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Introduction

Context: embodiment of an innovative design starting 

from the functional architecture of the product

Computer applications play a relevant role for 

increasing the efficiency of the process, but up to now 

systematic innovation methodologies are still poorly 

integrated with product embodiment means 

IFIP (International Federation for Information 

Processing) ïTC5 (Computer Application In Technology) 

WG5.4: Computer-Aided Innovation
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The availability of Virtual Prototyping systems enhances 
the adoption of Trial&Error approaches to design 

CAD/CAE systems are not conceived for supporting the 

designer at conceptual design stages

TRIZ requires a change of mentality in design activities

The outputs of a TRIZ problem solving tool can hardly 

be translated into a modification of a CAD model

Introduction



U. Cugini, G. Cascini, M. Ugolotti

2nd IFIP Working Conference on Computer Aided Innovation
October 8 -9, 2007

5/22

PROduct development and Systematic InnovaTion

National Research Project (www.kaemart.it/prosit)

Coordinator: 

Prof. Umberto Cugini (Polytechnic of Milan)

Partners:
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Product Development and Systematic Innovation

1

2
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1. Invention vs Optimization

Optimized solution: searching the best ñcompromiseò 

solution among conflicting technical requirements

Inventive solution: overcoming the conflicts between 

the technical requirements of a system

PROSIT project:Optimization as a means to shorten 

the distance between CAD environments and CAI 

systems and more specifically for translating the 

technical requirements of a system into geometrical 

contradictions
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2. Optimization vs KBE systems

KBE systems:functional and technological features 

are embedded in the product model, as well as 

general product data

Optimization: the output of an optimization system 

lacks of any information but the geometry itself

PROSIT project:Creating a novel link between 

optimization and PLM systems
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Optimization Techniques

Objective Function

Design variables

Interactions with the SuperSystem: loading conditions, 

internal/external constraints (boundary conditions)

SHAPE OPTIMIZATION

SIZE OPTIMIZATION

TOPOLOGY OPTIMIZATION

TOPOGRAPHY OPTIMIZATION
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Optimization tools as a means for conflict analysis

defining a single multi -goal optimization 

problem leads to a compromise solution

defining N mono-goal optimization 

problems, each with specific boundary 

conditions, leads to N different solutions 

these solutions can be conflicting and 

this is the key to find contradictions
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Roadmap
Concepts/Requirements

Guidelines to define N 

single-goal optimization 

tasks
-

Categorizzazione 
dei sistemi per 
condurre i 
processi di 
ottimizzazione

requisiti

T
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o
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g
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tt.

Categorizzazione 
dei sistemi per 
condurre i 
processi di 
ottimizzazione

requisiti

T
ip

o
lo

g
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Classification of 
optimization 

tasks and 

available tools

Requirements

O
p

t. ty
p

e

Optimization

Optimization
problems1 2 m... ... ... N1 2 m... ... ... N1 2 m... ... ... N

Archivio di K 

sullôimpostazione delle 

analisi di ottimizz. a 

partire dai requisiti 

Knowledge Database:

design requirements and 

optimization criteria

ô

Guidelines for the comparison 

of single-goal optimizations and  

for the identification of 

conflicting design parameters

lôlô

Guidelines for transforming the outputs of the 

final multi-goal optimization into a CAD model  

Conflitti tra i 
parametri 
progettuali

Design
parameters

conflict

Congruenza 
tra i parametri 

progettuali

Design
parameters

fit

Guidelines for overcoming 

geometrical contradictions

TRIZTRIZ

Nuovo Concepts/ 
Nuovi Requisiti
New Concepts/ 

New Requirements

Architettura 

di prodotto 

finale

Final

product

architecture

PLMPLM

Guidelines to define 

functional surfaces 

and constraints in the  

CAD model 

Guidelines for defining a final multi-goal 

optimization task after solving the 

geometrical contradictions 
--

Analisi 

delle 

soluzioni

Analysis 

of the  

solutions



U. Cugini, G. Cascini, M. Ugolotti

2nd IFIP Working Conference on Computer Aided Innovation
October 8 -9, 2007

12 /22

Solution to geometrical model (1)

Feature recognition algorithms fail, since the 

output geometry of a design optimization is 

too complex and difficult to associate to 

modeling features

Proposed approach: definition of a best 

practice implemented in a KB user interface 

which supports the designer in the 

translation of the output of a design 

optimization into a feature -based model, 

with simplified and possibly automated 

steps.
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Solution to geometrical model (2)

Postulates for the development of the KB:

1. It is possible to segment the model into a set of 

invariants ñtypicalò volumes, on the base of the 

product and design requirements

2. Those ñtypicalò volumes can be adopted as seeds 

for the generation of the feature -based model 

after the optimization phase
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Case studies

Plastic wheel for low-cost scooters

Connecting rod for high-performance engines

Hinge for self-closing glass doors
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Case study: plastic wheel for low-cost scooters

Three testing conditions:

È Energy absorbed under high radial loads/displacements

(impact against obstacles)

È Bending loads (curves)

È Torsional loads (acceleration ïdeceleration) 

Radial Bending Torsional
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Case study: plastic wheel for low-cost scooters

First step: single multi -goal optimization

The radial loads test failed

Multi -Goal Multi -Goal Multi -Goal
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Case study: plastic wheel for low-cost scooters

Second step: three mono-goal optimizations

The radial loads test still failed

Radial Bending Torsional
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Case study: plastic wheel for low-cost scooters

Third step: removing constraints within the failing mono -

goal optimization (goal-constraint contradiction) 

The radial loads test succeeded (by removing the 

manufacturability constraint)

Radial Radial Radial
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Case study: plastic wheel for low-cost scooters

Fourth step: application of the guidelines to solve the 

contradiction between goal and constraint

Segmentation

Contradiction: ñthe wheel should present an axial draw 

direction in order to preserve manufacturability 

and should not present an axial draw direction 

in order to provide a sufficient radial stiffnessò.

G. Cascini, P. Rissone, F. Rotini: ñFrom design optimization systems to geometrical 
contradictionsò, accepted for publication into the Proceedings of the 7th ETRIA TRIZ 

Future Conference, Frankfurt, Germany, 6 -8 November 2007.


