative. The TRIZ contradictions matrix
exploitation to resolve technical contradiction specified
from the final comparison of the GDIs, presents the pe-
nultimate stage of the process. Finally the step of
specifying the abstract solutions representing in this
approach innovation principles proposed by the technical
contradictions matrix [17]. The abstract solutions
specification depends mainly on the knowledge,
experience and performance of the designer. However,
exploiting the patent base and working in
multidisciplinary teams can be an important factor
simplifying the specification process.

PHASE IV: Decision making and final solution choice
This phase is dedicated to the process of final solution
specification.

4. PROPOSED APPROACH ILLUSTRATION ON A
WIND SYSTEM

This section illustrates the proposed approach through
a case study on the wind system. The problem resol-
ving through the integration of desirability functions,
aggregation models and the TRIZ matrix exploitation is
developed according to the proposed approach different
phases.

4.1 Phase I: problem analysis and formulation of
technical contradictions

Need expression-Principal Design Objective specifi-
cation: In this case study, the principal design
objective is to maximize the power of a large wind tur-
bine type Vestas 90 / 2MW [18], from its initial power
of 325 Kw to 425Kw value specified by the decision-
maker (Figure 7). We note that the initial power is that
of the current version of the wind turbine considered.
This power takes into consideration the initial technical
and environmental characteristics of the initial wind
turbine studied version.

Wind system power model: The power model allows
identifying power maximization of different alterna-
tives acting on design parameters and evaluating power
sensitivity due to the design parameters. Being based
on the wind system power model (formula 2) the power
maximization is possible by acting on the main design
parameters: Power coefficient ‘Cp’, rotor section‘d’
related to the blade length ‘Lblade’ and speed at the
rotor height function of tower length “ 1,0, -
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Figure 7. Power maximization objective targeted [18]

We present in Table 1 the different characteristics
and parameters of the considered power model.

Table 1. Variables and characteristics of the power model

Symbol Signification Associated Unit
value
p Air density 1.224 Ke/m’

Cp Power coefficient 0.5 -

A Surface swept by Varies with 5

the blades blade’s length m
R/ Lblade | ROWrradius. Blade| 0, e m
length
Vv Wind speed at the | Varies with the m/s
considered site tower high

N Multiplier yield 0.82 ---
g Generator yield 0.9 -

Sensitivity study on the parameter: After expressing
the need and implementing the associated behavior
model, the design problem analysis, is carried out
through a parametric analysis based on identification of
the main problem resolution alternatives. (Maximizing
the power of the wind turbine in our case, by acting on
its design parameters). This first step of parametric
analysis focuses on the determination of ‘‘improved
parameters’’ and associated ‘‘deteriorated parameters’’
to formalize technical contradictions. Then, we proceed
to the specification of the induced effects in relation with
the set of the deteriorated parameters. The last step in
this analysis process is to link the deteriorated para-
meters to the design objectives through the induced ef-
fects. The wind system power maximization problem
analysis is shown schematically in Figure 8 below.

Formulation of established technical contradictions:
The problem analysis illustrated in Figure 8 specifies
the three design parameters that the designer can act on
to maximize power. According to the power model,
this maximization is related to the increase of three
design parameters: The power coefficient Cp which
characterizes the blade shape, the section 4 swept by
the rotor (corresponding to the increase of the length of
the blades) and the increase in the tower length which
is in relation with the wind speed. In this study we will

FME Transactions




be interested only in the two parameters Blades length
and Tower length to reach the design objective inten-
ded by the decision-maker. The power coefficient Cp is
not considered, given the maturity reached in the
industrial sector in aerodynamic optimization of the
blade shape. The improvement of the considered
parameters implies the degradation of other parameters
in relation. The set of technical contradictions that
characterize the problem integrates each pair "Impro-
ved Parameter, Deteriorated Parameter". The standard
expression of the adopted technical contradictions is
presented in table 2.

To formulate these contradictions, the designer
must associate parameters expressing the problem (de-
sign parameters, performance variables, induced effects
or design objectives) with the 39 TRIZ engineering
parameters. Thus, each formulated technical contra-
diction corresponds to one or more induced effects. In
this problem analysis we have established from the
degraded parameters the different corresponding indu-
ced effects. These latter were subsequently related to
the specified design objectives.

4.2 PHASE II: Decision-maker preferences integration

e  Observation model

The wind system behavior is formalized through obser-
vation models, allows having a quantitative indicator of
the induced effects. These can then be interpreted using
desirability functions [15], to evaluate their impact on the
design objectives, namely, in our case of study, the wind
system cost and the aecrodynamic noise. We will present in
the following, for the three technical contradictions, the
observation models and the evolutions of the design
objectives according to performance variables.

Table 2. Standard expression of technical contradictions

Technical contradiction 1: System cost/Blade
length: In order to approximate the wind system cost
variation due to the blade and tower length increase, we
have been interested to all system components with
considerable cost. The selection was made by referring
to the actual wind system components cost presented
by Wind pact [19].

Cost variation with blade’s length increase: The graph
in Figure 9 shows the wind system cost variation due to
the blade length increase.The wind system approximated
costs considered in this study, is equal to the sum of the
selected components cost’s. In this study, we neglected
the effect of blade surface variation due to increasing
their length on the component dimensioning. This
simplification is implemented because, the analytical
models that allows determining the cost according to the
design parameters, shows a small variation of
components cost with the increase of the blades surface.

Cost S System cost variation compared to
blade length
3500000

3000000
2500000 P—
2000000

1500000
1000000

500000
> Power (W)

0 I L

325886 355498 386397 418583
-L--------l-u--------l---------uﬁuu} Blade

length (m)

e —

45 47 49 51
Blades length variation associated with
increased power

Figure 9. Wind system cost variation with blade's length
increase

Improved parameter Deteriorated parameter Induced effect Design .objectlves affected Contradictions
by induced effects
Static object length (blade Stastlc object mass Components damage Wind system cost TC1
length) (System mass)
Speed Aerodynamic noise Aerodynamic noise TC2
Static object length (tower Static object mass .
height) (Towermass) | Wind system cost TC3

Need expression
Design parameters

Improved parameters !'---------
Design parameters

Deteriorated parameters

Induced effects Design objectives

1
1
1
1 4
] 1 ! ]
] 1 ! |
| 1 ! )
! ! performance ' '
1 1 ! 1
1 1 ! 1
Wind system | | | i| System cost:
| | ' i | - Rotor
power : ' System mass :;\ Deformatlontand >: © Multiplier
maximisation | ; components ' S
1 1 1 =
Y | |
7| A Blade length ! !
' Speed at the ' ! :
! ' —> Vibrations > Aerodynamic
——>1 Cp ' | extremity Vtip ' !
= | | |
| |
] ] 1 ]
7l v Tower length } |'>| Tower mass '—%I Tower damage > Tower cost
1 1
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|
Figure 8. Parametric problem analysis
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Technical contradiction 2: Noise/Blade length: Ae-
rodynamic noise is the most wind systems considered
environmental aspect. Considered as a harmful induced
effect generated by the rotation of the blades. The noise
is proportional to the speed at the end of the blade,
which is expressed as a function of the blade length. As
the blade length corresponds to the rotor radius, the
latter is related to the noise model according to Wagner
with the formula (4), [20].

D

L,, =10log +50Vip -4 “
7N,.D,

60 ©®)

Vtip =

The table 3 below gives the parameters of the
aerodynamic noise model considered.

Table 3. Variables of the aerodynamic noise model

Symbol Signification Asi(;(lzlllzted Unit
Lw Aerodynamic noise Variable Db
Nr Rotor rotational speed 17 Tu/min
Dr Rotor diameter Variable m

) Speed at the end of the .
Viip blade Variable m/s

Aerodynamic noise variation with blade’s length
increase: The graph in Figure 10, shows the wind
system noise variation due to the necessary increase in
blade length to achieve the power maximization goal
targeted.

Noise Aerodynamic noise variation with
(Db) blade length

136
135 S
134
133
132
131 -
130
129
1z8 : g
325886,2988 | 378551,134 4351587911

T T e framsnnnnnnn -|....> Blade
45 47.5 50 52.5 length (m)
Blades length variation associated with

increased power

= Power (w)

Figure 10. Aerodynamic noise variation with blade length
increase

Technical contradiction 3: System cost /tower len-
gth: We will present in this part the system cost
variation, according to the increase of the tower length
to reach the goal of maximization of targeted power. In
fact, the increase in tower highly contributes to the
maximization of the power of the wind turbine through
the variation of the wind speed with the height on the
ground. In this sense, we have adopted the model of
variation of the speed of the wind according to the
height with the ground which corresponds to the tower
length in this application.

Speed variation with tower length increase: In our
case study, we adopted the following model of wind
speed variation, according to the height from the
ground:

594 = VOL. 48, No 3, 2020

V() =7, [h’“o)a . ©)

With: 7 : Wind speed at a height 4; V: Wind speed
measured at a height /; a: shear coefficient. We recall
that the environmental conditions are taken equal to
those used for calculating the initial performance of the

wind turbine before modification. The characteristics
of the selected site are summarized in Table 4 below:

Table 4. Wind speed variation model variables

Site type Vo (m/s) | hg(m) a
11 (EC) 44 10 0,157

Wind system cost variation with tower length
increase: The wind speed variation model expressed
by formula 6 allows deducing the following formula
which presents the height as a function of the wind
speed (formula 7):

1

h(V)=hy (VJ“. )

%

From this formula, we first determined the
evolution of the speed necessary to reach the specified
power target. Then, we deduced the corresponding
variation of height (tower length) to reach the objective
of speed and thus of power (Power and speed linked by
the model of power). At the end, the system cost was
calculated. The graph in Figure 11 shows the wind
system cost variation due to the tower height increase
to reach the specified power maximization target. The
approach, in this case, takes into account only the
additional cost due to the increase in the tower height.
The cost of other components redesign due to the
increase in wind speed, in this case, remains unchanged
(the performance of most of the current components are
compatible with the increase in the speed envisaged).

System cost variation with the
CostS tower length
2400000
2350000
2300000
2250000
2200000
2150000
2100000
2050000
2000000
1950000 -~rrerrrrrerereeeereeeeersr Power (W)
325886,2988 368751,1818 406636,7388
Jrrmennns Brsssssss hisissads B > S

80 100 120 140 length (m)

T'ower length variation associated
with increased power

Figure11. System cost variation with the tower length

e Interpretation model

At this stage, we have the power increase impact on the
different design objectives. However, it is necessary to
consider the decision-maker subjective preferences
according to each design objective. We will detail in
the following paragraphs, the DMP integration through
the desirability and aggregation functions.
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Figure 12. Desirability variation for the three design objectives

Desirability functions setting: In our case study, for a
type II site (lakes or flat and horizontal zone with
negligible vegetation and free of all obstacles accor-
ding to the Eurocode [21]), sufficiently far removed
from the inhabited zone we associated desirability 0.9
to 130 (dB) and 0.2 to 140 (dB). For the economic
aspect in relation to the wind system considered cost,
we associated a good desirability 0.8 to a cost close to
the current version cost (Tower height = 80 m and
Blade length = 90m) which is equal to § 2100000. A
low desirability 0.16 has been associated to a system
cost equal to $ 2500000. The desirability associated
values do not represent unique choices. The decision-
maker can associate other different values according to
the constraints. The assignment of the different values
that define the desirability functions depends on the
industrial context, the budget initially allocated to the
project, the project manager and the standards that
often present references for the decision-maker. The
specification of the final values results from
consultation between all the project actors. The
parameterization of desirability functions adopted for
the calculation is presented in Table 5.

Table 5. Desirability functions setting

Design objectives
Aerodynamic
System cost (3) noisZ(db)

dlsL 0.8 0.9
Point 1

SL, 2100000 130

a*c 0.16 0.2
Point 2

AC, 2500000 140

The graphs shown in Figure 12 illustrate the three
considered design objectives desirability degradation
function of related design variables (Lblade and h)
variation when reaching the power objective target.
Transition from actual values of design objectives to
adimensional desirability values allows considering
the DMP and visualizing evolutions on the same scale.
However, the latter are not comparable because the
desirability indices correspond to the different design
objectives. In order for these evolutions to be compa-
rable, their impacts on the overall system desirability
has to be considered. Thus we use the aggregation
model that makes these objectives comparable consi-
dering the relative importance 'wi' assigned to each
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objective, and the value of the parameter ‘S’ repre-
senting compensation degree desired by the decision-
maker.

Aggregation function setting: In this part, we asso-
ciate to the previously obtained desirability indices, a
Global Desirability Indices, allowing to inform on the
GDI degradation function of the performances vari-
ables variation. Thus, the evolutions of the three
specified design objectives will be comparable. Yager's
adopted aggregate operator [16] proposes to assign
weights to the different design objectives whose sum is
'one', plus the determination of the value of the
compensation parameter 's' according to the adopted
design strategy. We recall that a negative value of this
compensation parameter is associated with a compen-
sating design strategy [14]. The table 6 shows the
values defined for the setting of our aggregation
function.

Table 6. Agregation functions setting

Aerodynamlc System cost
noise
Ponderation ‘wi’ 0.3 0.7
Compensation ‘’s”’ -0.7

After calculating the global desirability indices
corresponding to desirability indices through the
desirability function, we plotted the final comparison
of the GDIs for the three design objectives (Figure 13).
Each curve in the graph represents a technical
contradiction. To obtain the curve associated with a
contradiction, we set the initial value of the design
objective and its corresponding desirability indice to
the original value (of the initial version) and we only
change the affected objective (s). For example, for the
improved blade length parameter that influences the
cost and the noise, when we want to trace the GDI
evolution curve of the noise, we start from the
corresponding GDI to the initial version and then, by
varying the length of the blades, we evaluate the
degradation of the induced effect "Noise" only on the
GDI (The induced effect due to the increase of the
mass is not considered / we suppose that the mass
remains constant). Exploiting this result will classify
the set of contradictions in terms of their impacts on
the design objectives while considering the preferences
of the decision-maker.

After calculations, we obtained the results of figure
13. That enables classifying the set of contradictions in
terms of their impacts on the overall design objective,
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expressed by the GDI while considering the
preferences of the decision-maker.

We present in the following the aggregation model
adopted in our case and the final comparison of design
objectives based on the Global Desirability Indice GDI.

GDIs degradation for technical contradictions
linked to the design parameter ' Blade length "'

GDI
1 Aerodynamic noise
TC: Speed-noise
0.8 — L
0.6
- System cost
0.4 TC: Length-mass
0.2 +
0 - Power (w)
320000 370000 420000
basssssans bosssansssi R sssasnsnn f BPPS Blade
45 47.5 50 52.5 length (m)

GDI degradation for technical contradiction
linked to the design parameter ' Tower length "'
GDI
1 4

System cost

0.8 WCT Length-mass
0.6

0.4
0,2 +
0 Power (w)
320000 370000 420000
frrrnnnnnn A ——— drssssssnsy beeed» Tower
80 100 120 140 length (m)

Figure 13. Global desirability indice evolution compared to
the design objectives

4.3 PHASE lll: Contradictions hierarchy and
resolution

Results interpretation and contradictions hiera-
rchy:

Consider the technical contradictions Associated with
the improved “blade length” parameter, the most
critical contradiction to resolve is the contradiction

(Length-mass). In fact, it is the one that presents more
degradation of the GDI (figure 14).

The problem to solve concerns the technical
contradiction "Blade length-System mass". At this
point, and in order to minimize the weight of the wind
system, we focused on reducing the weight of the
multiplier component, the most important component
in the nacelle. The contradictions to be solved then is:
"Blades length — Multiplier mass"

5. TRIZ CONTRADICTION MATRIX EXPLOITATION
AND SPECIFIED CONTRADICTION RESOLUTION

According to the final comparison of the GDIs, the
maximization of the power of the wind system through
the variation of the blade length is considered the most
adequate with the design objectives because it induces
the least degradation on the GDI.

We are now interested to solving the problem as a
contradiction related to the blade length variation. The
standard formulation of the specified contradiction is:

- Improved parameter - Static object length

- Deteriorated parameter = Static object mass

The exploitation of the matrix of contradictions
proposes for the indicated parameters four innovation
principles (35, 28, 40, 29) in figure 15. The exploration
of the different principles directs the designer towards
the following concepts of solutions.

Solution 1 “Topologically optimized transmission’’:
Directives of principle 35 investigation: “modification
of parameters”, orient to think following the instruction
“Change the concentration or the consistency” to a
more optimized form of the gears. Thus, we opt for
reducing the multiplier mass by optimizing the gears
mass with topological optimization. This solution
changes material concentration in non-functional area,
while respecting the resistance constraints.

Linguistic GDIs degradation for technical contradictions linked to Contradictions
appreciation scale the design parameter "' Blade length " criticality level
GDI
| Very low
Very high e
\ Sag
08 ¢ = Low
High
0.6 i Most critical technical
Y <& contradiction (Blade length vs i
Medium . s b, system mass) Medium
0,4 ~ .
Low 0,2 High
2 Power (W)
T s -~ )
Verylow 330000 370000 = 420000 Very high
Basansssansansnss dhasssasssnsnnanss Basassasianasssnns Ransad » Blade
45 47.5 50 525 length (m)

Figure 14. GDIs degradation for technical contradictions linked to the design parameter " Blade length "
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Figure 15. Solutions concepts proposal tree

Solution 2 “Continiously variable transmission’’:
Principle 35: "Modification of parameters - Modifying
the degree of flexibility", guides the designer to solve
the specified problem modifying flexibility degree to
reduce the system mass. This is explained by the over-
sizing of systems with a low flexibility degree. There-
fore, we propose as a solution to replace the reference
multiplier type "planetary three-stage with fixed ratio",
by a continuously variable transmission.

Solution 3 “Topologically optimized continuously
variable transmission”: This third proposed solution
results from the combination of the first and the second
solution. We propose to replace the reference multiplier
by a continuously variable transmission whose gears
are topologically optimized. This solution will combine
the advantages of the first and second solutions for
maximum gain in mass.

We note that at this stage the process of generating
concepts is part of an organized design activity, based
on brainstorming ideas during which, the designers
together can exploit some of Altshuller's tools for
unlocking psychological inertia to promote the ideation
spirit and foster creativity.

4.4 PHASE IV: Decision making and relevant
solutions choice

To select the appropriate solution, all proposed solution
concepts should be developed and evaluated against the
design objectives (Cost and noise for our application
case). At this stage, it is important to have pre-selection
tools to distinguish the most relevant solutions, in order
to minimize development in terms of human resources
and processes. The "PSNP-Parallel Set Narrowing Pro-
cess" can be adopted as a basic tool for decision support
and choice of relevant concepts at this stage. The process
allows a several concepts parallel development until a
sufficient knowledge level is available to permit the
most relevant concept selection. The optimal solution
obtaining process structuring is crucial at this stage.

4.5 Harmonization aspect consideration in a design
project

A product generally represents an elementary compon-
ent of a more complete system (The wind system stu-
FME Transactions

died, which is part of the complete "wind farm" sys-
tem). Thus, design choices associated with the deve-
loped object may have an impact on other components
and design activities associated with the overall system
[22]. In the presented study, the multiplier-related de-
sign choices mainly affect the possibility of increasing
the wind turbine blades length that impacts the wake
effect on the turbines positioning (wind farm optimi-
zation) [23, 24]. In the present paper, these conside-
rations have not been integrated. An interesting
perspective is to adapt our approach to integrate inhe-
rent interactions in a whole development projects. For
this, the designer must be able, firstly, to highlight the
interactions between different parts of the system and,
secondly, to assess the impact of elementary decisions
on the overall project target.

4.6 CONCLUSION

Survey results show the advantage of exploiting TRIZ
in the design field [2]. It should be noted that TRIZ
does not give innovations and does not solve the
problem directly but directs the designer towards the
most promising solution, comparing TRIZ's abstract
solutions to technical industrial reality. However,
TRIZ tools often present operation difficulties for
users. In this context several attempts to formalize
TRIZ tools have been implemented. In an increasingly
collaborative development environment, this formali-
zation provides a favorable framework for commu-
nication and exchange between project stakeholders. In
complementarity with these works we presented in this
paper a design approach aiming at the TRIZ contra-
diction matrix formalization. This tool has widely been
used to enhance innovation spirit in many fields. Yet
the exploitation of the contradiction matrix presents
limits for complex systems. Generally, the improve-
ment of a complex system performance acting on its
design parameters induces deterioration of several
other parameters, and then the designer must evaluate
and prioritize established contradictions according to
the criticality level. In this case, contradictions’ prio-
ritizing in terms of the criticality related to the induced
effects, and with respect to the design objectives, is
crucial. In this context, the presented work aimed at
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combining the TRIZ matrix with the DMP integration
process to prioritize contradictions. The structured hyb-
rid approach allows innovative design problems resol-
ving especially induced effect problems characterizing
the preliminary design behavioral phase as illustrated
through the case study on the wind turbine.
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NOMENCLATURE

Cp Power coefficient

Dr Rotor diameter

Lblade Blade length

Lw Aerodynamic noise

Nr Rotor rotational speed

Viip Speed at the end of the blade
DI Desirability indice

DMP Decision-maker preferences
DO Design objectives

DO Design objective

DP Design parameters

DP Deteriorated parameter

Dr Rotor diameter

EP Environment parameter
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GDI Global desirability indice

h Tower length

IE Induced effect

IP Improved parameter

Mr Machine rating

PDO Principal design objective

Pi Performance variables

Rr Rotor radius

S Compensation parameter

TC Technical contradiction

A Surface swept by the wind system blades
v Wind speed at the considered site
Greek symbols

o Observation model

) Interpretation model

0 Aggregation model

p Air density

. Multiplier efficiency

H, Generator efficiency

a Shear coefficient

wi Design objectives weight

MPUCTYH 3ACHOBAH HA IPE®EPEH-
IIUJAMA 3A KOPHIITREILE TPU3 MATPHIIE
KOHTPAJUKIMUJE Y NPEJTUMUHAPHOM
JTA3AJHY

FME Transactions

K. Xmuna, M. Ea Amun, JI. Jlacpu, M. Canay

Ioxkaszasio ce na je TPU3 teopuja eduracHa 3a pera-
Bame IMpoOJieMa KPEaTUBHOCTH KOJ JM3ajHa MpPOU3-
Bosa. MeljyTum, npuMeHa BHEeHUX Pa3IHYUTUX ajara u
TEXHHKA W JIaJbe je OTeKaHA OHUMA KOjH HHCY CTPY4Y-
wany. OmuTe y3eB, TeOpHja He HYIM MOTpeOHE anare
3a MOAPLIKY MNpoOiIeMy MoOJenupama y MPeAnpo-
necHuM (azama. Y TOM CMHCIY, MHOTa HCTPaKHBaHba
nMajy 3a OWh Ja OTKPHjy Kako Ja ce OJaKiia
kopurtheme TPU3 maTpurie KoHTpaauKIyje.

OgBaj pax ce 0aBu mpobiemom Temikoha kopuiihemwa
TPU3 wMarpuile KOHTpamuKIMje M Jaje MPEeAHOCT
TEXHUYKAM KOHTPAJHKIHjaMa Yy CIIOKEHOM CHCTEMY.
[TpuopureTHe TEXHUYKE KOHTPAAMKLUje ce YTBphyjy
eBAIyallijOM HHAYKOBaHUX edekara Ha pa3IuUUTE
onpehene mubeBe au3ajHa. I[IpemIoKeHH MPUCTYI
oMoryhaBa aHanmM3Mpame U CTPYKTYpUpamwe mpobiiema
JM3ajHa y IJbY pellaBama NnpodieMa KopuihemeM
TPU3 marpuiie KOHTpaIUKITH]E.

[IpemioxkeHy TPHCTYN Jaje OATOBOP Ha TIJIaBHE
mpobieMe HacTaje MPWINKOM Kopuimhema Marpuie,
HapoYMTO MpobiieMe Be3aHe 3a mporec hopMyrHcama
CTaHAaplla KOHTPAAMKIHMje M IUXOBY XHUjepapxujy.
[wb je NOCTUrHYT MHTerpucameM mnpedepeHimja
HOCHOIa OJUTyYHBamba.

[pemioxeHn TPHUCTYI je WIYCTPOBAH CTYAUjOM CIy-
Yaja jeJIHOT CHCTeMa BeTpOoreHepaTopa.
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